


































































































































































































































































































































https://ww2.arb.ca.gov/resources/common-air-pollutants
https://ww2.arb.ca.gov/resources/common-air-pollutants


http://www3.aqmd.gov/hb/attachments/2011-2015/2012May/2012-May4-030.pdf


https://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2012-air-quality-management-plan/final-2012-aqmp-(february-2013)/main-document-final-2012.pdf
https://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2012-air-quality-management-plan/final-2012-aqmp-(february-2013)/main-document-final-2012.pdf
https://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2012-air-quality-management-plan/final-2012-aqmp-(february-2013)/main-document-final-2012.pdf








































































































































http://www.ninyoandmoore.com/






















































http://repositories.cdlib.org/postprints/2184
http://repositories.cdlib.org/postprints/2184
https://www.usgs.gov/natural-hazards/earthquake-hazards/faults
https://www.usgs.gov/natural-hazards/earthquake-hazards/faults
https://www.usgs.gov/glossary/earthquake-hazards-program


https://earthquake.usgs.gov/hazards/interactive/
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ASPHALT CONCRETE:
Approximately 2 inches thick.
AGGREGATE BASE:
Brown, moist, medium dense, well-graded GRAVEL with sand; approximately 3 inches
thick.
FILL:
Brown, moist, medium dense, silty SAND.
Yellowish brown, moist, medium dense, poorly graded SAND.
Light gray.

ALLUVIUM:
Brown, moist, loose, sandy SILT.
@ 10': Groundwater encountered during drilling.
Light brown, wet, firm, sandy lean CLAY.

Brown, wet, very loose, sandy SILT.

Medium dense; micaceous.

Loose.
Total Depth = 31.5 feet.
Groundwater encountered at approximately 10 feet during drilling.
Backfilled with bentonite-cement grout and patched with black dyed concrete on 4/7/22.

Notes:
Groundwater may rise to a level higher than that measured in borehole due to seasonal
variations in precipitation and several other factors as discussed in the report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.

FIGURE A- 3

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA

211897001  | 9/22

D
E

PT
H

 (f
ee

t)

Bu
lk

SA
M

PL
ES

D
riv

en

BL
O

W
S/

FO
O

T

M
O

IS
TU

R
E

 (%
)

D
R

Y
 D

EN
S

IT
Y

 (P
C

F)

SY
M

BO
L

C
LA

S
SI

FI
C

A
TI

O
N

U
.S

.C
.S

.

DESCRIPTION/INTERPRETATION

DATE DRILLED 4/7/22 BORING NO. B-2

GROUND ELEVATION 26' ± (MSL) SHEET 1 OF

METHOD OF DRILLING 8" Hollow Stem Auger (MR)

DRIVE WEIGHT 140 lbs (Auto. Trip Hammer) DROP 30"

SAMPLED BY KWK LOGGED BY KWK REVIEWED BY RDH

1

B-44
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JVin9o&)V\oore 
Gcotcchnical & Environmental Sciences Consultants 
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ASPHALT CONCRETE:
Approximately 3 inches thick.
AGGREGATE BASE:
Brown, moist, medium dense, well-graded GRAVEL with sand; approximately 3.5 inches
thick.
FILL:
Light brown, moist, medium dense, sandy SILT.

Light brown, moist, medium dense, poorly graded SAND; micaceous.

ALLUVIUM:
Brown, wet, medium dense, sandy SILT.
@ 10': Groundwater encountered during drilling.

Loose.

Medium dense.

Loose.

Medium dense.
Total Depth = 31.5 feet.
Groundwater encountered at approximately 10 feet during drilling.
Backfilled with bentonite-cement grout and patched with black dyed concrete on 4/7/22.

Notes:
Groundwater may rise to a level higher than that measured in borehole due to seasonal
variations in precipitation and several other factors as discussed in the report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.

FIGURE A- 4

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA
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DESCRIPTION/INTERPRETATION

DATE DRILLED 4/7/22 BORING NO. B-3

GROUND ELEVATION 28' ± (MSL) SHEET 1 OF

METHOD OF DRILLING 8" Hollow Stem Auger (MR)

DRIVE WEIGHT 140 lbs (Auto. Trip Hammer) DROP 30"

SAMPLED BY KWK LOGGED BY KWK REVIEWED BY RDH

1

B-45
JVin9o&)V\oore 
Gcotcchnical & Environmental Sciences Consultants 
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ASPHALT CONCRETE:
Approximately 2 inches thick.
AGGREGATE BASE:
Brown, moist, medium dense, well-graded GRAVEL with sand; approximately 2 inches
thick.
FILL:
Brown, moist, medium dense, sandy SILT with clay; micaceous.
Brown, moist, medium dense, silty SAND; micaceous.

ALLUVIUM:
Brown, moist, stiff, sandy lean CLAY; micaceous.

Brown, moist, medium dense, sandy SILT.

@ 16.5': Groundwater encountered during drilling.

Wet.

Loose; some clay.

Medium dense.
Total Depth = 31.5 feet.
Groundwater encountered at approximately 16.5 feet during drilling.
Backfilled with bentonite-cement grout and patched with black dyed concrete on 4/7/22.

Notes:
Groundwater may rise to a level higher than that measured in borehole due to seasonal
variations in precipitation and several other factors as discussed in the report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.

FIGURE A- 5

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA
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DESCRIPTION/INTERPRETATION

DATE DRILLED 4/6/22 BORING NO. B-4

GROUND ELEVATION 28' ± (MSL) SHEET 1 OF

METHOD OF DRILLING 8" Hollow Stem Auger (MR)

DRIVE WEIGHT 140 lbs (Auto. Trip Hammer) DROP 30"

SAMPLED BY KWK LOGGED BY KWK REVIEWED BY RDH

1

B-46
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ASPHALT CONCRETE:
Approximately 3 inches thick.
AGGREGATE BASE:
Brown, moist, medium dense, well-graded GRAVEL with sand; approximately 3 inches
thick.
FILL:
Light brown, moist, medium dense, silty SAND.

ALLUVIUM:
Brown, wet, firm, lean CLAY.

@ 10': Groundwater encountered during drilling.

Brown, wet, medium dense, sandy SILT; micaceous.

Clayey.

FIGURE A- 6

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA
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DESCRIPTION/INTERPRETATION

DATE DRILLED 4/8/22 BORING NO. B-5

GROUND ELEVATION 28' ± (MSL) SHEET 1 OF

METHOD OF DRILLING 8" Hollow Stem Auger (MR)

DRIVE WEIGHT 140 lbs (Auto. Trip Hammer) DROP 30"

SAMPLED BY KWK LOGGED BY KWK REVIEWED BY RDH

3
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ALLUVIUM: (Continued)
Brown, wet, medium dense, sandy SILT; micaceous.

Gray; very dense.

Gray, wet, very stiff, sandy lean CLAY; scattered shell fragments.

FIGURE A- 7

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA
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DESCRIPTION/INTERPRETATION

DATE DRILLED 4/8/22 BORING NO. B-5

GROUND ELEVATION 28' ± (MSL) SHEET 2 OF

METHOD OF DRILLING 8" Hollow Stem Auger (MR)

DRIVE WEIGHT 140 lbs (Auto. Trip Hammer) DROP 30"

SAMPLED BY KWK LOGGED BY KWK REVIEWED BY RDH

3

B-48
JVin9o&)V\oore 
Gcotcchnical & Environmental Sciences Consultants 



80

90

100

110

120

11

30"/30"

21

34

CL

ML

ALLUVIUM: (Continued)
Gray, wet, very stiff, sandy lean CLAY; scattered shell fragments.

Gray, wet, dense, sandy SILT.

Very dense.
Total Depth = 101.5 feet.
Groundwater encountered at approximately 10 feet during drilling.
Backfilled with bentonite-cement grout and patched with black dyed concrete on 4/7/22.

Notes:
Groundwater may rise to a level higher than that measured in borehole due to seasonal
variations in precipitation and several other factors as discussed in the report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.

FIGURE A- 8

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA

211897001  | 9/22

D
E

PT
H

 (f
ee

t)

Bu
lk

SA
M

PL
ES

D
riv

en

BL
O

W
S/

FO
O

T

M
O

IS
TU

R
E

 (%
)

D
R

Y
 D

EN
S

IT
Y

 (P
C

F)

SY
M

BO
L

C
LA

S
SI

FI
C

A
TI

O
N

U
.S

.C
.S

.

DESCRIPTION/INTERPRETATION

DATE DRILLED 4/8/22 BORING NO. B-5

GROUND ELEVATION 28' ± (MSL) SHEET 3 OF

METHOD OF DRILLING 8" Hollow Stem Auger (MR)

DRIVE WEIGHT 140 lbs (Auto. Trip Hammer) DROP 30"

SAMPLED BY KWK LOGGED BY KWK REVIEWED BY RDH

3
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SUMMARY 
 

OF 

CONE PENETRATION TEST DATA 

 
 
 

1. INTRODUCTION 
 
This report presents the results of a Cone Penetration Test (CPT) program carried out for the 
Los Alamitos High School project located in Los Alamitos, California.  The work was performed 
by Kehoe Testing & Engineering (KTE) on April 6, 2022.  The scope of work was performed as 
directed by Ninyo & Moore personnel. 
 

2. SUMMARY OF FIELD WORK 
 
The fieldwork consisted of performing CPT soundings at two locations to determine the soil 
lithology.  A summary is provided in TABLE 2.1. 
 

 

 
LOCATION 

 

DEPTH OF 
 CPT (ft) 

 

 
COMMENTS/NOTES: 

CPT-1 100  

CPT-2 100  

   

TABLE 2.1  -  Summary of CPT Soundings 

 

3. FIELD EQUIPMENT & PROCEDURES 
 
The CPT soundings were carried out by KTE using an integrated electronic cone system 
manufactured by Vertek.  The CPT soundings were performed in accordance with ASTM 
standards (D5778).  The cone penetrometers were pushed using a 30-ton CPT rig.  The cone 
used during the program was a 15 cm^2 cone with a cone net area ratio of 0.83.  The following 
parameters were recorded at approximately 2.5 cm depth intervals: 
 

• Cone Resistance (qc) • Inclination 

• Sleeve Friction (fs) • Penetration Speed 

• Dynamic Pore Pressure (u) • Pore Pressure Dissipation (at selected depths) 
 
At location CPT-1 shear wave measurements were obtained at approximately 10-foot intervals.  
The shear wave is generated using an air-actuated hammer, which is located inside the front 
jack of the CPT rig.  The cone has a triaxial geophone, which recorded the shear wave signal 
generated by the air hammer. 
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The above parameters were recorded and viewed in real time using a laptop computer.  Data is 
stored at the KTE office for up to 2 years for future analysis and reference.  A complete set of 
baseline readings was taken prior to each sounding to determine temperature shifts and any 
zero load offsets.  Monitoring base line readings ensures that the cone electronics are operating 
properly.  
 

