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Figure 5

SUBDRAIN OPTIONS AND BACKFILL WHEN NATIVE MATERIAL HAS EXPANSION INDEX OF 00 

OPTION 1: PIPE SURROUNDED WITH 
CLASS 2 PERMEABLE MATERIAL 

SLOPE 
OR LEVEL 

OPTION 2: GRAVEL WRAPPED 
IN FILTER FABRIC 

SLOPE 
OR LEVEL 

WATERPROOFING 
(SEE GENERAL NOTES) WATERPROOFING ----lf--o~ 

LEVEL OR 
SLOPE 

GENERAL NOTES: 

12" MINIMUM 

CLASS 2 PERMEABLE 
FILTER MATERIAL 
(SEE GRADATION) 

4 INCH DIAMETER 
PERFORATED PIPE 

(SEE NOTE 3) 

(SEE GENERAL NOTES) 

LEVEL OR 
SLOPE 

Class 2 Filter Permeable Material Gradation 
Per Caltrans Specifications 

Sieve Size Percent Passing 
1" 100 

3/4" 
3/8" 
No.4 
No.8 

No. 30 
No. 50 
No.200 

90-100 
40-100 
25-40 
18-33 
5-15 
0-7 
0-3 

* Waterproofing should be provided where moisture nuisance problem through the wall is undesirable. 
* Water proofing of the walls is not under purview of the geotechnical engineer 
* All drains should have a gradient of 1 percent minimum 

:· ,. .. .- ,.: . 
. . . 

FILTER FABRIC 
(SEE NOTE4) 

12" MINIMUM 

*Outlet portion of the subdrain should have a 4-inch diameter solid pipe discharged into a suitable disposal area designed by the project 
engineer. The subdrain pipe should be accessible for maintenance (rodding) 
*Other subdrain backfill options are subject to the review by the geotechnical engineer and modification of design parameters. 

Notes: 
1) Sand should have a sand equivalent of 30 or greater and may be densified by water jetting. 
2) 1 Cu. ft. per ft. of 1/4- to 1 1/2-inch size gravel wrapped in filter fabric 
3) Pipe type should be ASTM D1527 Acrylonitrile Butadiene Styrene (ABS) SDR35 or ASTM D1785 Polyvinyl Chloride plastic (PVC), Schedule 
40, Armco A2000 PVC, or approved equivalent. Pipe should be installed with perforations down. Perforations should be 3/8 inch in diameter 
placed at the ends of a 120-degree arc in two rows at 3-inch on center (staggered) { 
4) Filter fabric should be Mirafi 140NC or approved equivalent. -~ 
5) Weephole should be 3-inch minimum diameter and provided at 10-foot maximum intervals. If exposure is permitted, weepholes should be :8 

iil located 12 inches above finished grade. If exposure is not permitted such as for a wall adjacent to a sidewalk/curb, a pipe under the sidewalk -g 
to be discharged through the curb face or equivalent should be provided. For a basement-type wall, a proper subdrain outlet system should be i 
provided. 1 
6) Retaining wall plans should be reviewed and approved by the geotechnical engineer. -

~ 7) Walls over six feet in height are subject to a special review by the geotechnical engineer and modifications to the above requirements. c: 

1----------------------------------------T"-----------i 
RETAINING WALL BACKFILL AND SUBDRAIN DETAIL 

FOR WALLS 6 FEET OR LESS IN HEIGHT 
WHEN NATIVE MATERIAL HAS EXPANSION INDEX OF <50 Leighton 

~ 
I 
"' ci 
E 
!!i g 

~ 
Cl .__ ___________________________________ __._ __________ ___.a: 



 

 

APPENDIX A 

REFERENCES 

~ Leighton 



13526.001 

A-1 
 

APPENDIX A 
 

References 
 

American Concrete Institute (ACI), 2014, Building Code Requirements for Structural 
Concrete (ACI 318-14) and Commentary, an ACI Standard, reported by ACI 
Committee 318. 

Bryant, W.A., and Hart, E.W., 2007, Fault-Rupture Hazard Zones in California, Alquist-
Priolo Earthquake Fault Zoning Act with Index to Earthquake Zones Maps, 
Department of Conservation, California Geological Survey, Special Publication 
42.  2007 Interim Revision. 

California Building Standards Commission, 2019, 2019 California Building Code, 
California Code of Regulations, Title 24, Part 2, Volume 2 of 2, Based on 2018 
International Building Code, Effective January 1, 2020. 

California Department of Water Resources (CDWR), 2022, Sustainable Groundwater 
Management Act Data Viewer Tool, Website: 
https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer#gwlevels; accessed 
May 11, 2022. 

 
County of San Bernardino, 2007, San Bernardino County Land Use Plan, General Plan, 

Geologic Hazard Overlays, EHFH C, Victorville/San Bernardino, plot date March 
9, 2010, scale 1:115,2000. 

 
Martin, G. R., and Lew, M., ed., 1999, “Recommended Procedures for Implementation 

of DMG Special Publication 117, Guidelines for Analyzing and Mitigating 
Liquefaction Hazards in California,” Southern California Earthquake Center, 
dated March 1999. 

 
Nationwide Environmental Title Research (NETR), 2022, Historical Aerials by 

NETROnline, website: https://www.historicaerials.com/, accessed May 11, 2022. 
 
Office of Statewide Health Planning and Development (OSHPD) and Structural 

Engineers Association of California (SEAOC), 2020, Seismic Design Maps web 
tool, <https://seismicmaps.org/>, accessed May 11, 2022. 

 
Public Works Standards, Inc., 2018, Standard Specifications for Public Works 

Construction, 2018 Edition, published by BNI Building News. 

~ Leighton 

https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer#gwlevels
https://www.historicaerials.com/


13526.001 

A-2 
 

San Bernardino County (SBC), 2010, San Bernardino County Land Use Plan, General 
Plan, Geologic Hazard Overlays, dated March 9, 2010, scale 1:115,200. 

Tokimatsu, K., Seed, H. B., 1987, “Evaluation of Settlements in Sands Due to Earthquake 
Shaking,” Journal of the Geotechnical Engineering, American Society of Civil 
Engineers, Vol. 113, No. 8, pp. 861-878 

 
United States Geologic Survey (USGS), 2022a, Earthquake Hazards Program, Unified 

Hazard Tool, website: https://earthquake.usgs.gov/hazards/interactive, accessed 
May 11, 2022. 

 
United States Geologic Survey (USGS), 2022b, 2008 National Seismic Hazards Maps – 

Source parameters, website: 
https://earthquake.usgs.gov/cfusion/hazfaults_2008_search/query_main.cfm, 
accessed May 11, 2022. 

 
Youd, T.L., Idriss, I.M., Andrus, R.D., Arango, I., Castro, G., Christian, J.T., Dobry, R., 

Finn, L., Harder, L.F., Hynes, M.E., Ishihara, K., Koester, J.P., Liao, S.C., 
Marcuson, W.F. III, Martin, G.R., Mitchell, J.K., Moriwaki, Y., Power, M.S., 
Robertson, P.K., Seed, R.B., Stokoe, K.H. II, 2001, “Liquefaction Resistance of 
Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF 
Workshops on Evaluation of Liquefaction Resistance of Soils”, Journal of 
Geotechnical and Geoenvironmental Engineering, Vol. 127, No. 10, October 
2001. 

~ Leighton 

https://earthquake.usgs.gov/hazards/interactive
https://earthquake.usgs.gov/cfusion/hazfaults_2008_search/query_main.cfm


 

 
 

APPENDIX B 
 

GEOTECHNICAL BORING LOGS 
AND INFILTRATION TEST RESULTS

~ Leighton 



 

B-1 

APPENDIX B 
 

FIELD EXPLORATION 
 
Encountered soils were logged in the field by our representative and described in 
accordance with the Unified Soil Classification System (ASTM D 2488).  Relatively 
undisturbed soil samples were obtained at selected intervals within these borings using 
both a California ring-lined and Standard Penetration Test (SPT) split-spoon sampler.  
Standard Penetration Test (SPT) resistance blow counts were obtained by dropping a 
140-pound hammer through a 30-inch free fall.  The 2-inch outside diameter split-spoon 
sampler was driven 18 inches and the number of blows was recorded for each 6 inches 
of penetration (ASTM D 1586).  In addition, 2.4-inch inside diameter brass ring samples 
were obtained using a Modified California sampler driven into the soil with the 140-
pound hammer.  Borings were backfilled with soil cuttings obtained during the 
exploration.  Representative earth-material samples obtained from these subsurface 
explorations were transported to our geotechnical laboratory for evaluation and 
appropriate testing. 
 
The attached subsurface exploration logs and related information depict subsurface 
conditions only at the locations indicated and at the particular date designated on the 
logs.  Subsurface conditions at other locations may differ from conditions occurring at 
these locations.  The passage of time may result in altered subsurface conditions due to 
environmental changes.  In addition, any stratification lines on the logs represent the 
approximate boundary between soil types and the transition may be gradual. 
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SP-SM
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SP-SM
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4
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R-3

R-4

R-5

S-1

R-6
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-200

6
17
24

11
24
33

3
5
8

5
11
14

20
46

50/6"

11
24

50/3"

13
29
30

@Surface: brush, over SILTY SAND (SM)

@2.5': SILTY SAND (SM), medium dense, light brown, dry to
slightly moist, fine sand, fine to coarse gravel, micaceous,
non-plastic

@5': SILTY SAND (SM), dense, light brown, dry to slightly moist,
fine to medium sand, fine to coarse gravel, micaceous,
non-plastic

@7.5': SILTY SAND (SM), loose, light brown, dry to slightly moist,
fine sand, fine to coarse gravel, micaceous, non-plastic

@10': SAND with silt (SP-SM), medium dense, brown, slightly
moist to moist, fine to coarse, trace coarse gravel, 10% fines
(lab)

@15': SILTY SAND (SM), dense, light brown, dry to slightly moist,
fine sand, fine to coarse gravel, micaceous, non-plastic

@20': SAND with silt (SP-SM), dense, brown, slightly moist to
moist, fine to coarse, trace coarse gravel

@25': SILTY SAND (SM), dense, light brown, dry to slightly moist,
fine to medium sand, trace fine gravel, micaceous, non-plastic
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 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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SOIL DESCRIPTION

Sampled By

Drilling Co.Drilling Co.
Project

Location See Figure 2- Exploration Location Map

Herron Residential Development
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This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.

TYPE OF TESTS:
-200
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% FINES PASSING
ATTERBERG LIMITS
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CORROSION
UNDRAINED TRIAXIAL
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EXPANSION INDEX
HYDROMETER
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POCKET PENETROMETER
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SIEVE ANALYSIS
SAND EQUIVALENT
SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
STRENGTH

GEOTECHNICAL BORING LOG LB-1
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S-3
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S-4

6
9
12

6
11
16

5
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18
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24
26
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8
11

@30': SILTY SAND (SM), medium dense, light brown, dry to
slightly moist, fine to medium sand, trace fine gravel,
micaceous, non-plastic

@35': SILTY SAND (SM), medium dense, light brown, dry to
slightly moist, fine to medium sand, trace fine gravel,
micaceous, non-plastic

@40': SILTY SAND (SM), dense, light brown, dry to slightly moist,
fine to medium sand, trace fine gravel, micaceous, non-plastic

@42.5': Spoils: light olive brown color

@45': SAND with silt (SP-SM), dense, light olive brown, slightly
moist to moist, fine to coarse sand, trace fine gravel

@50': SILTY SAND (SM), medium dense, light olive brown, slightly
moist to moist, fine to medium sand, trace fine gravel

TOTAL DEPTH = 51.5 FEET
NO GROUNDWATER ENCOUNTERED
BACKFILLED WITH SOIL CUTTINGS TO SURFACE 
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 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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SOIL DESCRIPTION
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Location See Figure 2- Exploration Location Map
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This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.

TYPE OF TESTS:
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SIEVE ANALYSIS
SAND EQUIVALENT
SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
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GEOTECHNICAL BORING LOG LB-1
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@Surface: brush, over SILTY SAND (SM)

@2.5': SILTY SAND (SM), medium dense, light brown, dry to
slightly moist, fine sand, trace medium, trace fine gravel,
micaceous, non-plastic

@5': SAND with silt (SP-SM), medium dense, brown, slightly moist
to moist, fine to coarse sand, fine gravel, trace coarse, 12%
fines (lab)

@7.5': SILTY SAND (SM), medium dense, brown, moist, fine to
medium sand, trace fine gravel, micaceous, non-plastic

@10': SAND with silt (SP-SM), medium dense, brown, slightly
moist to moist, fine to coarse sand, fine gravel, trace coarse

@15': SAND with silt (SP-SM), dense, brown, slightly moist to
moist, fine to coarse sand, fine gravel, trace coarse

@20': SAND with silt (SP-SM), dense, brown, slightly moist to
moist, fine to coarse sand, fine gravel, trace coarse

@25': SAND with silt (SP-SM), dense, brown, slightly moist to
moist, fine to coarse sand, fine gravel, trace coarse
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 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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SOIL DESCRIPTION

Sampled By

Drilling Co.Drilling Co.
Project

Location See Figure 2- Exploration Location Map

Herron Residential Development
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This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.
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SIEVE ANALYSIS
SAND EQUIVALENT
SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
STRENGTH

GEOTECHNICAL BORING LOG LB-2
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SP-SMR-6 28
50/6"

@30': SAND with silt (SP-SM), dense, brown, slightly moist to
moist, fine to coarse sand, fine gravel, trace coarse

TOTAL DEPTH = 31 FEET
NO GROUNDWATER ENCOUNTERED
BACKFILLED WITH SOIL CUTTINGS TO SURFACE 
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 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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Location See Figure 2- Exploration Location Map
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13526.001

Drilling Method
8"

F
ee

t

Hole Diameter

M
o

is
tu

re

D
ry

 D
en

si
ty

N

This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.
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SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
STRENGTH

GEOTECHNICAL BORING LOG LB-2
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@Surface: brush, over SILTY SAND (SM)

@2.5': SILTY SAND (SM), medium dense, light brown, dry to
slightly moist, fine sand, trace medium, trace fine gravel,
micecous, non-plastic, 28% fines (lab)

@5': SILTY SAND (SM), medium dense, light brown, dry to slightly
moist, fine sand, trace medium, trace fine gravel, micecous,
non-plastic

@7.5': SILTY SAND (SM), medium dense, light brown, dry to
slightly moist, fine sand, trace medium, trace fine gravel,
micecous, non-plastic

@10': SAND with silt (SP-SM), dense, brown, slightly to moist, fine
to coarse sand, fine gravel

@15': SAND with silt (SP-SM), dense, brown, slightly to moist,
medium to coarse sand, trace fine, fine to coarse gravel

@20': SAND with silt (SP-SM), dense, brown, slightly to moist,
medium to coarse sand, trace fine, fine to coarse gravel

TOTAL DEPTH = 21.5 FEET
NO GROUNDWATER ENCOUNTERED
BACKFILLED WITH SOIL CUTTINGS TO SURFACE 
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Date Drilled

3375

3370

3365

3360

3355

3350

3345

 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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SOIL DESCRIPTION

Sampled By

Drilling Co.Drilling Co.
Project

Location See Figure 2- Exploration Location Map

Herron Residential Development

13526.001

Drilling Method
8"
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Hole Diameter
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This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.

TYPE OF TESTS:
-200
AL
CN
CO
CR
CU

% FINES PASSING
ATTERBERG LIMITS
CONSOLIDATION
COLLAPSE
CORROSION
UNDRAINED TRIAXIAL

DS
EI
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MD
PP
RV

DIRECT SHEAR
EXPANSION INDEX
HYDROMETER
MAXIMUM DENSITY
POCKET PENETROMETER
R VALUE
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SIEVE ANALYSIS
SAND EQUIVALENT
SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
STRENGTH

GEOTECHNICAL BORING LOG LB-3
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SM

SM

SP-SM

SP-SM

SP-SM

SM

SM

119

119

117

118

2

3

2

6

B-1

R-1

R-2

R-3

S-1

R-4

S-2

5
17
21

10
20
26

9
15
19

25
50/6"

38
50/4"

5
13
19

@Surface: brush, over SILTY SAND (SM)

@2.5': SILTY SAND (SM), medium dense, light brown, dry, fine to
coarse gravel, ~30% fines (field estimate), trace rootlets, slightly
porous, micaceous

@5': SAND with silt (SP-SM), loose, brown, dry to slightly moist,
fine to coarse sand, ~10% fines (field estimate), trace rootlets

@7.5': SAND with silt (SP-SM), medium dense, brown, dry to
slightly moist, fine to coarse sand, ~10% fines (field estimate),
trace rootlets

@10':  SAND (SP), medium dense, brown, dry to slightly moist,
fine to coarse sand, ~5% fines (field estimate), trace rootlets

@15':  SAND (SP), dense, brown, dry to slightly moist, fine to
coarse sand, ~5% fines (field estimate), trace rootlets

@20': SILTY SAND (SM), dense, light brown, dry to moist, fine to
medium sand, trace coarse gravel, ~20% fines (field estimate)

@25': SILTY SAND (SM), dense, light brown, dry to moist, fine
sand, ~35% fines (field estimate)
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Date Drilled

3375

3370

3365

3360

3355

3350

 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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BULK SAMPLE
CORE SAMPLE
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SOIL DESCRIPTION

Sampled By

Drilling Co.Drilling Co.
Project

Location See Figure 2- Exploration Location Map

Herron Residential Development

13526.001

Drilling Method
8"
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Hole Diameter
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This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.

TYPE OF TESTS:
-200
AL
CN
CO
CR
CU

% FINES PASSING
ATTERBERG LIMITS
CONSOLIDATION
COLLAPSE
CORROSION
UNDRAINED TRIAXIAL

DS
EI
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MD
PP
RV

DIRECT SHEAR
EXPANSION INDEX
HYDROMETER
MAXIMUM DENSITY
POCKET PENETROMETER
R VALUE
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SIEVE ANALYSIS
SAND EQUIVALENT
SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
STRENGTH

GEOTECHNICAL BORING LOG LB-4
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SM

SM

SM

SM

SM

108 2R-5

S-3

R-6

S-4

R-7

16
20
31

27
50

10
12
18

9
12
18

13
19
24

@30': SILTY SAND (SM), dense, light brown, dry to moist, fine
sand, trace medium, trace fine gravel, ~35% fines (field
estimate)

@35': SILTY SAND (SM), dense, light brown, dry to moist, fine
sand, trace medium, trace fine gravel, ~30% fines (field
estimate)

@40': SILTY SAND (SM), medium dense, light brown, dry to moist,
fine sand, trace medium, trace fine gravel, ~45% fines (field
estimate)

@45': SILTY SAND (SM), dense, light brown, dry to moist, fine
sand, trace medium, trace fine gravel, ~45% fines (field
estimate)

@50': SILTY SAND (SM), medium dense, light brown, dry to moist,
fine sand, trace medium, trace fine gravel, ~45% fines (field
estimate)

TOTAL DEPTH = 51.5 FEET
NO GROUNDWATER ENCOUNTERED
BACKFILLED WITH SOIL CUTTINGS TO SURFACE 
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3340

3335

3330

3325

3320

 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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5-5-22

SOIL DESCRIPTION

Sampled By

Drilling Co.Drilling Co.
Project

Location See Figure 2- Exploration Location Map

Herron Residential Development

13526.001

Drilling Method
8"
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This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.