4. CONE PENETRATION TEST DATA & INTERPRETATION 
 
The Cone Penetration Test data is presented in graphical form in the attached Appendix.  These 
plots were generated using the CPeT-IT program.  Penetration depths are referenced to ground 
surface.  The soil behavior type on the CPT plots is derived from the attached CPT SBT plot 
(Robertson, “Interpretation of Cone Penetration Test…”, 2009) and presents major soil lithologic 
changes.  The stratigraphic interpretation is based on relationships between cone resistance 
(qc), sleeve friction (fs), and penetration pore pressure (u).  The friction ratio (Rf), which is 
sleeve friction divided by cone resistance, is a calculated parameter that is used along with cone 
resistance to infer soil behavior type.  Generally, cohesive soils (clays) have high friction ratios, 
low cone resistance and generate excess pore water pressures.  Cohesionless soils (sands) 
have lower friction ratios, high cone bearing and generate little (or negative) excess pore water 
pressures. 
 
The CPT data files have also been provided.  These files can be imported in CPeT-IT (software 
by GeoLogismiki) and other programs to calculate various geotechnical parameters. 
 
It should be noted that it is not always possible to clearly identify a soil type based on qc, fs and 
u.  In these situations, experience, judgement and an assessment of the pore pressure data 
should be used to infer the soil behavior type. 
 
If you have any questions regarding this information, please do not hesitate to call our office at 
(714) 901-7270. 
  
Sincerely, 
 

KEHOE TESTING & ENGINEERING 
 
 
 
 

Steven P. Kehoe 
President               
 
04/13/22-kd-3948-1 
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Project: Ninyo & Moore / Los Alamitos High School

Kehoe Testing and Engineering

714-901-7270

steve@kehoetesting.com

www.kehoetesting.com

Total depth: 100.02 ft, Date: 4/6/2022Los Alamitos, CA
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CPeT-IT v.2.3.1.9 - CPTU data presentation & interpretation software - Report created on: 4/7/2022, 10:27:03 AM 1

Project file: 
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Project: Ninyo & Moore / Los Alamitos High School

Kehoe Testing and Engineering

714-901-7270

steve@kehoetesting.com

www.kehoetesting.com

Total depth: 100.34 ft, Date: 4/6/2022Los Alamitos, CA

 CPT-2

Location:
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Ninyo & Moore

Los Alamitos High School

Los Alamitos, CA

CPT Shear Wave Measurements

S-Wave Interval

Tip Geophone Travel S-Wave Velocity S-Wave

Depth Depth Distance Arrival from Surface Velocity

Location (ft) (ft) (ft) (msec) (ft/sec) (ft/sec)

CPT-1 10.04 9.04 9.26 14.88 622

20.14 19.14 19.24 33.08 582 549

30.02 29.02 29.09 49.12 592 614

40.16 39.16 39.21 64.00 613 680

50.69 49.69 49.73 78.16 636 743

60.04 59.04 59.07 91.20 648 717

70.05 69.05 69.08 103.20 669 834

80.12 79.12 79.15 116.44 680 760

90.16 89.16 89.18 127.40 700 916

100.00 99.00 99.02 137.14 722 1010

Shear Wave Source Offset - 2 ft

S-Wave Velocity from Surface = Travel Distance/S-Wave Arrival

Interval S-Wave Velocity = (Travel Dist2-Travel Dist1)/(Time2-Time1)
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TEST ID: CPT-2

PRESSURE 
(psi)

TIME: (MINUTES)
 0  2  4  6  8  10  12  14 

-6

-4

-2

0

2

4

6

8
DEPTH (ft)

38.609
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APPENDIX C 

LABORATORY TESTING 

Classification 
Soils were visually and texturally classified in accordance with the Unified Soil Classification 
System (USCS) in general accordance with ASTM D 2488. Soil classifications are indicated on 
the logs of the exploratory borings in Appendix A. 

In-Place Moisture and Density Tests 
The moisture content and dry density of relatively undisturbed samples obtained from the 
exploratory borings were evaluated in general accordance with ASTM D 2937. The test results 
are presented on the logs of the exploratory borings in Appendix A. 

200 Wash 
An evaluation of the percentage of minus-200 sieve material in selected soil samples was 
performed in general accordance with ASTM D 1140. The results of the tests are presented on 
Figure C-1. 

Atterberg Limits 
Tests were performed on selected representative fine-grained soil samples to evaluate the liquid 
limit, plastic limit, and plasticity index in general accordance with ASTM D 4318. The test results 
were utilized to evaluate the soil classification in accordance with the Unified Soil Classification 
System (USCS). The test results and classifications are shown on Figures C-2 and C-3. 

Consolidation Tests 
Consolidation tests were performed on selected relatively undisturbed soil samples in general 
accordance with ASTM D 2435. The samples were inundated during testing to represent adverse 
field conditions. The percent of consolidation for each load cycle was recorded as a ratio of the 
amount of vertical compression to the original height of the sample. The results of the tests are 
summarized on Figure C-4 and C-5. 

Direct Shear Tests 
Direct shear tests were performed on relatively undisturbed samples in general accordance with 
ASTM D 3080 to evaluate the shear strength characteristics of selected materials. The samples 
were inundated during shearing to represent adverse field conditions. The results are shown on 
Figures C-6 and C-7. 

Soil Corrosivity Tests 
Soil pH and minimum resistivity tests were performed on a representative soil sample in general 
accordance with California Test (CT) 643. The chloride content of the selected sample was 
evaluated in general accordance with CT 422. The sulfate content of the selected sample was 
evaluated in general accordance with CT 417. The test results are presented on Figure C-8. 
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PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 1140

ML75

SILT 

SILTY SAND

SILT

SILT 97 82 ML

SILT

ML

SM

58

15

ML

100

100

98

100 53

74 CL

ML

99 91

SM

10.0-11.5

5.0-6.5

5.0-6.5

15.0-16.5

B-3

100

 

B-4

B-5

B-1

B-2

B-1 25.0-26.5

USCS
SAMPLE 

LOCATION

SAMPLE 
DEPTH       

(ft)

PERCENT 
PASSING         
NO. 200

PERCENT 
PASSING         

NO. 4
DESCRIPTION (TOTAL

SAMPLE)

96 14SILTY SAND

  

LEAN CLAY

SILTB-5 60.0-61.5

B-5

80.0-81.5

20.0-21.5

NO. 200 SIEVE ANALYSIS TEST RESULTS

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA

211897001   |  9/22

FIGURE C-1

      211897001 Fig C-1_200-WASH @ B-1 -- B-5
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

NP - INDICATES NON-PLASTIC

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 4318
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211897001 Fig C-2_ATTERBERG @ B-1 -- B-5
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PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 4318
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211897001 Fig C-3_ATTERBERG @ B-1 25.0-26.5
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Seating Cycle Sample Location B-1
Loading Prior to Inundation Depth (ft) 17.0-19.5
Loading After Inundation Soil Type CL
Rebound Cycle

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 2435
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FIGURE C-4

      211897001 Fig C-4_CONSOLIDATION @ B-1  17.0-19.5
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Seating Cycle Sample Location B-5
Loading Prior to Inundation Depth (ft) 12.0-14.0
Loading After Inundation Soil Type CL
Rebound Cycle

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 2435
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FIGURE C-5

      211897001 Fig C-5_CONSOLIDATION @ B-5  12.0-14.0
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PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 3080
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DIRECT SHEAR TEST RESULTS 
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      211897001 Fig C-6_DIRECT SHEAR @ B-1  5.0-6.5
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PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 3080

  

SILT X Ultimate10.0-11.5B-2
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FIGURE C-7

DIRECT SHEAR TEST RESULTS 

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA

211897001   |  9/22

      211897001 Fig C-7_DIRECT SHEAR @ B-2  10.0-11.5
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1 
PERFORMED IN GENERAL ACCORDANCE WITH CALIFORNIA TEST METHOD 643

2 PERFORMED IN GENERAL ACCORDANCE WITH CALIFORNIA TEST METHOD 417
3 PERFORMED IN GENERAL ACCORDANCE WITH CALIFORNIA TEST METHOD 422

CHLORIDE         

CONTENT 3            

(ppm)
pH 1

SAMPLE
DEPTH (ft)

SAMPLE             
LOCATION

RESISTIVITY 1

(ohm-cm)

7.9 304,485 10 0.001

SULFATE CONTENT 2 

B-2 1.0-5.0

(ppm) (%)

CORROSIVITY TEST RESULTS

LOS ALAMITOS HIGH SCHOOL NEW GYMNASIUM
LOS ALAMITOS, CALIFORNIA

211897001   |  9/22

FIGURE C-8

      211897001 Fig C-8_CORROSIVITY @ B-2
B-71
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Site Specific Ground Motion Analysis 
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Los Alamitos High School
211897001

Compton Fault 5/22

CRS CR1

0.909 0.911

0.010 0.753 0.910 0.910 0.685 0.345 0.456

0.020 0.759 0.906 0.906 0.690 0.372 0.460

0.030 0.762 0.884 0.884 0.692 0.398 0.462

0.050 0.842 0.937 0.937 0.766 0.452 0.511

0.075 1.050 1.089 1.089 0.954 0.519 0.636

0.100 1.260 1.256 1.256 1.146 0.586 0.764

0.150 1.523 1.463 1.463 1.384 0.719 0.923

0.200 1.665 1.653 1.653 1.514 0.795 1.009

0.250 1.798 1.857 1.857 1.634 0.795 1.090

0.300 1.934 2.095 2.095 1.758 0.795 1.172

0.400 1.993 2.393 2.393 1.813 0.795 1.209

0.500 1.999 2.508 2.508 1.819 0.795 1.212

0.750 1.800 2.441 2.441 1.639 0.795 1.093

1.000 1.677 2.353 2.353 1.527 0.709 1.018

1.500 1.313 1.935 1.935 1.196 0.473 0.797

2.000 1.076 1.593 1.593 0.981 0.355 0.654

3.000 0.745 0.982 0.982 0.679 0.236 0.452

4.000 0.537 0.636 0.636 0.489 0.177 0.326

5.000 0.406 0.451 0.451 0.370 0.142 0.247

7.500 0.211 0.207 0.207 0.193 0.095 0.128

10.000 0.118 0.108 0.108 0.107 0.057 0.072

2%-in-50 
Years 

Probabilistic 
Spectrum

Probabilistic MCEr

84th 
Percentile 

Deterministic 
Spectrum

Scaled 
Deterministic 

Spectrum

Site-Specific 
MCEr

80% of 
Modified 
General 

Response 
Spectrum

Design 
Response 
Spectrum

0.685

0.690

0.692

0.766

0.954

0.679

1.146

1.384

1.514

1.634

1.758

1.813

Period 
(sec)

0.489

0.370

0.193

0.107

1.819

1.639

1.527

1.196

0.981
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Los Alamitos High School
211897001

Newport Inglewood Fault 5/22

CRS CR1

0.909 0.911

0.010 0.753 0.702 0.702 0.685 0.345 0.456

0.020 0.759 0.722 0.722 0.690 0.372 0.460

0.030 0.762 0.714 0.714 0.692 0.398 0.462

0.050 0.842 0.729 0.729 0.729 0.452 0.486

0.075 1.050 0.853 0.853 0.853 0.519 0.569

0.100 1.260 0.993 0.993 0.993 0.586 0.662

0.150 1.523 1.207 1.207 1.207 0.719 0.805

0.200 1.665 1.374 1.374 1.374 0.795 0.916

0.250 1.798 1.551 1.551 1.551 0.795 1.034

0.300 1.934 1.720 1.720 1.720 0.795 1.147

0.400 1.993 1.905 1.905 1.813 0.795 1.209

0.500 1.999 1.986 1.986 1.819 0.795 1.212

0.750 1.800 1.914 1.914 1.639 0.795 1.093

1.000 1.677 1.890 1.890 1.527 0.709 1.018

1.500 1.313 1.609 1.609 1.196 0.473 0.797

2.000 1.076 1.379 1.379 0.981 0.355 0.654

3.000 0.745 1.023 1.023 0.679 0.236 0.452

4.000 0.537 0.758 0.758 0.489 0.177 0.326

5.000 0.406 0.574 0.574 0.370 0.142 0.247

7.500 0.211 0.278 0.278 0.193 0.095 0.128

10.000 0.118 0.151 0.151 0.107 0.057 0.072

2%-in-50 
Years 

Probabilistic 
Spectrum

Probabilistic MCEr

84th 
Percentile 

Deterministic 
Spectrum

Scaled 
Deterministic 

Spectrum

Site-Specific 
MCEr

80% of 
Modified 
General 

Response 
Spectrum

Design 
Response 
Spectrum

0.685

0.690

0.692

0.766

0.954

0.679

1.146

1.384

1.514

1.634

1.758

1.813

Period 
(sec)

0.489

0.370

0.193

0.107

1.819

1.639

1.527

1.196

0.981
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Los Alamitos HS

211897001

lat 33.813297 long ‐118.068715

Source: Vs30, m/s Site Class
CPT Shear Wave Survey 217 D

CGS Map Viewer (2015) 228 D

use Vs30= 217 D

Z2.5 4.5 km

Z1.0 0.8 km

Faults for Deaggregation:
Compton Reference Newport Inglewood Reference

M 7.3 1 M 7.5 1

Type Thrust 2 Type Strike slip 4

dip 20 3 dip 90 4

dip direction NE 2 dip direction ‐
Hanging Wall Side Yes Hanging Wall Side ‐

ztop, km 5.2 3 ztop, km 0 3

zbot, km 15.6 3 zbot, km 15 3

rx, km 11.3 3 (measured) rx, km 6.8 4

rjb, km 0 calculated rjb, km 6.8

rrup, km 8.8 rrup, km 6.8

References:

1. United States Geological Survey, 2022, Unified Hazard Tool; https://earthquake.usgs.gov/hazards/interactive/.
2. United States Geological Survey, 2022, U.S. Quaternary Faults; 
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=5a6038b3a1684561a9b0aadf88412fcf.

3. United States Geological Survey, UCERF3 kmz file
4. United States Geological Survey, 2008, National Seismic Hazard Maps ‐ Fault Parameters, 
https://earthquake.usgs.gov/cfusion/hazfaults_2008_search/query_main.cfm

1 & confirmed by calculation 
from measured rx
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211897001 Los Alamitos High School  New Gynasium CPT-1

S‐Wave Interval

Tip Geophone Travel S‐Wave Velocity S‐Wave

Depth Depth Distance Arrival from Surface Velocity

Layer 
thicness d

d/v

(ft) (ft) (ft) (msec) (ft/sec) (ft/sec) (ft)

10.04 9.04 9.26 14.88 622

20.14 19.14 19.24 33.08 582 549 19.24 0.035075

30.02 29.02 29.09 49.12 592 614 9.84 0.01604

40.16 39.16 39.21 64.00 613 680 10.12 0.01488

50.69 49.69 49.73 78.16 636 743 10.52 0.01416

60.04 59.04 59.07 91.20 648 717 9.34 0.01304

70.05 69.05 69.08 103.20 669 834 10.01 0.012

80.12 79.12 79.15 116.44 680 760 10.07 0.01324

90.16 89.16 89.18 127.40 700 916 10.04 0.01096

100.00 99.00 99.02 137.14 722 1010 9.84 0.00974

99.02 0.139135

Vs30 = 712 (ft/sec) 217 (m/sec)
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Site data for Location: 33.813297, ‐118.068715

Source: CGS/Wills VS30 Map (2015)
 Type: Vs30
 Type Flag: Inferred
 Value: 228.2

Source: SCEC Community Velocity Model Version 4, Iteration 26, Basin Depth
 Type: Depth to Vs = 2.5 km/sec
 Type Flag: Inferred
 Value: 4.5

Source: SCEC Community Velocity Model Version 4, Iteration 26, Basin Depth
 Type: Depth to Vs = 1.0 km/sec
 Type Flag: Inferred
 Value: 0.8
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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

33.813297

Longitude
Decimal degrees, negative values for western longitudes

-118.068715

Site Class

259 m/s (Site class D)

Spectral Period

Peak Ground Acceleration

Time Horizon
Return period in years

2475

B-78
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 Hazard Curve

View Raw Data

Hazard Curves

Time Horizon 2475 years
Peak Ground Acceleration
0.10 Second Spectral Acceleration
0.20 Second Spectral Acceleration
0.30 Second Spectral Acceleration
0.50 Second Spectral Acceleration
0.75 Second Spectral Acceleration
1.00 Second Spectral Acceleration
2.00 Second Spectral Acceleration
3.00 Second Spectral Acceleration
4.00 Second Spectral Acceleration
5.00 Second Spectral Acceleration

1e-2 1e-1 1e+0

Ground Motion (g)

1e-12
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 Deaggregation

Component

Total

ε = (-∞ .. -2.5)
ε = [-2.5 .. -2)
ε = [-2 .. -1.5)
ε = [-1.5 .. -1)
ε = [-1 .. -0.5)
ε = [-0.5 .. 0)
ε = [0 .. 0.5)
ε = [0.5 .. 1)
ε = [1 .. 1.5)
ε = [1.5 .. 2)
ε = [2 .. 2.5)
ε = [2.5 .. +∞)

5
15

25
35

Closest Distance, rRup (km)

45
55

65
75

85
95

9
8.5

8
7.5

Magnitude (Mw)

7
6.5

6
5.5

5
4.5

5
10

%
 C

on
tr

ib
ut

io
n 

to
 H

az
ar

d
15

20
25

5
15

25
35

45
55

Closest Distance, rRup (km)
65

75
85

95

9
8.5

8
7.5

7
6.5

Magnitude (Mw)

6
5.5

5
4.5
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Summary statistics for, Deaggregation: Total

Deaggregation targets

Return period: 2475 yrs
Exceedance rate: 0.0004040404 yr⁻¹
PGA ground motion: 0.70720979 g

Recovered targets

Return period: 2915.2721 yrs
Exceedance rate: 0.00034302115 yr⁻¹

Totals

Binned: 100 %
Residual: 0 %
Trace: 0.06 %

Mean (over all sources)

m: 6.78
r: 11.2 km
ε₀: 1.32 σ

Mode (largest m-r bin)

m: 7.3
r: 10.77 km
ε₀: 0.94 σ
Contribution: 18.37 %

Mode (largest m-r-ε₀ bin)

m: 7.29
r: 8.18 km
ε₀: 0.7 σ
Contribution: 8.06 %

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 .. +∞]
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Deaggregation Contributors

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

UC33brAvg_FM32 System 33.57
Compton [0] 8.80 7.31 0.50 118.112°W 33.746°N 208.04 8.64
Newport-Inglewood alt 2 [3] 6.93 7.46 0.89 118.117°W 33.768°N 221.64 7.13
Puente Hills (Coyote Hills) [1] 12.11 7.29 1.41 118.034°W 33.912°N 16.10 3.47
Palos Verdes [10] 18.70 7.42 1.84 118.253°W 33.746°N 246.30 2.91
Anaheim [1] 7.31 6.90 0.94 118.024°W 33.846°N 48.71 2.69
Compton [1] 9.89 7.21 0.72 118.161°W 33.764°N 237.30 1.19
Puente Hills (Santa Fe Springs) [0] 14.22 7.71 1.37 118.083°W 33.935°N 354.54 1.03

UC33brAvg_FM31 System 32.64
Newport-Inglewood alt 1 [3] 6.94 7.47 0.87 118.118°W 33.768°N 222.54 9.56
Compton [0] 8.80 7.25 0.52 118.112°W 33.746°N 208.04 8.50
Palos Verdes [10] 18.70 7.27 1.92 118.253°W 33.746°N 246.30 2.86
Anaheim [1] 7.31 6.87 0.95 118.024°W 33.846°N 48.71 2.69
Puente Hills [1] 16.16 7.40 1.59 118.041°W 33.947°N 9.60 2.39

UC33brAvg_FM31 (opt) Grid 16.96
PointSourceFinite: -118.069, 33.845 6.18 5.64 1.38 118.069°W 33.845°N 0.00 3.66
PointSourceFinite: -118.069, 33.845 6.18 5.64 1.38 118.069°W 33.845°N 0.00 3.66
PointSourceFinite: -118.069, 33.872 8.05 5.68 1.66 118.069°W 33.872°N 0.00 1.81
PointSourceFinite: -118.069, 33.872 8.05 5.68 1.66 118.069°W 33.872°N 0.00 1.81