TYPE OF TESTS:
-200
AL
CN
CO
CR
CU

% FINES PASSING
ATTERBERG LIMITS
CONSOLIDATION
COLLAPSE
CORROSION
UNDRAINED TRIAXIAL

DS
EI
H
MD
PP
RV

DIRECT SHEAR
EXPANSION INDEX
HYDROMETER
MAXIMUM DENSITY
POCKET PENETROMETER
R VALUE
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SIEVE ANALYSIS
SAND EQUIVALENT
SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
STRENGTH

GEOTECHNICAL BORING LOG LB-4
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SM

SM

SM

SM

SP-SM

SP-SM

SM

SM

114

107

115

2

2

2

B-1

R-1

R-2

R-3

R-4

R-5

S-1

R-6

-200

CO

10
9
8

6
7
9

4
5
7

5
10
15

9
16
32

7
31
39

12
50/6"

@Surface: brush, over SILTY SAND (SM)

@2.5': SILTY SAND (SM), loose, brown, dry to slightly moist, fine
sand, trace fine gravel, micaceous, non-plastic, trace rootlets,
25% fines (lab)

@5': SILTY SAND (SM), loose, brown, dry to slightly moist, fine
sand, trace fine gravel, micaceous, non-plastic, trace rootlets,
~20% fines (field estimate)

@7.5': SILTY SAND (SM), loose, brown, dry to slightly moist, fine
sand, trace fine gravel, micaceous, non-plastic, trace rootlets,
~20% fines (field estimate)

@10': SAND with silt (SP-SM), medium dense, brown, dry to
slightly moist, fine to medium sand, trace fine gravel, trace
coarse, ~10% fines (field estimate)

@15': SAND with silt (SP-SM), medium dense, brown, dry to
slightly moist, medium to coarse sand, trace fine to coarse
gravel, ~10% fines (field estimate)

@20': SILTY SAND (SM), dense, brown, slightly moist to moist,
fine sand, trace coarse, trace fine gravel, ~25% fines (field
estimate)

@25': SILTY SAND (SM), dense, brown, slightly moist to moist,
fine sand, trace coarse, trace fine gravel, ~25% fines (field
estimate)
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BC2 Drilling
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3380

3375
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3355

 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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5-5-22

SOIL DESCRIPTION

Sampled By

Drilling Co.Drilling Co.
Project

Location See Figure 2- Exploration Location Map

Herron Residential Development

13526.001

Drilling Method
8"
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This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.

TYPE OF TESTS:
-200
AL
CN
CO
CR
CU

% FINES PASSING
ATTERBERG LIMITS
CONSOLIDATION
COLLAPSE
CORROSION
UNDRAINED TRIAXIAL
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DIRECT SHEAR
EXPANSION INDEX
HYDROMETER
MAXIMUM DENSITY
POCKET PENETROMETER
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SIEVE ANALYSIS
SAND EQUIVALENT
SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
STRENGTH

GEOTECHNICAL BORING LOG LB-5
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SMS-2 9
11
22

@30': SILTY SAND (SM), dense, brown, slightly moist to moist,
fine sand, trace coarse, trace fine gravel, ~25% fines (field
estimate)

TOTAL DEPTH = 31.5 FEET
NO GROUNDWATER ENCOUNTERED
BACKFILLED WITH SOIL CUTTINGS TO SURFACE 
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SAMPLE TYPES:

BC2 Drilling
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Date Drilled

3350

3345

3340

3335

3330

3325

 * * * This log is a part of a report by Leighton and should not be used as a stand-alone document. * * *
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SOIL DESCRIPTION

Sampled By

Drilling Co.Drilling Co.
Project

Location See Figure 2- Exploration Location Map

Herron Residential Development

13526.001

Drilling Method
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This Soil Description applies only to a location of the exploration at the
time of sampling.  Subsurface conditions may differ at other locations
and may change with time.  The description is a simplification of the
actual conditions encountered.  Transitions between soil types may be
gradual.

TYPE OF TESTS:
-200
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% FINES PASSING
ATTERBERG LIMITS
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SIEVE ANALYSIS
SAND EQUIVALENT
SPECIFIC GRAVITY
UNCONFINED COMPRESSIVE
STRENGTH

GEOTECHNICAL BORING LOG LB-5
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APPENDIX C 
 

LABORATORY TEST RESULTS 
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C-1 

APPENDIX C 
 

GEOTECHNICAL LABORATORY TESTING 
 
The geotechnical laboratory testing program was directed toward a quantitative and 
qualitative evaluation of physical and mechanical properties of soils underlying the site 
and to aid in soil classification. 
 
In Situ Moisture and Density:  The natural water content (ASTM D 2216) and in-situ 
dry density (ASTM D 2937) was determined for recovered relatively undisturbed ring-
lined barrel drive samples, from our subsurface explorations.  Results of these tests are 
shown on the logs at the appropriate sample depths, in Appendix B. 
 
Modified Proctor Compaction Curve (MD):  In accordance with ASTM Test Method 
D1557, a modified Proctor laboratory compaction curve was established for a shallow 
bulk soil sample, to determine the laboratory maximum dry density and optimum 
moisture content compaction curve.  Results are plotted on the following “Modified 
Proctor Compaction Test” sheet in this appendix. 
 
Collapse Potential:  Collapse potential tests were performed on selected soil samples 
in general accordance with ASTM Standard Test Method D 4546.  Test results are 
presented on the “One Dimensional Swell or Settlement” figures. 
 
Expansion Index:  Expansion Index of a representative bulk sample was determined 
by the ASTM D 4829 standard test method to identify expansion potential.  The 
expansion index is presented in this appendix. 
 
Percent Fines (Percentage Passing No. 200 Sieve, -200):  Selected soil samples 
were wet-washed through a No. 200 U.S. Standard brass sieve in accordance with 
ASTM Test Methods D1140 to measure percent fines (silts and clays).  This data was 
used to refine the Unified Soil Classification for tested soil samples.  Test results are 
tabulated in this appendix and listed on boring logs in Appendix A. 
 
Atterberg Limits (AL):  Liquid Limit (LL), Plastic Limit (PL) and Plasticity Index (PI) 
were determined for soil samples in accordance with ASTM D4318 Standard Test 
Method.  Soil samples were air-dried and passed through a No. 40 sieve, then re-
moisturized.  Liquid Limit and Plastic Limit tests were performed on fraction of soil 
samples passing the No. 40 sieve.  Results of these tests are presented on the 
“Atterberg Limits” sheet in this appendix. 
 

~ Leighton 



 

C-2 

Corrosivity Tests:  To evaluate the corrosion potential of the subsurface soils at the 
site, we tested a representative bulk sample collected during our subsurface 
investigation for pH, resistivity and soluble sulfate and chloride content testing.  Results 
of these tests are presented at the end of this appendix. 

~ Leighton 



Tested By: J. Gonzalez Date: 05/25/22
Checked By: A. Santos Date: 06/02/22

LB-3 Depth (ft.): 0-5
B-1

Preparation Method: X   Moist  Mechanical Ram
  Dry  Manual Ram

       Mold Volume (ft³) 0.03330         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6
3883 4002 3951
1826 1826 1826
2057 2176 2125

484.0 431.2 540.6
464.7 404.3 497.2
37.3 37.8 39.2

4.52 7.34 9.48
136.2 144.1 140.7
130.3 134.2 128.5

134.5 6.8

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:

GR:SA:FI
Atterberg Limits:

LL,PL,PI

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

Net Weight of Soil          (g)

Wet Density                  (pcf)
Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Weight of Container            (g)
Dry Weight of Soil + Cont.   (g)

Weight of Mold              (g)

Herron Victorville

Wt. Compacted Soil + Mold (g)

Project Name:

Brown silty sand (SM)

13526.001

TEST NO.

Soil Identification:
Sample No.:

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:
Boring No.:

120.0

125.0

130.0

135.0

140.0

0.0 5.0 10.0 15.0 20.
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Moisture Content (%)

SP. GR. = 2.60
SP. GR. = 2.65
SP. GR. = 2.70

XX

MX LB-3, B-1 @ 0-5
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LB-1 LB-2 LB-5
R-4 R-2 R-1
10.0 5.0 2.5
Ring Ring Ring

0.00 0.00 0.00
0.00 0.00 0.00
1.00 1.00 1.00
0.00 0.00 0.00

922.30 1007.70 804.70
110.00 159.60 108.50
812.30 848.10 696.20

A A A
844.10 908.80 629.70
110.00 159.60 108.50
734.10 749.20 521.20

9.6 11.7 25.1
90.4 88.3 74.9

Project Name: Herron Victorville
Project No.: 13526.001

Tested By: S. Felter Date: 05/26/22

 PERCENT PASSING                 
No. 200 SIEVE                      
ASTM D 1140

Weight of Sample + Container  (g)

Method  (A or B)

Weight of Container         (g)

% Retained No. 200 Sieve

Brown poorly-
graded sand 
with silt and 

gravel       
(SP-SM)g

Brown silty 
sand (SM)

Boring No.
Sample No.

Soil Identification

Depth (ft.)

% Passing No. 200 Sieve

Moisture Correction

Weight of Dry Sample  (g)

Dry Weight of Sample + Cont.  (g)

After Wash

Dry Weight of Sample    (g)   

Wet Weight of Soil + Container (g)

Sample Dry Weight Determination
Moisture Content (%)

Dry Weight of Soil + Container  (g)

Weight of Container       (g)

Container No.:

Sample Type

Brown poorly-
graded sand 

with silt      
(SP-SM)

Weight of Container         (g)

Passing #200 LB-1, LB-2, LB-5

G Leighton 



Project Name: Tested By: S. Felter Date: 05/26/22
Project No.: 13526.001 Checked By: A. Santos Date: 06/01/22
Boring No.: IT-1 Depth (feet): 18.5
Sample No.: R-5
Soil Identification: Brown well-graded sand with silt (SW-SM)

9554 0.0
936.2 0.0
107.9 1.0
828.3 0.0

9554
856.1
107.9
748.2

(in.) (mm.)

1 1/2" 37.5
1" 25.0

3/4" 19.0
1/2" 12.5
3/8" 9.5
#4 4.75
#8 2.36
#16 1.18
#30 0.600
#50 0.300
#100 0.150
#200 0.075

GRAVEL: 3 %
SAND: 87 %
FINES: 10 %
GROUP SYMBOL: SW-SM 13.14

2.13
Remarks:

Container No.:

PARTICLE-SIZE DISTRIBUTION (GRADATION)
of SOILS USING SIEVE ANALYSIS

ASTM D 6913

Herron Victorville

Moisture Content (%)

Wt. of Dry Soil + Container (g) 
Wt. of Container                 (g) 
Dry Wt. of Soil Retained on # 200 Sieve  (g)

Dry Wt. of Soil              (g)

43.0

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 
Wt. of Air-Dried Soil + Cont.(g)

U. S. Sieve Size Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

PAN

Cc = (D30)²/(D60*D10) =

4.9
28.1

619.0

Cu = D60/D10 =

81.1

Wt. of Dry Soil + Cont.       (g)

Container No.

744.7

25.3
472.3
250.2

10.1
705.3 14.8

99.4
96.6

69.8
90.2

0.0 100.0

After Wet Sieve

Cumulative Weight                
Dry Soil Retained (g)

6 Leighton 



3 : 87 : 10

R-5

Jun-22

Soil Type :Depth (feet):
 PARTICLE - SIZE 

DISTRIBUTION               
ASTM D 6913

Soil Identification: Brown well-graded sand with silt (SW-SM)

SW-SM

GR:SA:FI : (%)

Boring No.:

GRAVEL FINES

IT-1 Sample No.:Project Name:

U.S. STANDARD SIEVE OPENING

SAND
SILT     FINE

HYDROMETER
     3.0"      1 1/2"       3/4"        3/8"        #4           #8         #16        #30        #50        #100       #200

U.S. STANDARD SIEVE NUMBER

18.5

FINE CLAY  COARSE COARSE MEDIUM

13526.001Project No.:

Herron Victorville
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Project Name: Tested By: S. Felter Date: 05/26/22
Project No.: 13526.001 Checked By: A. Santos Date: 06/01/22
Boring No.: IT-2 Depth (feet): 20.0
Sample No.: R-3
Soil Identification: Brown silty sand (SM)

979 0.0
959.2 0.0
111.0 1.0
848.2 0.0

979
832.3
111.0
721.3

(in.) (mm.)

1 1/2" 37.5
1" 25.0

3/4" 19.0
1/2" 12.5
3/8" 9.5
#4 4.75
#8 2.36
#16 1.18
#30 0.600
#50 0.300
#100 0.150
#200 0.075

GRAVEL: 11 %
SAND: 73 %
FINES: 16 %
GROUP SYMBOL: SM

Remarks:

Container No.:

PARTICLE-SIZE DISTRIBUTION (GRADATION)
of SOILS USING SIEVE ANALYSIS

ASTM D 6913

Herron Victorville

Moisture Content (%)

Wt. of Dry Soil + Container (g) 
Wt. of Container                 (g) 
Dry Wt. of Soil Retained on # 200 Sieve  (g)

Dry Wt. of Soil              (g)

59.2

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 
Wt. of Air-Dried Soil + Cont.(g)

U. S. Sieve Size Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

PAN

Cc = (D30)²/(D60*D10) =

19.1

67.4
96.0

506.7

Cu = D60/D10 =

143.2

Wt. of Dry Soil + Cont.       (g)

Container No.

716.9

40.3
346.2
219.9

15.5
641.7 24.3

92.1
88.7

74.1
83.1

51.3
97.7

0.0 100.0

94.0

After Wet Sieve

Cumulative Weight                
Dry Soil Retained (g)

6 Leighton 



11 : 73 : 16

R-3

Jun-22

Soil Type :Depth (feet):
 PARTICLE - SIZE 

DISTRIBUTION               
ASTM D 6913

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

Boring No.:

GRAVEL FINES

IT-2 Sample No.:Project Name:

U.S. STANDARD SIEVE OPENING

SAND
SILT     FINE

HYDROMETER
     3.0"      1 1/2"       3/4"        3/8"        #4           #8         #16        #30        #50        #100       #200

U.S. STANDARD SIEVE NUMBER

20.0

FINE CLAY  COARSE COARSE MEDIUM

13526.001Project No.:

Herron Victorville
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Project Name: Tested By: J. Domingo Date: 05/27/22
Project No.: Checked By: A. Santos Date: 06/05/22
Boring No.:

Sample No.: Depth (feet):     0-5

% Gravel 4 Soil Type
% Sand 68
% Fines 28

2.70 0.00 70.55
0.99 0.00 70.45 149.69

2519.26 1.00 1.00 74.74
226.29 0.00 0.14
2292.97 74.95

3" 0.00 100.0 0.00 100.0 88.1
1½" 0.00 100.0 8.48 92.1 81.2
3/4" 0.00 100.0 25.97 75.8 66.8
3/8" 30.62 98.7 45.02 58.1 51.2
No. 4 100.05 95.6 59.96 44.2 38.9
No. 10 272.38 88.1 72.75 32.3 28.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 107.58             Wt. of Dry Soil (g) 107.43
Deflocculant  125 cc of 4% Solution

31-May-22 7:18 0
7:20 2 22.5 31.0 18.7 0.0311
7:23 5 22.5 26.0 14.6 0.0203
7:33 15 22.5 23.5 12.6 0.0120
7:48 30 22.4 22.0 11.4 0.0085
8:18 60 22.3 20.5 10.2 0.0061
9:18 120 22.3 19.0 9.0 0.0044
11:28 250 21.9 18.0 8.1 0.0031

01-Jun-22 7:18 1440 21.4 16.0 6.5 0.0013

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0
8.0

Pan

No. 30
No. 50
No. 100

  Wt. of Dry Soil     (g)

8.0
8.0

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SM

 Specific Gravity  (Assumed)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0
8.0
8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

No. 200

 Dry Wt. of Soil     (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

PARTICLE-SIZE  ANALYSIS OF SOILS

ASTM D 7928 & D 6913

Soil Identification:

Herron Victorville
13526.001
LB-3
B-1

Brown silty sand (SM)

S&H LB-3, B-1 @ 0-5

& Leighton 
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28

B-1

Jun-22

Depth (feet):   0-5 Soil Type :

Project Name:

4 : 68 :

 PARTICLE - SIZE 
DISTRIBUTION               

ASTM D 7928 & D 6913 GR:SA:FI : (%)

Soil Identification: Brown silty sand (SM)

13526.001
Boring No.:

SM
Project No.:

LB-3 Sample No.:
Herron Victorville

SAND
SILT     FINE

HYDROMETER
       3.0"      1 1/2"      3/4"         3/8"        #4          #8         #16        #30        #50        #100      #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Tested By: G. Berdy Date: 06/01/22
Checked By: A. Santos Date: 06/05/22
Depth (ft.):

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

926

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 0

1.0

0.5625
06/02/22 8:36 1.0 1106 0.5625
06/02/22 5:36 1.0

Add Distilled Water to the Specimen
06/01/22 14:30 1.0 20 0.5625

10
06/01/22 14:00 1.0 0 0.5630

0.562506/01/22 14:10

Degree of Saturation (%) [ S meas] 50.2 84.9

Date Time Pressure  (psi) Elapsed Time         
(min.)

Dial Readings        
(in.)

Total Porosity 0.250 0.250
Pore Volume                  (cc)  51.8 51.7

Dry Density                    (pcf) 126.4 126.5
Void Ratio   0.334 0.333

Moisture Content            (%) 6.20 10.47
Wet Density                   (pcf) 134.2 139.7

Dry Wt. of Soil + Cont.    (g) 837.10 621.12
Wt. of Container             (g) 0.00 202.10

Container No. O O
Wet Wt. of Soil + Cont.   (g) 889.00 665.00

Wt. of Mold                    (g) 202.10 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 0.9995
Wt. Comp. Soil + Mold    (g) 647.10 462.90

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

0-5
Sample No.: B-1
Soil Identification: Olive brown silty sand (SM)

Project No.: 13526.001
Boring No.:

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name:

LB-3

Herron Victorville

& Leighton 
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Project Name: Tested By: G. Bathala Date: 05/27/22

Project No.: Checked By: A. Santos Date: 06/01/22

Boring No.: LB-1 Sample Type: Ring

Sample No.: R-3 Depth (ft.) 7.5

Sample Description: Light olive brown silty sand (SM)

Initial Dry Density (pcf): 114.8 Final Dry Density (pcf): 119.1

Initial Moisture (%): 1.46 Final Moisture (%) : 11.4

Initial Length (in.): 1.0000 Initial Void ratio: 0.4684

Initial Dial Reading: 0.0837 Specific Gravity(assumed): 2.70

Diameter(in): 2.415 Initial Saturation (%) 8.4

0.100 0.9997 0.00 -0.03 -0.03

0.900 0.9907 0.39 -0.93 -0.54

H2O 0.9677 0.39 -3.23 -2.84

 Percent Swell (+) / Settlement (-) After Inundation  = -2.31

 