UC33brAvg_FM32 (opt) Grid 16.82
PointSourceFinite: -118.069, 33.845 6.18 5.64 1.38 118.069°W 33.845°N 0.00 3.44
PointSourceFinite: -118.069, 33.845 6.18 5.64 1.38 118.069°W 33.845°N 0.00 3.44
PointSourceFinite: -118.069, 33.872 8.06 5.68 1.67 118.069°W 33.872°N 0.00 1.80
PointSourceFinite: -118.069, 33.872 8.06 5.68 1.67 118.069°W 33.872°N 0.00 1.80
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7.3

8.80

0.00

11.30

999

217

0

1

0

1

20

5.2

999

0.8

4.5

30
measured

no

California

Period (sec) Sa (g) Period (sec) Sa (g) Period (sec) Sa (g) Period (sec) Sa (g)

0.01 0.610 0.01 0.468 0.01 0.501 0.01 0.509
0.02 0.613 0.02 0.472 0.02 0.478 0.02 0.501
0.03 0.604 0.03 0.477 0.03 0.460 0.03 0.462
0.05 0.618 0.05 0.523 0.05 0.488 0.05 0.461

0.075 0.692 0.075 0.604 0.075 0.575 0.075 0.521
0.1 0.774 0.1 0.685 0.1 0.694 0.1 0.608

0.15 0.902 0.15 0.728 0.15 0.854 0.15 0.809
0.2 1.059 0.2 0.793 0.2 0.968 0.2 0.980

0.25 1.199 0.25 0.863 0.25 1.022 0.25 1.151
0.3 1.289 0.3 0.955 0.3 1.086 0.3 1.332
0.4 1.370 0.4 1.103 0.4 1.069 0.4 1.518
0.5 1.402 0.5 1.159 0.5 1.029 0.5 1.466

0.75 1.279 0.75 1.123 0.75 0.861 0.75 1.174
1 1.122 1 0.939 1 0.855 1 0.958

1.5 0.833 1.5 0.737 1.5 0.743 1.5 0.694
2 0.655 2 0.614 2 0.641 2 0.485
3 0.347 3 0.349 3 0.440 3 0.281
4 0.196 4 0.223 4 0.308 4 0.176
5 0.121 5 0.143 5 0.225 5 0.134

7.5 0.048 7.5 0.062 7.5 0.107 7.5 0.073
10 0.024 10 0.031 10 0.057 10 0.043

Period Sa Period Sa Period Sa Period Sa

0.01 0.948 0.01 0.707 0.01 0.869 0.01 0.806
0.02 0.955 0.02 0.713 0.02 0.858 0.02 0.790
0.03 0.946 0.03 0.723 0.03 0.844 0.03 0.721
0.05 0.960 0.05 0.806 0.05 0.944 0.05 0.719

0.075 1.055 0.075 0.962 0.075 1.157 0.075 0.817
0.1 1.168 0.1 1.097 0.1 1.395 0.1 0.950

0.15 1.358 0.15 1.134 0.15 1.636 0.15 1.243
0.2 1.610 0.2 1.223 0.2 1.734 0.2 1.495

0.25 1.849 0.25 1.335 0.25 1.787 0.25 1.760
0.3 2.016 0.3 1.520 0.3 1.901 0.3 2.063
0.4 2.204 0.4 1.843 0.4 1.892 0.4 2.441
0.5 2.316 0.5 2.016 0.5 1.845 0.5 2.409

0.75 2.232 0.75 2.124 0.75 1.590 0.75 2.007
1 2.039 1 1.837 1 1.679 1 1.706

1.5 1.589 1.5 1.486 1.5 1.476 1.5 1.305
2 1.284 2 1.243 2 1.281 2 0.949
3 0.688 3 0.712 3 0.893 3 0.554
4 0.390 4 0.441 4 0.625 4 0.344
5 0.239 5 0.285 5 0.455 5 0.263

7.5 0.094 7.5 0.125 7.5 0.212 7.5 0.144
10 0.048 10 0.062 10 0.108 10 0.085

FNM:

Chiou & Youngs (2014)
Deterministic Seismic Hazard Analysis Output (84th Percentile)

Campbell & Bozorgnia (2014)

Deterministic Seismic Hazard Analysis Output (50th Percentile)

ZHYP (km):

W (km):

Chiou & Youngs (2014)

VS30 (m/sec):

RX (km):

Ry0 (km):

Abrahamson et al. (2014)

Deterministic Seismic Hazard Analysis Input 

ZTOR (km):

Vs30Flag:

FAS:

MW:

Campbell & Bozorgnia (2014)

RRUP (km):

Dip (deg):

Z2.5 (km):

Z1.0 (km):

RJB (km):

Compton

U:

FRV:

FHW:

Abrahamson et al. (2014)

Region

Boore et al. (2014)

Boore et al. (2014)
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7.5

6.80

6.80

6.80

999

217

0

0

0

0

90

0

999

0.8

4.5

15
measured

no

California

Period (sec) Sa (g) Period (sec) Sa (g) Period (sec) Sa (g) Period (sec) Sa (g)

0.01 0.427 0.01 0.380 0.01 0.406 0.01 0.369
0.02 0.486 0.02 0.384 0.02 0.387 0.02 0.367
0.03 0.486 0.03 0.386 0.03 0.379 0.03 0.349
0.05 0.442 0.05 0.405 0.05 0.404 0.05 0.356

0.075 0.515 0.075 0.475 0.075 0.465 0.075 0.404
0.1 0.596 0.1 0.546 0.1 0.546 0.1 0.478

0.15 0.715 0.15 0.630 0.15 0.677 0.15 0.666
0.2 0.840 0.2 0.682 0.2 0.777 0.2 0.819

0.25 0.944 0.25 0.785 0.25 0.809 0.25 0.941
0.3 1.006 0.3 0.861 0.3 0.842 0.3 1.046
0.4 1.057 0.4 0.949 0.4 0.826 0.4 1.118
0.5 1.073 0.5 0.982 0.5 0.808 0.5 1.070

0.75 0.976 0.75 0.890 0.75 0.693 0.75 0.870
1 0.854 1 0.825 1 0.682 1 0.723

1.5 0.643 1.5 0.677 1.5 0.613 1.5 0.559
2 0.523 2 0.571 2 0.556 2 0.420
3 0.352 3 0.400 3 0.430 3 0.290
4 0.231 4 0.274 4 0.336 4 0.224
5 0.151 5 0.194 5 0.265 5 0.176

7.5 0.064 7.5 0.085 7.5 0.140 7.5 0.100
10 0.034 10 0.043 10 0.078 10 0.060

Period Sa Period Sa Period Sa Period Sa

0.01 0.671 0.01 0.582 0.01 0.704 0.01 0.601
0.02 0.766 0.02 0.587 0.02 0.695 0.02 0.594
0.03 0.770 0.03 0.593 0.03 0.696 0.03 0.558
0.05 0.695 0.05 0.631 0.05 0.780 0.05 0.563

0.075 0.796 0.075 0.764 0.075 0.934 0.075 0.637
0.1 0.913 0.1 0.883 0.1 1.098 0.1 0.750

0.15 1.095 0.15 0.992 0.15 1.298 0.15 1.029
0.2 1.300 0.2 1.064 0.2 1.392 0.2 1.262

0.25 1.482 0.25 1.229 0.25 1.415 0.25 1.467
0.3 1.601 0.3 1.389 0.3 1.475 0.3 1.667
0.4 1.726 0.4 1.602 0.4 1.462 0.4 1.862
0.5 1.795 0.5 1.725 0.5 1.448 0.5 1.822

0.75 1.719 0.75 1.699 0.75 1.279 0.75 1.531
1 1.560 1 1.624 1 1.339 1 1.316

1.5 1.231 1.5 1.369 1.5 1.218 1.5 1.061
2 1.027 2 1.156 2 1.113 2 0.824
3 0.699 3 0.816 3 0.874 3 0.572
4 0.460 4 0.543 4 0.683 4 0.437
5 0.298 5 0.387 5 0.536 5 0.346

7.5 0.126 7.5 0.172 7.5 0.279 7.5 0.197
10 0.066 10 0.087 10 0.150 10 0.119

FNM:

Chiou & Youngs (2014)
Deterministic Seismic Hazard Analysis Output (84th Percentile)

Campbell & Bozorgnia (2014)

Deterministic Seismic Hazard Analysis Output (50th Percentile)

ZHYP (km):

W (km):

Chiou & Youngs (2014)

VS30 (m/sec):

RX (km):

Ry0 (km):

Abrahamson et al. (2014)

Deterministic Seismic Hazard Analysis Input 

ZTOR (km):

Vs30Flag:

FAS:

MW:

Campbell & Bozorgnia (2014)

RRUP (km):

Dip (deg):

Z2.5 (km):

Z1.0 (km):

RJB (km):

Newport Inglewood

U:

FRV:

FHW:

Abrahamson et al. (2014)

Region

Boore et al. (2014)

Boore et al. (2014)
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Site Param List: Site Param List: Site Param List: Site Param List:

Longitude  ‐118.06872 Longitude  ‐118.06872 Longitude  ‐118.06872 Longitude  ‐118.06872
Latitude  33.813297 Latitude  33.813297 Latitude  33.813297 Latitude  33.813297

Vs30  217 Vs30  217 Vs30  217 Vs30  217

Vs30 Type  Measured Vs30 Type  Measured Vs30 Type  Measured Vs30 Type  Measured

Depth 1.0 km/sec (m) 800 Depth 1.0 km/sec (m) 800 Depth 1.0 km/sec (m) 800 Depth 1.0 km/sec (m) 800

Depth 2.5 km/sec (km)4.5 Depth 2.5 km/sec (km) 4.5 Depth 2.5 km/sec (km) 4.5 Depth 2.5 km/sec (km) 4.5

50

 True 
1

 Def. Model Mean 
Both

FALSE

Include

Point Sources
 False 
1

Poisson

100

0.02

 Mean UCERF3 
(POISSON ONLY) Both FM Branch Averaged
 False 
0

 Active Shallow Crust 
RotD50

 Total
(Disabled)

 IML@Prob 

 Chiou & Youngs (2014)  Campbell & Bozorgnia (2014) Abrahamson et al. (2014)

IMR Param List:

Gaussian Truncation 

Boore et al. (2014)

None

Tectonic Region 
Component 
Std Dev Type 
Additional Epistemic Uncertainty
IML/Prob Param List: 

Map Type 
Probability 
Forecast Param List: 

Eqk Rup Forecast 
Mean UCERF3 Presets 
Apply Aftershock Filter 
Aleatory Mag‐Area StdDev 
Background Seismicity 
Treat Background Seismicity As
Use Quad Surfaces (otherwise gridded) 
Fault Grid Spacing 
Probability Model 
Sect Upper Depth Averaging Tolerance (km)