0.4267

0.0840

0.0930

0.1160

Pressure (p)    
(ksf)

0.4679

0.4604

Final Reading   
(in)

Void Ratio      

Swell (+) 
Settlement (-)   
% of Sample 

Thickness

Load   
Compliance    

(%)

Apparent 
Thickness     

(in)

ONE-DIMENSIONAL SWELL OR SETTLEMENT
POTENTIAL OF COHESIVE SOILS

ASTM D 4546

Corrected 
Deformation   

(%)

Herron Victorville

13526.001

0.4200

0.4250

0.4300

0.4350

0.4400

0.4450

0.4500

0.4550

0.4600

0.4650

0.4700

0.100 1.000 10.000

V
oi

d 
R

at
io

Log Pressure (ksf)

Void Ratio - Log Pressure Curve

Inundate with
Tap water

Swell or Settlement LB-1, R-3 @ 7.5
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Project Name: Tested By: G. Bathala Date: 05/27/22

Project No.: Checked By: A. Santos Date: 06/01/22

Boring No.: LB-5 Sample Type: Ring

Sample No.: R-2 Depth (ft.) 5.0

Sample Description: Yellowish brown silty sand (SM)

Initial Dry Density (pcf): 115.2 Final Dry Density (pcf): 117.3

Initial Moisture (%): 2.21 Final Moisture (%) : 12.5

Initial Length (in.): 1.0000 Initial Void ratio: 0.4638

Initial Dial Reading: 0.0970 Specific Gravity(assumed): 2.70

Diameter(in): 2.415 Initial Saturation (%) 12.8

0.100 0.9997 0.00 -0.03 -0.03

0.600 0.9967 0.16 -0.33 -0.17

H2O 0.9837 0.16 -1.63 -1.47

 Percent Swell (+) / Settlement (-) After Inundation  = -1.30

 

0.4423

0.0973

0.1003

0.1133

Pressure (p)    
(ksf)

0.4633

0.4613

Final Reading   
(in)

Void Ratio      

Swell (+) 
Settlement (-)   
% of Sample 

Thickness

Load   
Compliance    

(%)

Apparent 
Thickness     

(in)

ONE-DIMENSIONAL SWELL OR SETTLEMENT
POTENTIAL OF COHESIVE SOILS

ASTM D 4546

Corrected 
Deformation   

(%)

Herron Victorville

13526.001

0.4400

0.4450

0.4500

0.4550

0.4600

0.4650

0.100 1.000 10.000

V
oi
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Log Pressure (ksf)

Void Ratio - Log Pressure Curve

Inundate with
Tap water

Swell or Settlement LB-5, R-2 @ 5
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Project Name: Herron Victorville Tested By : G. Berdy Date: 05/26/22

Project No. : 13526.001 Checked By: A. Santos Date: 06/05/22

Boring No. LB-2

Sample No. B-1

Sample Depth (ft) 0-5

203.58

203.34

62.97

0.17

100.27

402

2

860

7:00/7:45

45

22.4966

22.4929

0.0037

152.26

153

ml of Extract For Titration      (B) 15

ml of AgNO3 Soln. Used in Titration (C) 0.4

PPM of Chloride (C -0.2) * 100 * 30 / B 40

PPM of Chloride, Dry Wt. Basis 40

6.78
21.2

TESTS for SULFATE CONTENT

CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

pH TEST, DOT California Test  643

Furnace Temperature (°C)

Weight of Container (g)

Crucible No.

Wt. of Crucible + Residue (g)      

Dry Weight of Soil + Container (g)

Yellowish 
brown (SM)

Wet Weight of Soil + Container (g)

Temperature  °C
pH Value

Duration of Combustion (min)

Soil Identification:

Time In / Time Out

Wt. of  Residue (g)                     (A)      

CHLORIDE CONTENT, DOT California Test 422

Wt. of Crucible (g)      

PPM of Sulfate, Dry Weight Basis
PPM of Sulfate                 (A) x 41150

Weight of Soaked Soil (g)

Moisture Content (%)

Beaker No.

G Leighton 



Project Name: Tested By : Date:
Project No. : Checked By: A. Santos Date:
Boring No.: Depth (ft.) :     
Sample No. :
Soil Identification:*
*California Test 643 requires soil specimens to consist only of portions of samples passing through the No. 8 US Standard Sieve before 
resistivity testing.  Therefore, this test method may not be representative for coarser materials. 

Wt. of Container     (g)15.56 11000

0.17
203.58

Moisture Content (%)  (MCi)
Wet Wt. of Soil + Cont. (g)

Specimen 
No.

1
2

Water 
Added (ml)  

(Wa)

20

Adjusted 
Moisture 
Content   

(MC) Dry Wt. of Soil + Cont. (g)
11000

1.000

Chloride Content
(ohm-cm)

Moisture Content Sulfate Content

5

Min. Resistivity

DOT CA Test 643DOT CA Test 417 Part II DOT CA Test 422

(%) (ppm) (ppm)

DOT CA Test 643

4

30
40 130.203 960030.95

9500

9410 25.5 153 40 6.78 21.2

SOIL RESISTIVITY TEST

DOT CA TEST 643

Temp. (°C)pH
Soil pH

9500
9600

203.34
62.97

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Herron Victorville 06/02/22
06/05/22

0-5
13526.001
LB-2

J. Domingo

B-1

Container No.
Initial Soil Wt. (g)   (Wt)
Box Constant

Yellowish brown (SM)

Resistance 
Reading 
(ohm)

23.25

Soil 
Resistivity 
(ohm-cm)

9200

9400

9600

9800

10000

10200

10400

10600

10800

11000

11200

15.0 20.0 25.0 30.0 35.0
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es
is

ti
vi
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m
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m
)

Moisture Content (%)
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Liquefaction Susceptibility Analysis: SPT Method Leighton
Youd and Idriss (2001), Martin and Lew (1999)

Description: Herron Victorville; Case 1; PGAm 0.55; design GW 302; No overex 0
Project No.: 13526.001

May 2022
General Boring Information:

Existing Design Design Overex. Ground design Boring Location General Parameters:
Boring GW GW Fill Height depth bgs Surface gw Coordinates amax = 0.55g

No. Depth (ft) Depth (ft) (ft) (ft) Elev (ft) elve X (ft) Y (ft) MW = 8.1

LB-1 118 302 0 3366 3064 128.59 -147.9 MSF eq: 1
LB-2 118 302 0 3371 3069 350.53 -432.9 MSF = 0.82
LB-3 118 302 0 3375.5 3073.5 176.6 -708.3 Hammer Efficiency = 84
LB-4 118 302 0 3378 3076 512.93 -925.3 CE = 1.40

LB-5 118 302 0 3383.5 3081.5 142.59 -1161 CB = 1

0 CS for SPT? TRUE

0 Unlined, but room for liner
0 Rod Stickup (feet) = 3
0 Ring sample correction = 0.65
0

0

0

0

0

0

0

0

Leighton Page 1 of 1



Summary of Liquefaction Susceptibility Analysis: SPT Method Leighton

Liquefaction Method: Youd and Idriss (2001). Seismic Settlement Method: Tokimatsu and Seed (1987) and Martin and Lew (1999). 
Project: Herron Victorville; Case 1; PGAm 0.55; design GW 302; No overex 0

Project No.: 13526.001

Boring 
No.

Approx. Layer 
Depth

SPT 
Depth

Approx 
Layer 
Thick- 
ness

Plasticity 
("n"=non 
susc. to 

liq.)
Estimated 
Fines Cont t

Nm 

or B 

Sampler 
Type 

(enter 2 if 
mod CA 

Ring) Cs

Nm 

(corrected 
for Cs and  
ring->SPT)

Exist 
vo' (N1)60 (N1)60CS CRR7.5

Design 
vo' CSR7.5 CSRM

Liquefaction 
Factor of 

Safety

(N1)60CS 

(for Settle-

ment)

Dry Sand 
Strain (%) 
(Tok/ Seed 

87)

Sat Sand 
Strain (%) 
(Tok/ Seed 

87)

Seismic 
Sett. of 
Layer

Cummulative 
Seismic 

Settlement

(ft) (ft) (ft) (%) (pcf) (blows/ft) (blows/ft) (psf) (psf) (blows/ft) (%) (%) (in.) (in.)

LB-1 0  to 3.8 2.5 3.8 25 120 41 2 1 26.7 300 47.6 57.3 >Range 300 0.36 0.43 NonLiq 57.3 0.01 0.00 0.7

LB-1 3.8  to 6.3 5 2.5 25 120 57 2 1 37.1 600 66.1 78.0 >Range 600 0.35 0.43 NonLiq 78.0 0.01 0.00 0.6

LB-1 6.3  to 8.8 7.5 2.5 25 120 13 2 1 8.5 900 14.4 20.4 0.220 900 0.35 0.43 NonLiq 20.4 0.14 0.04 0.6

LB-1 8.8  to 12.5 10 3.8 10 120 25 2 1 16.3 1200 25.5 26.9 0.336 1200 0.35 0.43 NonLiq 26.9 0.16 0.07 0.6

LB-1 12.5  to 17.5 15 5.0 10 120 96 2 1 62.4 1800 80.0 82.6 >Range 1800 0.34 0.42 NonLiq 82.6 0.01 0.01 0.5

LB-1 17.5  to 22.5 20 5.0 10 120 100 1 1.3 130.0 2400 161.3 165.6 >Range 2400 0.34 0.42 NonLiq 165.6 0.01 0.01 0.5

LB-1 22.5  to 27.5 25 5.0 10 120 59 2 1 38.4 3000 42.6 44.3 >Range 3000 0.34 0.41 NonLiq 44.3 0.03 0.02 0.5

LB-1 27.5  to 32.5 30 5.0 10 120 21 1 1.29 27.0 3600 28.8 30.3 >Range 3600 0.33 0.41 NonLiq 30.3 0.08 0.05 0.5

LB-1 32.5  to 37.5 35 5.0 10 120 27 2 1 17.6 4200 17.3 18.6 0.198 4200 0.32 0.39 NonLiq 18.6 0.38 0.23 0.4

LB-1 37.5  to 42.5 40 5.0 10 120 36 1 1.3 46.8 4800 43.2 45.0 >Range 4800 0.30 0.37 NonLiq 45.0 0.02 0.01 0.2

LB-1 42.5  to 47.5 45 5.0 10 120 50 2 1 32.5 5400 28.3 29.8 0.453 5400 0.29 0.35 NonLiq 29.8 0.17 0.10 0.2

LB-1 47.5  to 52.0 50 4.5 25 120 19 1 1.19 22.5 6000 18.6 25.0 0.293 6000 0.27 0.33 NonLiq 25.0 0.20 0.11 0.1

LB-2 0  to 3.8 2.5 3.8 25 120 39 2 1 25.4 300 45.2 54.7 >Range 300 0.36 0.43 NonLiq 54.7 0.01 0.00 0.1

LB-2 3.8  to 6.3 5 2.5 12 120 21 2 1 13.7 600 24.4 26.7 0.330 600 0.35 0.43 NonLiq 26.7 0.15 0.04 0.1

LB-2 6.3  to 8.8 7.5 2.5 25 120 45 2 1 29.3 900 49.9 59.9 >Range 900 0.35 0.43 NonLiq 59.9 0.01 0.00 0.1

LB-2 8.8  to 12.5 10 3.8 10 120 30 2 1 19.5 1200 30.6 32.1 >Range 1200 0.35 0.43 NonLiq 32.1 0.08 0.03 0.1

LB-2 12.5  to 17.5 15 5.0 10 120 37 1 1.3 48.1 1800 61.6 63.9 >Range 1800 0.34 0.42 NonLiq 63.9 0.01 0.01 0.0

LB-2 17.5  to 22.5 20 5.0 10 120 100 2 1 65.0 2400 80.6 83.2 >Range 2400 0.34 0.42 NonLiq 83.2 0.01 0.01 0.0

LB-2 22.5  to 27.5 25 5.0 10 120 42 1 1.3 54.6 3000 60.6 62.8 >Range 3000 0.34 0.41 NonLiq 62.8 0.02 0.01 0.0

LB-2 27.5  to 32.0 30 4.5 10 120 100 2 1 65.0 3600 69.3 71.7 >Range 3600 0.33 0.41 NonLiq 71.7 0.02 0.01 0.0

LB-3 0  to 3.8 2.5 3.8 28 120 30 2 1 19.5 300 34.8 44.2 >Range 300 0.36 0.43 NonLiq 44.2 0.01 0.00 0.0

LB-3 3.8  to 6.3 5 2.5 28 120 40 2 1 26.0 600 46.4 57.4 >Range 600 0.35 0.43 NonLiq 57.4 0.01 0.00 0.0

LB-3 6.3  to 8.8 7.5 2.5 28 120 46 2 1 29.9 900 51.0 62.6 >Range 900 0.35 0.43 NonLiq 62.6 0.01 0.00 0.0

LB-3 8.8  to 12.5 10 3.8 10 120 52 2 1 33.8 1200 53.1 55.1 >Range 1200 0.35 0.43 NonLiq 55.1 0.02 0.01 0.0

LB-3 12.5  to 17.5 15 5.0 10 120 84 2 1 54.6 1800 70.0 72.4 >Range 1800 0.34 0.42 NonLiq 72.4 0.01 0.01 0.0

LB-3 17.5  to 22.0 20 4.5 10 120 30 1 1.3 39.0 2400 48.4 50.3 >Range 2400 0.34 0.42 NonLiq 50.3 0.02 0.01 0.0

LB-4 0  to 3.8 2.5 3.8 30 120 38 2 1 24.7 300 44.1 55.6 >Range 300 0.36 0.43 NonLiq 55.6 0.01 0.00 0.3

LB-4 3.8  to 6.3 5 2.5 10 120 17 2 1 11.1 600 19.7 21.0 0.229 600 0.35 0.43 NonLiq 21.0 0.20 0.06 0.3

LB-4 6.3  to 8.8 7.5 2.5 10 120 46 2 1 29.9 900 51.0 53.0 >Range 900 0.35 0.43 NonLiq 53.0 0.01 0.00 0.3

LB-4 8.8  to 12.5 10 3.8 5 120 34 2 1 22.1 1200 34.7 34.7 >Range 1200 0.35 0.43 NonLiq 34.7 0.07 0.03 0.3

LB-4 12.5  to 17.5 15 5.0 5 120 100 1 1.3 130.0 1800 166.6 166.6 >Range 1800 0.34 0.42 NonLiq 166.6 0.01 0.00 0.2

LB-4 17.5  to 22.5 20 5.0 20 120 100 2 1 65.0 2400 80.6 90.7 >Range 2400 0.34 0.42 NonLiq 90.7 0.01 0.01 0.2

LB-4 22.5  to 27.5 25 5.0 35 120 32 1 1.3 41.6 3000 46.2 60.4 >Range 3000 0.34 0.41 NonLiq 60.4 0.02 0.01 0.2

LB-4 27.5  to 32.5 30 5.0 35 120 51 2 1 33.2 3600 35.3 47.4 >Range 3600 0.33 0.41 NonLiq 47.4 0.02 0.01 0.2
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LB-4 32.5  to 37.5 35 5.0 30 120 100 1 1.3 130.0 4200 128.3 152.8 >Range 4200 0.32 0.39 NonLiq 152.8 0.01 0.01 0.2

LB-4 37.5  to 42.5 40 5.0 45 120 30 2 1 19.5 4800 18.0 26.6 0.328 4800 0.30 0.37 NonLiq 26.6 0.18 0.11 0.2

LB-4 42.5  to 47.5 45 5.0 45 120 30 1 1.3 39.0 5400 34.0 45.7 >Range 5400 0.29 0.35 NonLiq 45.7 0.02 0.01 0.1

LB-4 47.5  to 52.0 50 4.5 45 120 43 2 1 28.0 6000 23.1 32.7 >Range 6000 0.27 0.33 NonLiq 32.7 0.09 0.05 0.0

LB-5 0  to 3.8 2.5 3.8 25 120 17 2 1 11.1 300 19.7 26.3 0.320 300 0.36 0.43 NonLiq 26.3 0.05 0.02 0.3

LB-5 3.8  to 6.3 5 2.5 20 120 16 2 1 10.4 600 18.6 23.7 0.267 600 0.35 0.43 NonLiq 23.7 0.17 0.05 0.2

LB-5 6.3  to 8.8 7.5 2.5 20 120 12 2 1 7.8 900 13.3 18.0 0.192 900 0.35 0.43 NonLiq 18.0 0.26 0.08 0.2

LB-5 8.8  to 12.5 10 3.8 10 120 25 2 1 16.3 1200 25.5 26.9 0.336 1200 0.35 0.43 NonLiq 26.9 0.16 0.07 0.1

LB-5 12.5  to 17.5 15 5.0 10 120 48 2 1 31.2 1800 40.0 41.7 >Range 1800 0.34 0.42 NonLiq 41.7 0.02 0.01 0.0

LB-5 17.5  to 22.5 20 5.0 25 120 70 1 1.3 91.0 2400 112.9 130.2 >Range 2400 0.34 0.42 NonLiq 130.2 0.01 0.01 0.0

LB-5 22.5  to 27.5 25 5.0 25 120 100 2 1 65.0 3000 72.1 84.7 >Range 3000 0.34 0.41 NonLiq 84.7 0.02 0.01 0.0

LB-5 27.5  to 32.0 30 4.5 25 120 33 1 1.3 42.9 3600 45.7 55.3 >Range 3600 0.33 0.41 NonLiq 55.3 0.02 0.01 0.0
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Latitude, Longitude: 34.4685, -117.4247

Date 5/11/2022, 4:17:52 PM

Design Code Reference Document ASCE7-16

Risk Category II

Site Class D - Stiff Soil

Type Value Description
SS 1.423 MCER ground motion. (for 0.2 second period)

S1 0.553 MCER ground motion. (for 1.0s period)

SMS 1.423 Site-modified spectral acceleration value

SM1 null -See Section 11.4.8 Site-modified spectral acceleration value

SDS 0.949 Numeric seismic design value at 0.2 second SA

SD1 null -See Section 11.4.8 Numeric seismic design value at 1.0 second SA

Type Value Description
SDC null -See Section 11.4.8 Seismic design category

Fa 1 Site amplification factor at 0.2 second

Fv null -See Section 11.4.8 Site amplification factor at 1.0 second

PGA 0.5 MCEG peak ground acceleration

FPGA 1.1 Site amplification factor at PGA

PGAM 0.55 Site modified peak ground acceleration

TL 12 Long-period transition period in seconds

SsRT 1.423 Probabilistic risk-targeted ground motion. (0.2 second)

SsUH 1.533 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration

SsD 1.5 Factored deterministic acceleration value. (0.2 second)

S1RT 0.553 Probabilistic risk-targeted ground motion. (1.0 second)

S1UH 0.609 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.