Duration (Years)

Use Mean Upper Depth 
Rup Mag Averaging Tolerance 
Rupture Rake To Use 
Fault Model(s) 
Ignore Cache 
TimeSpan Param List: 
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Period (sec) Sa (g) Period (sec) Sa (g) Period (sec) Sa (g) Period (sec) Sa (g)

0.01 0.697 0.01 0.563 0.01 0.772 0.01 0.725
0.02 0.702 0.02 0.566 0.02 0.791 0.02 0.721
0.03 0.713 0.03 0.576 0.03 0.812 0.03 0.690
0.05 0.768 0.05 0.638 0.05 0.983 0.05 0.714

0.075 0.909 0.075 0.837 0.075 1.332 0.075 0.818
0.1 1.067 0.1 1.040 0.1 1.595 0.1 0.974

0.15 1.305 0.15 1.216 0.15 1.723 0.15 1.344
0.2 1.536 0.2 1.307 0.2 1.614 0.2 1.620

0.25 1.712 0.25 1.438 0.25 1.541 0.25 1.799
0.3 1.802 0.3 1.619 0.3 1.542 0.3 1.941
0.4 1.841 0.4 1.676 0.4 1.444 0.4 2.025
0.5 1.820 0.5 1.721 0.5 1.391 0.5 1.923

0.75 1.591 0.75 1.621 0.75 1.136 0.75 1.528
1 1.367 1 1.379 1 1.156 1 1.269

1.5 1.029 1.5 1.039 1.5 0.926 1.5 0.974
2 0.829 2 0.823 2 0.810 2 0.730
3 0.513 3 0.542 3 0.607 3 0.474
4 0.319 4 0.362 4 0.475 4 0.343
5 0.202 5 0.258 5 0.380 5 0.271

7.5 0.084 7.5 0.122 7.5 0.223 7.5 0.173
10 0.044 10 0.059 10 0.125 10 0.118

Probabilistic Seismic Hazard Analysis (2% in 50 years)
Abrahamson et al. (2014)Chiou & Youngs (2014) Campbell & Bozorgnia (2014) Boore et al. (2014)
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Los Alamitos High School

211897001 Plate A-1

Hole No.=CPT-1    Water Depth=10 ft    Surface Elev.=28 Magnitude=7.3

Acceleration=0.685g

(ft)
0

15

30

45

60

75

90

105

Shear Stress Ratio

CRR              CSR  fs1
Shaded Zone has Liquefaction Potential

0 1
Settlement

Saturated
Unsaturat.

S = 4.54 in.

0 (in.) 10

fs1=1.30
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Liquefy.sum
    
******************************************************************************************
*************
                                          LIQUEFACTION ANALYSIS SUMMARY                
                                         Copyright by CivilTech Software     
                                               www.civiltech.com                 
    
******************************************************************************************
*************
 Font: Courier New, Regular, Size 8 is recommended for this report.
   Licensed to , 5/25/2022 2:42:15 PM

 Input File Name: G:\Projects\200000 - Irvine\211850 - 
211899\211897\211897001\Electronic Project File\Data Analysis & 
Calculations\Liquefaction\CPT-1 Los Alamitos HS Liquefy starting at 5'.liq
 Title:  Los Alamitos High School
 Subtitle:  211897001

 Surface Elev.=28
 Hole No.=CPT-1
 Depth of Hole= 100.00 ft
 Water Table during Earthquake= 10.00 ft
 Water Table during In-Situ Testing= 10.00 ft
 Max. Acceleration= 0.69 g
 Earthquake Magnitude= 7.30

 Input Data:
 Surface Elev.=28
 Hole No.=CPT-1
 Depth of Hole=100.00 ft
 Water Table during Earthquake= 10.00 ft
 Water Table during In-Situ Testing= 10.00 ft
 Max. Acceleration=0.69 g
 Earthquake Magnitude=7.30
 No-Liquefiable Soils:   CL, OL are Non-Liq. Soil   

 1. CPT Calculation Method: Modify Robertson*
 2. Settlement Analysis Method: Tokimatsu/Seed
 3. Fines Correction for Liquefaction: Stark/Olson et al.*
 4. Fine Correction for Settlement: During Liquefaction*
 5. Settlement Calculation in: All zones*
 9. User request factor of safety (apply to CSR) ,   User= 1.3
    Plot one CSR curve (fs1=User)
 10. Use Curve Smoothing: Yes*
 * Recommended Options

 In-Situ Test Data:
       Depth qc fs Rf gamma Fines D50
      ft atm atm pcf % mm
 __________________________________________________
       0.00 -999.00 -999.00 100.00 120.00 * 0.50
       6.96 91.18 0.47 0.51 120.00 * 0.50
       9.06 14.51 0.21 1.44 120.00 * 0.50
       11.18 9.71 0.16 1.62 120.00 * 0.50
       13.26 9.84 0.32 3.21 120.00 * 0.50
       15.35 13.47 0.35 2.57 120.00 * 0.50
       17.47 11.66 0.32 2.76 120.00 * 0.50
       19.61 12.78 0.22 1.75 120.00 * 0.50
       21.69 76.94 1.67 2.17 120.00 * 0.50
       23.76 15.20 0.34 2.22 120.00 * 0.50
       25.86 14.51 0.34 2.37 120.00 * 0.50
       27.96 17.27 0.34 1.96 120.00 * 0.50
       30.12 11.74 0.13 1.14 120.00 * 0.50
       32.23 27.54 0.52 1.88 120.00 * 0.50
       34.34 43.17 0.89 2.07 120.00 * 0.50
       36.42 123.10 1.37 1.12 120.00 * 0.50
       38.55 19.86 0.74 3.72 120.00 * 0.50
       40.66 69.77 1.83 2.62 120.00 * 0.50
       42.73 48.18 1.24 2.58 120.00 * 0.50
       44.81 40.93 2.19 5.36 120.00 * 0.50

Page 1
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Liquefy.sum
       46.92 51.12 2.37 4.64 120.00 * 0.50
       49.04 170.50 2.18 1.28 120.00 * 0.50
       51.12 43.61 1.48 3.40 120.00 * 0.50
       53.21 125.10 1.63 1.30 120.00 * 0.50
       55.31 37.65 1.47 3.91 120.00 * 0.50
       57.41 16.58 0.57 3.45 120.00 * 0.50
       59.61 50.00 1.60 3.19 120.00 * 0.50
       61.70 93.95 0.81 0.87 120.00 * 0.50
       63.80 144.70 1.86 1.29 120.00 * 0.50
       65.88 204.80 2.65 1.29 120.00 * 0.50
       67.98 110.00 2.56 2.33 120.00 * 0.50
       70.08 20.90 1.06 5.07 120.00 * 0.50
       72.20 92.91 1.81 1.94 120.00 * 0.50
       74.34 67.09 1.66 2.47 120.00 * 0.50
       86.39 63.64 2.12 3.33 120.00 * 0.50
       95.54 290.90 1.83 0.63 120.00 * 0.50
       97.66 374.00 2.03 0.54 120.00 * 0.50
       99.74 411.90 0.00 0.00 120.00 * 0.50
 __________________________________________________
 * Modify Robertson method generates Fines from qc/fs. Inputted Fines are not 
relevant.

Output Results:
 Settlement of Saturated Sands=3.46 in.
 Settlement of Unsaturated Sands=1.08 in.
 Total Settlement of Saturated and Unsaturated Sands=4.54 in.
 Differential Settlement=2.271 to 2.998 in.