S1D 0.6 Factored deterministic acceleration value. (1.0 second)

PGAd 0.5 Factored deterministic acceleration value. (Peak Ground Acceleration)

CRS 0.928 Mapped value of the risk coefficient at short periods

CR1 0.908 Mapped value of the risk coefficient at a period of 1 s
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DISCLAIMER

While the information presented on this website is believed to be correct, SEAOC /OSHPD and its sponsors and contributors assume no responsibility or
liability for its accuracy. The material presented in this web application should not be used or relied upon for any specific application without competent examination
and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. SEAOC / OSHPD do not intend that the use of this
information replace the sound judgment of such competent professionals, having experience and knowledge in the field of practice, nor to substitute for the
standard of care required of such professionals in interpreting and applying the results of the seismic data provided by this website. Users of the information from
this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible
for building code approval and interpretation for the building site described by latitude/longitude location in the search results of this website.

.................................... 



Unified Hazard Tool

 Input

U.S. Geological Survey - Earthquake Hazards Program

Please do not use this tool to obtain ground motion parameter values for the
design code
reference documents covered by the U.S. Seismic Design Maps web tools (e.g., the
International
Building Code and the ASCE 7 or 41 Standard). The values returned by the two
applications are not identical.



Edition

Dynamic: Conterminous U.S. 2014 (u…

Latitude
Decimal degrees

34.4685

Longitude
Decimal degrees, negative values for western longitudes

-117.4247

Site Class

259 m/s (Site class D)

Spectral Period

Peak Ground Acceleration

Time Horizon
Return period in years

2475

https://earthquake.usgs.gov/hazards/designmaps/


 Hazard Curve

View Raw Data

Hazard Curves

Time Horizon 2475 years
Peak Ground Acceleration
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Ground Motion (g): 0.6992
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https://earthquake.usgs.gov/nshmp-haz-ws/hazard/E2014B/WUS/-117.4247/34.4685/any/259


 Deaggregation

Component

Total

ε = (-∞ .. -2.5)
ε = [-2.5 .. -2)
ε = [-2 .. -1.5)
ε = [-1.5 .. -1)
ε = [-1 .. -0.5)
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Summary statistics for, Deaggregation: Total

Deaggregation targets

Return period: 2475 yrs
Exceedance rate: 0.0004040404 yr⁻¹
PGA ground motion: 0.69917613 g

Recovered targets

Return period: 3110.3139 yrs
Exceedance rate: 0.00032151095 yr⁻¹

Totals

Binned: 100 %
Residual: 0 %
Trace: 0.08 %

Mean (over all sources)

m: 7.29
r: 17.85 km
ε₀: 1.7 σ

Mode (largest m-r bin)

m: 7.9
r: 20.99 km
ε₀: 1.66 σ
Contribution: 22.51 %

Mode (largest m-r-ε₀ bin)

m: 7.89
r: 20.86 km
ε₀: 1.65 σ
Contribution: 17.66 %

Discretization

r: min = 0.0, max = 1000.0, Δ = 20.0 km
m: min = 4.4, max = 9.4, Δ = 0.2
ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys

ε0: [-∞ .. -2.5)
ε1: [-2.5 .. -2.0)
ε2: [-2.0 .. -1.5)
ε3: [-1.5 .. -1.0)
ε4: [-1.0 .. -0.5)
ε5: [-0.5 .. 0.0)
ε6: [0.0 .. 0.5)
ε7: [0.5 .. 1.0)
ε8: [1.0 .. 1.5)
ε9: [1.5 .. 2.0)
ε10: [2.0 .. 2.5)
ε11: [2.5 .. +∞]



Deaggregation Contributors

Source Set   Source Type r m ε0 lon lat az %

UC33brAvg_FM32 System 36.11
San Andreas (San Bernardino N) [0] 20.34 7.96 1.61 117.530°W 34.308°N 208.49 27.22
San Andreas (Mojave S) [14] 20.41 7.11 2.10 117.549°W 34.316°N 214.01 2.14
Cucamonga [0] 23.74 7.83 1.69 117.445°W 34.192°N 183.41 1.22
San Andreas (Mojave S) [13] 22.14 7.11 2.18 117.612°W 34.343°N 231.00 1.14
San Andreas (San Bernardino N) [1] 20.77 7.25 2.02 117.493°W 34.290°N 197.60 1.04

UC33brAvg_FM31 System 36.04
San Andreas (San Bernardino N) [0] 20.34 7.96 1.61 117.530°W 34.308°N 208.49 27.10
San Andreas (Mojave S) [14] 20.41 7.09 2.12 117.549°W 34.316°N 214.01 2.18
San Andreas (Mojave S) [13] 22.14 7.09 2.19 117.612°W 34.343°N 231.00 1.16
Cucamonga [0] 23.74 7.82 1.69 117.445°W 34.192°N 183.41 1.13
San Andreas (San Bernardino N) [1] 20.77 7.25 2.01 117.493°W 34.290°N 197.60 1.08

UC33brAvg_FM31 (opt) Grid 13.93
PointSourceFinite: -117.425, 34.536 8.44 5.85 1.63 117.425°W 34.536°N 0.00 2.55
PointSourceFinite: -117.425, 34.536 8.44 5.85 1.63 117.425°W 34.536°N 0.00 2.55
PointSourceFinite: -117.425, 34.509 6.52 5.81 1.36 117.425°W 34.509°N 0.00 2.11
PointSourceFinite: -117.425, 34.509 6.52 5.81 1.36 117.425°W 34.509°N 0.00 2.11

UC33brAvg_FM32 (opt) Grid 13.92
PointSourceFinite: -117.425, 34.536 8.44 5.85 1.63 117.425°W 34.536°N 0.00 2.54
PointSourceFinite: -117.425, 34.536 8.44 5.85 1.63 117.425°W 34.536°N 0.00 2.54
PointSourceFinite: -117.425, 34.509 6.52 5.81 1.36 117.425°W 34.509°N 0.00 2.11
PointSourceFinite: -117.425, 34.509 6.52 5.81 1.36 117.425°W 34.509°N 0.00 2.10
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LEIGHTON AND ASSOCIATES, INC. 
General Earthwork and Grading Specifications 
 
1.0 General 
 
 1.1 Intent:  These General Earthwork and Grading Specifications are for the grading and 

earthwork shown on the approved grading plan(s) and/or indicated in the 
geotechnical report(s).  These Specifications are a part of the recommendations 
contained in the geotechnical report(s).  In case of conflict, the specific 
recommendations in the geotechnical report shall supersede these more general 
Specifications.  Observations of the earthwork by the project Geotechnical 
Consultant during the course of grading may result in new or revised 
recommendations that could supersede these specifications or the recommendations 
in the geotechnical report(s).   

 
 1.2 The Geotechnical Consultant of Record:  Prior to commencement of work, the 

owner shall employ the Geotechnical Consultant of Record (Geotechnical 
Consultant).  The Geotechnical Consultants shall be responsible for reviewing the 
approved geotechnical report(s) and accepting the adequacy of the preliminary 
geotechnical findings, conclusions, and recommendations prior to the 
commencement of the grading. 

 
  Prior to commencement of grading, the Geotechnical Consultant shall review the 

"work plan" prepared by the Earthwork Contractor (Contractor) and schedule 
sufficient personnel to perform the appropriate level of observation, mapping, and 
compaction testing. 

 
  During the grading and earthwork operations, the Geotechnical Consultant shall 

observe, map, and document the subsurface exposures to verify the geotechnical 
design assumptions.  If the observed conditions are found to be significantly 
different than the interpreted assumptions during the design phase, the Geotechnical 
Consultant shall inform the owner, recommend appropriate changes in design to 
accommodate the observed conditions, and notify the review agency where required. 
 Subsurface areas to be geotechnically observed, mapped, elevations recorded, 
and/or tested include natural ground after it has been cleared for receiving fill but 
before fill is placed, bottoms of all "remedial removal" areas, all key bottoms, and 
benches made on sloping ground to receive fill. 

 
  The Geotechnical Consultant shall observe the moisture-conditioning and 

processing of the subgrade and fill materials and perform relative compaction 
testing of fill to determine the attained level of compaction.  The Geotechnical 
Consultant shall provide the test results to the owner and the Contractor on a routine 
and frequent basis. 
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LEIGHTON AND ASSOCIATES, INC. 
General Earthwork and Grading Specifications 
 
 1.3 The Earthwork Contractor:  The Earthwork Contractor (Contractor) shall be 

qualified, experienced, and knowledgeable in earthwork logistics, preparation and 
processing of ground to receive fill, moisture-conditioning and processing of fill, 
and compacting fill.  The Contractor shall review and accept the plans, geotechnical 
report(s), and these Specifications prior to commencement of grading.  The  

 
  Contractor shall be solely responsible for performing the grading in accordance with 

the plans and specifications. 
 
  The Contractor shall prepare and submit to the owner and the Geotechnical 

Consultant a work plan that indicates the sequence of earthwork grading, the 
number of "spreads" of work and the estimated quantities of daily earthwork 
contemplated for the site prior to commencement of grading.  The Contractor shall 
inform the owner and the Geotechnical Consultant of changes in work schedules 
and updates to the work plan at least 24 hours in advance of such changes so that 
appropriate observations and tests can be planned and accomplished.  The 
Contractor shall not assume that the Geotechnical Consultant is aware of all grading 
operations. 

 
  The Contractor shall have the sole responsibility to provide adequate equipment and 

methods to accomplish the earthwork in accordance with the applicable grading 
codes and agency ordinances, these Specifications, and the recommendations in the 
approved geotechnical report(s) and grading plan(s).  If, in the opinion of the 
Geotechnical Consultant, unsatisfactory conditions, such as unsuitable soil, 
improper moisture condition, inadequate compaction, insufficient buttress key size, 
adverse weather, etc., are resulting in a quality of work less than required in these 
specifications, the Geotechnical Consultant shall reject the work and may 
recommend to the owner that construction be stopped until the conditions are 
rectified. 