         Depth CRRm CSRfs F.S. S_sat. S_dry S_all
       ft  in. in. in.
 _______________________________________________________
       0.00 2.00 0.58 5.00 3.46 1.08 4.54
       1.00 2.00 0.58 5.00 3.46 1.08 4.54
       2.00 2.00 0.58 5.00 3.46 1.08 4.54
       3.00 2.00 0.57 5.00 3.46 1.08 4.54
       4.00 2.00 0.57 5.00 3.46 1.08 4.54
       5.00 2.00 0.57 5.00 3.46 1.08 4.54
       6.00 0.23 0.57 5.00 3.46 0.82 4.28
       7.00 0.34 0.57 5.00 3.46 0.66 4.12
       8.00 0.14 0.57 5.00 3.46 0.45 3.91
       9.00 0.19 0.57 5.00 3.46 0.38 3.84
       10.00 0.11 0.57 0.19* 3.46 0.00 3.46
       11.00 2.00 0.59 5.00 3.39 0.00 3.39
       12.00 2.00 0.62 5.00 3.39 0.00 3.39
       13.00 2.00 0.64 5.00 3.39 0.00 3.39
       14.00 2.00 0.66 5.00 3.39 0.00 3.39
       15.00 2.00 0.68 5.00 3.39 0.00 3.39
       16.00 2.00 0.69 5.00 3.39 0.00 3.39
       17.00 2.00 0.71 5.00 3.39 0.00 3.39
       18.00 2.00 0.72 5.00 3.39 0.00 3.39
       19.00 2.00 0.73 5.00 3.39 0.00 3.39
       20.00 2.00 0.75 5.00 3.39 0.00 3.39
       21.00 0.37 0.76 0.49* 3.34 0.00 3.34
       22.00 0.27 0.77 0.36* 3.27 0.00 3.27
       23.00 0.21 0.78 0.27* 3.18 0.00 3.18
       24.00 2.00 0.78 5.00 3.16 0.00 3.16
       25.00 2.00 0.79 5.00 3.16 0.00 3.16
       26.00 2.00 0.80 5.00 3.16 0.00 3.16
       27.00 2.00 0.81 5.00 3.16 0.00 3.16
       28.00 2.00 0.81 5.00 3.16 0.00 3.16
       29.00 2.00 0.82 5.00 3.16 0.00 3.16
       30.00 2.00 0.82 5.00 3.16 0.00 3.16
       31.00 2.00 0.82 5.00 3.16 0.00 3.16
       32.00 0.18 0.82 0.22* 3.16 0.00 3.16
       33.00 2.00 0.82 5.00 3.11 0.00 3.11
       34.00 2.00 0.82 5.00 3.11 0.00 3.11
       35.00 0.22 0.82 0.27* 2.99 0.00 2.99
       36.00 0.36 0.82 0.44* 2.86 0.00 2.86
       37.00 2.00 0.81 5.00 2.74 0.00 2.74
       38.00 0.21 0.81 0.26* 2.67 0.00 2.67
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       39.00 2.00 0.81 5.00 2.64 0.00 2.64
       40.00 2.00 0.81 5.00 2.64 0.00 2.64
       41.00 0.16 0.80 0.20* 2.59 0.00 2.59
       42.00 2.00 0.80 5.00 2.55 0.00 2.55
       43.00 0.30 0.79 0.38* 2.50 0.00 2.50
       44.00 0.51 0.79 0.64* 2.44 0.00 2.44
       45.00 2.00 0.79 5.00 2.40 0.00 2.40
       46.00 0.30 0.78 0.39* 2.33 0.00 2.33
       47.00 2.00 0.78 5.00 2.25 0.00 2.25
       48.00 2.00 0.77 5.00 2.25 0.00 2.25
       49.00 0.44 0.77 0.57* 2.20 0.00 2.20
       50.00 0.29 0.76 0.39* 2.09 0.00 2.09
       51.00 0.29 0.75 0.39* 1.94 0.00 1.94
       52.00 2.00 0.75 5.00 1.94 0.00 1.94
       53.00 0.19 0.74 0.25* 1.85 0.00 1.85
       54.00 2.00 0.74 5.00 1.77 0.00 1.77
       55.00 0.22 0.73 0.30* 1.72 0.00 1.72
       56.00 2.00 0.73 5.00 1.71 0.00 1.71
       57.00 2.00 0.72 5.00 1.71 0.00 1.71
       58.00 2.00 0.71 5.00 1.71 0.00 1.71
       59.00 2.00 0.71 5.00 1.71 0.00 1.71
       60.00 2.00 0.70 5.00 1.64 0.00 1.64
       61.00 2.00 0.69 5.00 1.60 0.00 1.60
       62.00 2.00 0.69 5.00 1.47 0.00 1.47
       63.00 0.31 0.68 0.45* 1.35 0.00 1.35
       64.00 0.26 0.67 0.38* 1.23 0.00 1.23
       65.00 0.33 0.67 0.50* 1.12 0.00 1.12
       66.00 0.57 0.66 0.86* 1.03 0.00 1.03
       67.00 0.34 0.65 0.52* 0.99 0.00 0.99
       68.00 0.30 0.65 0.47* 0.87 0.00 0.87
       69.00 0.21 0.64 0.33* 0.78 0.00 0.78
       70.00 2.00 0.63 5.00 0.69 0.00 0.69
       71.00 2.00 0.62 5.00 0.69 0.00 0.69
       72.00 0.19 0.62 0.31* 0.53 0.00 0.53
       73.00 2.00 0.61 5.00 0.41 0.00 0.41
       74.00 0.17 0.60 0.28* 0.39 0.00 0.39
       75.00 2.00 0.59 5.00 0.29 0.00 0.29
       76.00 2.00 0.59 5.00 0.29 0.00 0.29
       77.00 2.00 0.59 5.00 0.29 0.00 0.29
       78.00 2.00 0.59 5.00 0.29 0.00 0.29
       79.00 2.00 0.58 5.00 0.29 0.00 0.29
       80.00 2.00 0.58 5.00 0.29 0.00 0.29
       81.00 2.00 0.58 5.00 0.29 0.00 0.29
       82.00 2.00 0.58 5.00 0.29 0.00 0.29
       83.00 2.00 0.58 5.00 0.29 0.00 0.29
       84.00 2.00 0.58 5.00 0.29 0.00 0.29
       85.00 2.00 0.57 5.00 0.29 0.00 0.29
       86.00 0.21 0.57 0.36* 0.28 0.00 0.28
       87.00 0.21 0.57 0.37* 0.22 0.00 0.22
       88.00 2.00 0.57 5.00 0.14 0.00 0.14
       89.00 2.00 0.57 5.00 0.14 0.00 0.14
       90.00 2.00 0.56 5.00 0.14 0.00 0.14
       91.00 2.00 0.56 5.00 0.14 0.00 0.14
       92.00 2.00 0.56 5.00 0.14 0.00 0.14
       93.00 2.00 0.56 5.00 0.14 0.00 0.14
       94.00 2.00 0.56 5.00 0.14 0.00 0.14
       95.00 0.35 0.55 0.64* 0.07 0.00 0.07
       96.00 1.22 0.55 2.20 0.00 0.00 0.00
       97.00 1.44 0.55 2.61 0.00 0.00 0.00
       98.00 0.86 0.55 1.57 0.00 0.00 0.00
       99.00 0.95 0.54 1.74 0.00 0.00 0.00
       100.00 2.00 0.54 5.00 0.00 0.00 0.00
 _______________________________________________________
 * F.S.<1, Liquefaction Potential Zone
   (F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

  Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); Unit Weight = pcf; 
Depth = ft; Settlement = in. 
 

____________________________________________________________________________________
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 1 atm (atmosphere) = 1 tsf (ton/ft2)
   CRRm  Cyclic resistance ratio from soils
   CSRsf Cyclic stress ratio induced by a given earthquake (with user 
request factor of safety)
   F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRsf
   S_sat Settlement from saturated sands
   S_dry Settlement from Unsaturated Sands
   S_all Total Settlement from Saturated and Unsaturated Sands
   NoLiq No-Liquefy Soils
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CivilTech Corporation

LIQUEFACTION ANALYSIS
Los Alamitos High School

211897001 Plate A-1

Hole No.=CPT-2    Water Depth=10 ft    Surface Elev.=28 Magnitude=7.3

Acceleration=0.685g
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Liquefy.sum
    
******************************************************************************************
*************
                                          LIQUEFACTION ANALYSIS SUMMARY                
                                         Copyright by CivilTech Software     
                                               www.civiltech.com                 
    
******************************************************************************************
*************
 Font: Courier New, Regular, Size 8 is recommended for this report.
   Licensed to , 5/25/2022 2:10:08 PM

 Input File Name: G:\Projects\200000 - Irvine\211850 - 
211899\211897\211897001\Electronic Project File\Data Analysis & 
Calculations\Liquefaction\CPT-2 Los Alamitos HS LiquefyPro starting at 5'.liq
 Title:  Los Alamitos High School
 Subtitle:  211897001

 Surface Elev.=28
 Hole No.=CPT-2
 Depth of Hole= 100.00 ft
 Water Table during Earthquake= 10.00 ft
 Water Table during In-Situ Testing= 10.00 ft
 Max. Acceleration= 0.69 g
 Earthquake Magnitude= 7.30

 Input Data:
 Surface Elev.=28
 Hole No.=CPT-2
 Depth of Hole=100.00 ft
 Water Table during Earthquake= 10.00 ft
 Water Table during In-Situ Testing= 10.00 ft
 Max. Acceleration=0.69 g
 Earthquake Magnitude=7.30
 No-Liquefiable Soils:   CL, OL are Non-Liq. Soil   

 1. CPT Calculation Method: Modify Robertson*
 2. Settlement Analysis Method: Tokimatsu/Seed
 3. Fines Correction for Liquefaction: Stark/Olson et al.*
 4. Fine Correction for Settlement: During Liquefaction*
 5. Settlement Calculation in: All zones*
 9. User request factor of safety (apply to CSR) ,   User= 1.3
    Plot one CSR curve (fs1=User)
 10. Use Curve Smoothing: Yes*
 * Recommended Options

 In-Situ Test Data:
       Depth qc fs Rf gamma Fines D50
      ft atm atm pcf % mm
 __________________________________________________
       0.00 -999.00 -999.00 100.00 120.00 * 0.50
       5.84 54.49 0.47 0.86 120.00 * 0.50
       6.79 10.53 0.33 3.16 120.00 * 0.50
       7.71 7.25 0.32 4.38 120.00 * 0.50
       8.61 9.07 0.27 3.01 120.00 * 0.50
       9.53 6.13 0.12 1.90 120.00 * 0.50
       10.44 10.71 0.28 2.59 120.00 * 0.50
       11.35 10.45 0.38 3.67 120.00 * 0.50
       12.29 11.83 0.39 3.27 120.00 * 0.50
       13.20 10.10 0.39 3.88 120.00 * 0.50
       14.12 10.71 0.40 3.77 120.00 * 0.50
       15.05 11.48 0.37 3.25 120.00 * 0.50
       15.97 10.10 0.47 4.66 120.00 * 0.50
       16.89 8.55 0.21 2.49 120.00 * 0.50
       17.79 8.29 0.28 3.40 120.00 * 0.50
       18.70 12.43 0.70 5.66 120.00 * 0.50
       19.64 44.21 2.27 5.13 120.00 * 0.50
       20.57 46.71 1.63 3.49 120.00 * 0.50
       21.46 19.60 0.64 3.27 120.00 * 0.50
       22.41 12.00 0.44 3.68 120.00 * 0.50
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       23.30 11.66 0.33 2.83 120.00 * 0.50
       24.22 12.26 0.32 2.65 120.00 * 0.50
       25.14 13.90 0.26 1.84 120.00 * 0.50
       26.07 15.89 0.68 4.26 120.00 * 0.50
       26.99 15.37 0.69 4.46 120.00 * 0.50
       27.90 16.58 0.60 3.60 120.00 * 0.50
       28.81 13.12 0.39 2.94 120.00 * 0.50
       29.75 16.15 0.73 4.52 120.00 * 0.50
       30.69 53.88 0.59 1.10 120.00 * 0.50
       31.58 13.12 0.66 5.03 120.00 * 0.50
       32.51 22.36 1.06 4.73 120.00 * 0.50
       33.41 70.20 1.90 2.71 120.00 * 0.50
       34.33 141.70 1.48 1.04 120.00 * 0.50
       35.27 123.56 1.92 1.55 120.00 * 0.50
       36.17 95.50 1.35 1.41 120.00 * 0.50
       37.10 30.22 1.48 4.88 120.00 * 0.50
       38.01 71.58 1.58 2.21 120.00 * 0.50
       38.92 44.21 1.58 3.57 120.00 * 0.50
       39.84 25.04 1.10 4.40 120.00 * 0.50
       40.76 69.34 1.66 2.40 120.00 * 0.50
       41.67 221.74 2.72 1.23 120.00 * 0.50
       42.62 104.39 2.94 2.82 120.00 * 0.50
       43.51 62.00 2.19 3.53 120.00 * 0.50
       44.44 147.57 1.59 1.07 120.00 * 0.50
       45.34 33.42 0.72 2.15 120.00 * 0.50
       46.26 35.23 2.26 6.42 120.00 * 0.50
       47.19 124.60 1.58 1.27 120.00 * 0.50
       48.10 142.30 1.77 1.25 120.00 * 0.50
       49.05 39.89 1.97 4.94 120.00 * 0.50
       49.94 60.70 1.59 2.62 120.00 * 0.50
       50.88 50.51 1.76 3.48 120.00 * 0.50
       51.78 92.91 1.78 1.92 120.00 * 0.50
       52.71 71.06 1.99 2.81 120.00 * 0.50
       53.61 150.33 2.25 1.49 120.00 * 0.50
       54.53 83.50 3.02 3.62 120.00 * 0.50
       55.45 171.23 3.17 1.85 120.00 * 0.50
       56.40 220.10 2.64 1.20 120.00 * 0.50
       57.29 96.19 2.33 2.42 120.00 * 0.50
       58.21 30.14 1.25 4.15 120.00 * 0.50
       59.13 69.25 2.02 2.92 120.00 * 0.50
       60.06 203.09 2.72 1.34 120.00 * 0.50
       60.96 169.85 3.33 1.96 120.00 * 0.50
       61.88 155.77 2.48 1.59 120.00 * 0.50
       62.81 118.12 1.64 1.39 120.00 * 0.50
       63.72 131.85 1.61 1.22 120.00 * 0.50
       64.64 72.45 2.59 3.57 120.00 * 0.50
       65.77 216.04 3.22 1.49 120.00 * 0.50
       66.70 253.52 3.30 1.30 120.00 * 0.50
       67.61 249.03 3.39 1.36 120.00 * 0.50
       68.52 244.02 3.22 1.32 120.00 * 0.50
       69.44 241.17 2.86 1.19 120.00 * 0.50
       70.38 251.62 3.02 1.20 120.00 * 0.50
       71.28 251.62 3.08 1.23 120.00 * 0.50
       72.19 282.70 3.81 1.35 120.00 * 0.50
       73.14 302.22 3.78 1.25 120.00 * 0.50
       74.03 307.31 3.78 1.23 120.00 * 0.50
       74.94 332.87 3.57 1.07 120.00 * 0.50
       75.87 273.03 2.71 0.99 120.00 * 0.50
       76.78 237.89 2.58 1.08 120.00 * 0.50
       77.73 213.97 2.27 1.06 120.00 * 0.50
       78.62 243.03 2.59 1.07 120.00 * 0.50
       79.53 231.67 2.65 1.14 120.00 * 0.50
       80.47 252.31 2.61 1.04 120.00 * 0.50
       81.38 136.26 1.44 1.06 120.00 * 0.50
       88.00 87.30 2.05 2.34 120.00 * 0.50
       90.06 143.40 3.09 2.15 120.00 * 0.50
 __________________________________________________
 * Modify Robertson method generates Fines from qc/fs. Inputted Fines are not 
relevant.
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Output Results:
 Settlement of Saturated Sands=2.60 in.
 Settlement of Unsaturated Sands=0.20 in.
 Total Settlement of Saturated and Unsaturated Sands=2.80 in.
 Differential Settlement=1.401 to 1.849 in.

         Depth CRRm CSRfs F.S. S_sat. S_dry S_all
       ft  in. in. in.
 _______________________________________________________
       0.00 2.00 0.58 5.00 2.60 0.20 2.80
       1.00 2.00 0.58 5.00 2.60 0.20 2.80
       2.00 2.00 0.58 5.00 2.60 0.20 2.80
       3.00 2.00 0.57 5.00 2.60 0.20 2.80
       4.00 2.00 0.57 5.00 2.60 0.20 2.80
       5.00 2.00 0.57 5.00 2.60 0.20 2.80
       6.00 0.18 0.57 5.00 2.60 0.08 2.69
       7.00 2.00 0.57 5.00 2.60 0.00 2.60
       8.00 2.00 0.57 5.00 2.60 0.00 2.60
       9.00 2.00 0.57 5.00 2.60 0.00 2.60
       10.00 2.00 0.57 5.00 2.60 0.00 2.60
       11.00 2.00 0.59 5.00 2.60 0.00 2.60
       12.00 2.00 0.62 5.00 2.60 0.00 2.60
       13.00 2.00 0.64 5.00 2.60 0.00 2.60
       14.00 2.00 0.66 5.00 2.60 0.00 2.60
       15.00 2.00 0.68 5.00 2.60 0.00 2.60
       16.00 2.00 0.69 5.00 2.60 0.00 2.60
       17.00 2.00 0.71 5.00 2.60 0.00 2.60
       18.00 2.00 0.72 5.00 2.60 0.00 2.60
       19.00 2.00 0.73 5.00 2.60 0.00 2.60
       20.00 0.82 0.75 1.11 2.60 0.00 2.60
       21.00 2.00 0.76 5.00 2.55 0.00 2.55
       22.00 2.00 0.77 5.00 2.55 0.00 2.55
       23.00 2.00 0.78 5.00 2.55 0.00 2.55
       24.00 2.00 0.78 5.00 2.55 0.00 2.55
       25.00 2.00 0.79 5.00 2.55 0.00 2.55
       26.00 2.00 0.80 5.00 2.55 0.00 2.55
       27.00 2.00 0.81 5.00 2.55 0.00 2.55
       28.00 2.00 0.81 5.00 2.55 0.00 2.55
       29.00 2.00 0.82 5.00 2.55 0.00 2.55
       30.00 2.00 0.82 5.00 2.55 0.00 2.55
       31.00 0.25 0.82 0.31* 2.44 0.00 2.44
       32.00 2.00 0.82 5.00 2.43 0.00 2.43
       33.00 0.28 0.82 0.34* 2.43 0.00 2.43
       34.00 0.30 0.82 0.36* 2.32 0.00 2.32
       35.00 0.48 0.82 0.59* 2.22 0.00 2.22
       36.00 0.25 0.82 0.31* 2.17 0.00 2.17
       37.00 2.00 0.81 5.00 2.11 0.00 2.11
       38.00 0.25 0.81 0.30* 2.10 0.00 2.10
       39.00 2.00 0.81 5.00 2.03 0.00 2.03
       40.00 0.20 0.81 0.25* 2.02 0.00 2.02
       41.00 0.33 0.80 0.41* 1.90 0.00 1.90
       42.00 0.76 0.80 0.96* 1.87 0.00 1.87
       43.00 2.00 0.79 5.00 1.87 0.00 1.87
       44.00 0.32 0.79 0.41* 1.83 0.00 1.83
       45.00 2.00 0.79 5.00 1.74 0.00 1.74
       46.00 2.00 0.78 5.00 1.74 0.00 1.74
       47.00 0.20 0.78 0.26* 1.73 0.00 1.73
       48.00 0.37 0.77 0.48* 1.61 0.00 1.61
       49.00 2.00 0.77 5.00 1.52 0.00 1.52
       50.00 0.34 0.76 0.45* 1.51 0.00 1.51
       51.00 2.00 0.75 5.00 1.45 0.00 1.45
       52.00 0.23 0.75 0.31* 1.37 0.00 1.37
       53.00 0.22 0.74 0.29* 1.31 0.00 1.31
       54.00 0.42 0.74 0.57* 1.21 0.00 1.21
       55.00 0.57 0.73 0.78* 1.19 0.00 1.19
       56.00 0.84 0.73 1.16 1.18 0.00 1.18
       57.00 0.39 0.72 0.55* 1.15 0.00 1.15
       58.00 2.00 0.71 5.00 1.10 0.00 1.10
       59.00 2.00 0.71 5.00 1.10 0.00 1.10
       60.00 0.53 0.70 0.76* 1.05 0.00 1.05
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       61.00 0.50 0.69 0.72* 1.02 0.00 1.02
       62.00 0.33 0.69 0.49* 0.98 0.00 0.98
       63.00 0.23 0.68 0.34* 0.85 0.00 0.85
       64.00 0.25 0.67 0.37* 0.71 0.00 0.71
       65.00 2.00 0.67 5.00 0.64 0.00 0.64
       66.00 0.70 0.66 1.05 0.60 0.00 0.60
       67.00 0.80 0.65 1.22 0.60 0.00 0.60
       68.00 0.74 0.65 1.15 0.60 0.00 0.60
       69.00 0.62 0.64 0.97* 0.60 0.00 0.60
       70.00 0.71 0.63 1.13 0.58 0.00 0.58
       71.00 0.62 0.62 1.00* 0.57 0.00 0.57
       72.00 0.86 0.62 1.39 0.56 0.00 0.56
       73.00 1.01 0.61 1.66 0.56 0.00 0.56
       74.00 1.00 0.60 1.66 0.56 0.00 0.56
       75.00 1.08 0.59 1.82 0.56 0.00 0.56
       76.00 0.64 0.59 1.09 0.55 0.00 0.55
       77.00 0.48 0.59 0.82* 0.51 0.00 0.51
       78.00 0.45 0.59 0.76* 0.43 0.00 0.43
       79.00 0.54 0.58 0.93* 0.38 0.00 0.38
       80.00 0.48 0.58 0.82* 0.33 0.00 0.33
       81.00 0.52 0.58 0.90* 0.29 0.00 0.29
       82.00 2.00 0.58 5.00 0.21 0.00 0.21
       83.00 2.00 0.58 5.00 0.21 0.00 0.21
       84.00 2.00 0.58 5.00 0.21 0.00 0.21
       85.00 2.00 0.57 5.00 0.21 0.00 0.21
       86.00 2.00 0.57 5.00 0.21 0.00 0.21
       87.00 2.00 0.57 5.00 0.21 0.00 0.21
       88.00 0.22 0.57 0.39* 0.18 0.00 0.18
       89.00 0.23 0.57 0.41* 0.14 0.00 0.14
       90.00 0.30 0.56 0.52* 0.02 0.00 0.02
       91.00 2.00 0.56 5.00 0.01 0.00 0.01
       92.00 2.00 0.56 5.00 0.01 0.00 0.01
       93.00 2.00 0.56 5.00 0.01 0.00 0.01
       94.00 2.00 0.56 5.00 0.01 0.00 0.01
       95.00 2.00 0.55 5.00 0.01 0.00 0.01
       96.00 2.00 0.55 5.00 0.01 0.00 0.01
       97.00 2.00 0.55 5.00 0.00 0.00 0.00
       98.00 2.00 0.55 5.00 0.00 0.00 0.00
       99.00 2.00 0.54 5.00 0.00 0.00 0.00
       100.00 2.00 0.54 5.00 0.00 0.00 0.00
 _______________________________________________________
 * F.S.<1, Liquefaction Potential Zone
   (F.S. is limited to 5, CRR is limited to 2, CSR is limited to 2)

  Units: Unit: qc, fs, Stress or Pressure = atm (1.0581tsf); Unit Weight = pcf; 
Depth = ft; Settlement = in. 
 