 
2.0 Preparation of Areas to be Filled 
 
 2.1 Clearing and Grubbing:  Vegetation, such as brush, grass, roots, and other 

deleterious material shall be sufficiently removed and properly disposed of in a 
method acceptable to the owner, governing agencies, and the Geotechnical 
Consultant. 

 
  The Geotechnical Consultant shall evaluate the extent of these removals depending 

on specific site conditions.  Earth fill material shall not contain more than 1 percent 
of organic materials (by volume).  No fill lift shall contain more than 5 percent of 
organic matter.  Nesting of the organic materials shall not be allowed. 
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LEIGHTON AND ASSOCIATES, INC. 
General Earthwork and Grading Specifications 
 
  If potentially hazardous materials are encountered, the Contractor shall stop work in 

the affected area, and a hazardous material specialist shall be informed immediately 
for proper evaluation and handling of these materials prior to continuing to work in 
that area. 

 
  As presently defined by the State of California, most refined petroleum products 

(gasoline, diesel fuel, motor oil, grease, coolant, etc.) have chemical constituents 
that are considered to be hazardous waste.   As such, the indiscriminate dumping or 
spillage of these fluids onto the ground may constitute a misdemeanor, punishable 
by fines and/or imprisonment, and shall not be allowed. 

 
 2.2 Processing:  Existing ground that has been declared satisfactory for support of fill by 

the Geotechnical Consultant shall be scarified to a minimum depth of 6 inches.  
Existing ground that is not satisfactory shall be overexcavated as specified in the 
following section.  Scarification shall continue until soils are broken down and free 
of large clay lumps or clods and the working surface is reasonably uniform, flat, and 
free of uneven features that would inhibit uniform compaction. 

 
 2.3 Overexcavation:  In addition to removals and overexcavations recommended in the 

approved geotechnical report(s) and the grading plan, soft, loose, dry, saturated, 
spongy, organic-rich, highly fractured or otherwise unsuitable ground shall be 
overexcavated to competent ground as evaluated by the Geotechnical Consultant 
during grading. 

 
 2.4 Benching:  Where fills are to be placed on ground with slopes steeper than 5:1 

(horizontal to vertical units), the ground shall be stepped or benched.  Please see the 
Standard Details for a graphic illustration.  The lowest bench or key shall be a 
minimum of 15 feet wide and at least 2 feet deep, into competent material as 
evaluated by the Geotechnical Consultant.  Other benches shall be excavated a 
minimum height of 4 feet into competent material or as otherwise recommended by 
the Geotechnical Consultant.  Fill placed on ground sloping flatter than 5:1 shall 
also be benched or otherwise overexcavated to provide a flat subgrade for the fill.   

 
 2.5 Evaluation/Acceptance of Fill Areas:  All areas to receive fill, including removal 

and processed areas, key bottoms, and benches, shall be observed, mapped, 
elevations recorded, and/or tested prior to being accepted by the Geotechnical 
Consultant as suitable to receive fill.  The Contractor shall obtain a written 
acceptance from the Geotechnical Consultant prior to fill placement.  A licensed 
surveyor shall provide the survey control for determining elevations of processed 
areas, keys, and benches. 
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3.0 Fill Material 
 
 3.1 General:  Material to be used as fill shall be essentially free of organic matter and 

other deleterious substances evaluated and accepted by the Geotechnical Consultant 
prior to placement.  Soils of poor quality, such as those with unacceptable gradation, 
high expansion potential, or low strength shall be placed in areas acceptable to the 
Geotechnical Consultant or mixed with other soils to achieve satisfactory fill 
material. 

 
 3.2 Oversize:  Oversize material defined as rock, or other irreducible material with a 

maximum dimension greater than 8 inches, shall not be buried or placed in fill 
unless location, materials, and placement methods are specifically accepted by the 
Geotechnical Consultant.  Placement operations shall be such that nesting of 
oversized material does not occur and such that oversize material is completely 
surrounded by compacted or densified fill.  Oversize material shall not be placed 
within 10 vertical feet of finish grade or within 2 feet of future utilities or 
underground construction. 

 
 3.3 Import:  If importing of fill material is required for grading, proposed import 

material shall meet the requirements of Section 3.1.  The potential import source 
shall be given to the Geotechnical Consultant at least 48 hours (2 working days) 
before importing begins so that its suitability can be determined and appropriate 
tests performed. 

 
4.0 Fill Placement and Compaction 
 
 4.1 Fill Layers:  Approved fill material shall be placed in areas prepared to receive fill 

(per Section 3.0) in near-horizontal layers not exceeding 8 inches in loose thickness. 
 The Geotechnical Consultant may accept thicker layers if testing indicates the 
grading procedures can adequately compact the thicker layers.  Each layer shall be 
spread evenly and mixed thoroughly to attain relative uniformity of material and 
moisture throughout. 

 
 4.2 Fill Moisture Conditioning:  Fill soils shall be watered, dried back, blended, and/or 

mixed, as necessary to attain a relatively uniform moisture content at or slightly over 
optimum.  Maximum density and optimum soil moisture content tests shall be 
performed in accordance with the American Society of Testing and Materials 
(ASTM Test Method D1557-91). 
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 4.3 Compaction of Fill:  After each layer has been moisture-conditioned, mixed, and 

evenly spread, it shall be uniformly compacted to not less than 90 percent of 
maximum dry density (ASTM Test Method D1557-91).  Compaction equipment 
shall be adequately sized and be either specifically designed for soil compaction or 
of proven reliability to efficiently achieve the specified level of compaction with 
uniformity. 

 
 4.4 Compaction of Fill Slopes:   In addition to normal compaction procedures specified 

above, compaction of slopes shall be accomplished by backrolling of slopes with 
sheepsfoot rollers at increments of 3 to 4 feet in fill elevation, or by other methods 
producing satisfactory results acceptable to the Geotechnical Consultant.  Upon 
completion of grading, relative compaction of the fill, out to the slope face, shall be 
at least 90 percent of maximum density per ASTM Test Method D1557-91. 

 
 4.5 Compaction Testing:  Field tests for moisture content and relative compaction of the 

fill soils shall be performed by the Geotechnical Consultant.  Location and 
frequency of tests shall be at the Consultant's discretion based on field conditions 
encountered.  Compaction test locations will not necessarily be selected on a 
random basis.  Test locations shall be selected to verify adequacy of compaction 
levels in areas that are judged to be prone to inadequate compaction (such as close 
to slope faces and at the fill/bedrock benches). 

 
 4.6 Frequency of Compaction Testing:  Tests shall be taken at intervals not exceeding 

2 feet in vertical rise and/or 1,000 cubic yards of compacted fill soils embankment.  
In addition, as a guideline, at least one test shall be taken on slope faces for each 
5,000 square feet of slope face and/or each 10 feet of vertical height of slope.  The 
Contractor shall assure that fill construction is such that the testing schedule can be 
accomplished by the Geotechnical Consultant.  The Contractor shall stop or slow 
down the earthwork construction if these minimum standards are not met.   

 
 4.7 Compaction Test Locations:  The Geotechnical Consultant shall document the 

approximate elevation and horizontal coordinates of each test location.  The 
Contractor shall coordinate with the project surveyor to assure that sufficient grade 
stakes are established so that the Geotechnical Consultant can determine the test 
locations with sufficient accuracy.  At a minimum, two grade stakes within a 
horizontal distance of 100 feet and vertically less than 5 feet apart from potential test 
locations shall be provided. 
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5.0 Subdrain Installation 
 
 Subdrain systems shall be installed in accordance with the approved geotechnical report(s), 

the grading plan, and the Standard Details.  The Geotechnical Consultant may recommend 
additional subdrains and/or changes in subdrain extent, location, grade, or material 
depending on conditions encountered during grading.  All subdrains shall be surveyed by a 
land surveyor/civil engineer for line and grade after installation and prior to burial.  
Sufficient time should be allowed by the Contractor for these surveys. 

 
6.0 Excavation 
 
 Excavations, as well as over-excavation for remedial purposes, shall be evaluated by the 

Geotechnical Consultant during grading.  Remedial removal depths shown on geotechnical 
plans are estimates only.  The actual extent of removal shall be determined by the 
Geotechnical Consultant based on the field evaluation of exposed conditions during 
grading.  Where fill-over-cut slopes are to be graded, the cut portion of the slope shall be 
made, evaluated, and accepted by the Geotechnical Consultant prior to placement of 
materials for construction of the fill portion of the slope, unless otherwise recommended by 
the Geotechnical Consultant. 

 
7.0 Trench Backfills 
 
 7.1 Safety:  The Contractor shall follow all OHSA and Cal/OSHA requirements for 

safety of trench excavations. 
 
 7.2 Bedding and Backfill:  All bedding and backfill of utility trenches shall be done in 

accordance with the applicable provisions of Standard Specifications of Public 
Works Construction.  Bedding material shall have a Sand Equivalent greater than 30 
(SE>30).  The bedding shall be placed to 1 foot over the top of the conduit and 
densified by jetting.  Backfill shall be placed and densified to a minimum of 
90 percent of maximum from 1 foot above the top of the conduit to the surface. 

 
  The Geotechnical Consultant shall test the trench backfill for relative compaction.  

At least one test should be made for every 300 feet of trench and 2 feet of fill. 
 
 7.3 Lift Thickness:  Lift thickness of trench backfill shall not exceed those allowed in 

the Standard Specifications of Public Works Construction unless the Contractor can 
demonstrate to the Geotechnical Consultant that the fill lift can be compacted to the 
minimum relative compaction by his alternative equipment and method. 

 
7.4 Observation and Testing:  The jetting of the bedding around the conduits shall be 

observed by the Geotechnical Consultant. 
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