____________________________________________________________________________________
 1 atm (atmosphere) = 1 tsf (ton/ft2)
   CRRm  Cyclic resistance ratio from soils
   CSRsf Cyclic stress ratio induced by a given earthquake (with user 
request factor of safety)
   F.S. Factor of Safety against liquefaction, F.S.=CRRm/CSRsf
   S_sat Settlement from saturated sands
   S_dry Settlement from Unsaturated Sands
   S_all Total Settlement from Saturated and Unsaturated Sands
   NoLiq No-Liquefy Soils
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Estimate bearing capacity and soil dynamic settlement for strip footing in liquefiable soil

Los Alamitos High School, Proj. No. 211897001

Reference: Bouckovalas, G. and Dakoulas, P., 2007, Liquefaction performance of shallow 
foundations in presence of a soil crust, 4th ICEGE Invited Lecture, edited by K.D. Pitilakis

Footing Depth, B (ft) = 2
Footing contact pressure, q (psf) = 3000
Soil Crust, Cu (psf) = 1000
Soil Crust, Thickness H (ft) = 30
Soil Crust, buoyant unit weight ' (pcf) = 52.6 Soil Crust total unit weight (pcf) = 115
Liqufiable soil, o(deg) = 30

Thickness of liquefied soil, Z (ft)= 45
Liqufiable soil, vo'at depth B below soil crust (psf)= 2307.2

Liqufiable soil, vinduced by q at depth B below soil crust (psf)= 100

Estimated dynamic settlement , dyn(ft) = 0.007045

PGA, amax (ft/s^2) = 22.057

Number of cycles, N = 12.8
Predominant period, T (sec) = 0.35

a = 1-250(dyn/B)^2 = 0.996898 a = 1-250(rdyn/B)^2 = 0.997058 a = 1-250(rdyn/B)^2 = 0.84375

U = 0.977742 U = 0.977819 U = 0.904349
 = 0.74 (deg) f = 0.733703 (deg) f = 3.160884 (deg)
N = 0.1 Ng-f = 0.1 Ng-f = 0.2

Nq = 1.1 Nq-f = 1.1 Nq-f = 1.3

FScdeg = 10.05435 FScdeg = 10.05435 FScdeg = 10.16131
FSdeg = 1.713333 FSdeg = 1.713333 FSdeg = 1.713333
o = 2.258278 (ft) ro = 2.258278 (ft) ro = 2.258278 (ft)
dyn = 0.007045 (ft) rdyn = 0.007045 (ft) rdyn = 0.006861 (ft)

0.084542 (inch)

1st Run
Iterative Calculations

Input design parameters

Design seismic parameters: 

3rd Run 2nd Run
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Fundamentals of Noise 

NOISE 

Noise is most often defined as unwanted sound; whether it is loud, unpleasant, unexpected, or otherwise 

undesirable. Although sound can be easily measured, the perception of noise and the physical response to 

sound complicate the analysis of its impact on people. People judge the relative magnitude of sound sensation 

in subjective terms such as “noisiness” or “loudness.” 

Noise Descriptors 

The following are brief definitions of terminology used in this chapter: 

▪ Sound. A disturbance created by a vibrating object, which, when transmitted by pressure waves through 

a medium such as air, is capable of  being detected by a receiving mechanism, such as the human ear or a 

microphone. 

▪ Noise. Sound that is loud, unpleasant, unexpected, or otherwise undesirable. 

▪ Decibel (dB). A unitless measure of  sound, expressed on a logarithmic scale and with respect to a 

defined reference sound pressure. The standard reference pressure is 20 micropascals (20 µPa). 

▪ Vibration Decibel (VdB). A unitless measure of  vibration, expressed on a logarithmic scale and with 

respect to a defined reference vibration velocity. In the U.S., the standard reference velocity is 1 micro-

inch per second (1x10-6 in/sec). 

▪ A-Weighted Decibel (dBA). An overall frequency-weighted sound level in decibels that approximates 

the frequency response of  the human ear. 

▪ Equivalent Continuous Noise Level (Leq); also called the Energy-Equivalent Noise Level. The 

value of  an equivalent, steady sound level which, in a stated time period (often over an hour) and at a 

stated location, has the same A-weighted sound energy as the time-varying sound. Thus, the Leq metric is 

a single numerical value that represents the equivalent amount of  variable sound energy received by a 

receptor over the specified duration. 

▪ Statistical Sound Level (Ln). The sound level that is exceeded “n” percent of  time during a given 

sample period. For example, the L50 level is the statistical indicator of  the time-varying noise signal that is 

exceeded 50 percent of  the time (during each sampling period); that is, half  of  the sampling time, the 

changing noise levels are above this value and half  of  the time they are below it. This is called the 

“median sound level.” The L10 level, likewise, is the value that is exceeded 10 percent of  the time (i.e., 

near the maximum) and this is often known as the “intrusive sound level.” The L90 is the sound level 

exceeded 90 percent of  the time and is often considered the “effective background level” or “residual 

noise level.” 
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▪ Maximum Sound Level (Lmax). The highest RMS sound level measured during the measurement

period.

▪ Root Mean Square Sound Level (RMS). The square root of  the average of  the square of  the sound

pressure over the measurement period.

▪ Day-Night Sound Level (Ldn or DNL). The energy-average of  the A-weighted sound levels occurring

during a 24-hour period, with 10 dB added to the sound levels occurring during the period from 10:00

PM to 7:00 AM.

▪ Community Noise Equivalent Level (CNEL). The energy average of  the A-weighted sound levels

occurring during a 24-hour period, with 5 dB added from 7:00 PM to 10:00 PM and 10 dB from 10:00

PM to 7:00 AM. NOTE: For general community/environmental noise, CNEL and Ldn values rarely differ

by more than 1 dB (with the CNEL being only slightly more restrictive – that is, higher than the Ldn

value). As a matter of  practice, Ldn and CNEL values are interchangeable and are treated as equivalent in

this assessment.

▪ Peak Particle Velocity (PPV). The peak rate of  speed at which soil particles move (e.g., inches per

second) due to ground vibration.

▪ Sensitive Receptor. Noise- and vibration-sensitive receptors include land uses where quiet environments

are necessary for enjoyment and public health and safety. Residences, schools, motels and hotels, libraries,

religious institutions, hospitals, and nursing homes are examples.

Characteristics of Sound 

When an object vibrates, it radiates part of  its energy in the form of  a pressure wave. Sound is that pressure 

wave transmitted through the air. Technically, airborne sound is a rapid fluctuation or oscillation of  air 

pressure above and below atmospheric pressure that creates sound waves.  

Sound can be described in terms of  amplitude (loudness), frequency (pitch), or duration (time). Loudness or 

amplitude is measured in dB, frequency or pitch is measured in Hertz [Hz] or cycles per second, and duration 

or time variations is measured in seconds or minutes.  

Amplitude 

Unlike linear units such as inches or pounds, decibels are measured on a logarithmic scale. Because of  the 

physical characteristics of  noise transmission and perception, the relative loudness of  sound does not closely 

match the actual amounts of  sound energy. Table 1 presents the subjective effect of  changes in sound 

pressure levels. Ambient sounds generally range from 30 dBA (very quiet) to 100 dBA (very loud). Changes 

of  1 to 3 dB are detectable under quiet, controlled conditions, and changes of  less than 1 dB are usually not 

discernible (even under ideal conditions). A 3 dB change in noise levels is considered the minimum change 

that is detectable with human hearing in outside environments. A change of  5 dB is readily discernible to 

most people in an exterior environment, and a 10 dB change is perceived as a doubling (or halving) of  the 

sound.  
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Table 1 Noise Perceptibility 
Change in dB Noise Level 

± 3 dB Barely perceptible increase 

± 5 dB Readily perceptible increase 

± 10 dB Twice or half as loud 

± 20 dB Four times or one-quarter as loud 

Source: California Department of Transportation (Caltrans). 2013, September. Technical Noise Supplement (“TeNS”). 

 

Frequency 

The human ear is not equally sensitive to all frequencies. Sound waves below 16 Hz are not heard at all, but 

are “felt” more as a vibration. Similarly, though people with extremely sensitive hearing can hear sounds as 

high as 20,000 Hz, most people cannot hear above 15,000 Hz. In all cases, hearing acuity falls off  rapidly 

above about 10,000 Hz and below about 200 Hz. 

When describing sound and its effect on a human population, A-weighted (dBA) sound levels are typically 

used to approximate the response of  the human ear. The A-weighted noise level has been found to correlate 

well with people’s judgments of  the “noisiness” of  different sounds and has been used for many years as a 

measure of  community and industrial noise. Although the A-weighted scale and the energy-equivalent metric 

are commonly used to quantify the range of  human response to individual events or general community 

sound levels, the degree of  annoyance or other response also depends on several other perceptibility factors, 

including: 

▪ Ambient (background) sound level 

▪ General nature of  the existing conditions (e.g., quiet rural or busy urban) 

▪ Difference between the magnitude of  the sound event level and the ambient condition 

▪ Duration of  the sound event 

▪ Number of  event occurrences and their repetitiveness 

▪ Time of  day that the event occurs 

Duration 

Time variation in noise exposure is typically expressed in terms of  a steady-state energy level equal to the 

energy content of  the time varying period (called Leq), or alternately, as a statistical description of  the sound 

level that is exceeded over some fraction of  a given observation period. For example, the L50 noise level 

represents the noise level that is exceeded 50 percent of  the time; half  the time the noise level exceeds this 

level and half  the time the noise level is less than this level. This level is also representative of  the level that is 

exceeded 30 minutes in an hour. Similarly, the L2, L8 and L25 values represent the noise levels that are 

exceeded 2, 8, and 25 percent of  the time or 1, 5, and 15 minutes per hour, respectively. These “n” values are 

typically used to demonstrate compliance for stationary noise sources with many cities’ noise ordinances. 

Other values typically noted during a noise survey are the Lmin and Lmax. These values represent the minimum 

and maximum root-mean-square noise levels obtained over the measurement period, respectively.  

Because community receptors are more sensitive to unwanted noise intrusion during the evening and at night, 

state law and many local jurisdictions use an adjusted 24-hour noise descriptor called the Community Noise 

Equivalent Level (CNEL) or Day-Night Noise Level (Ldn). The CNEL descriptor requires that an artificial 

increment (or “penalty”) of  5 dBA be added to the actual noise level for the hours from 7:00 PM to 10:00 
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PM and 10 dBA for the hours from 10:00 PM to 7:00 AM. The Ldn descriptor uses the same methodology 

except that there is no artificial increment added to the hours between 7:00 PM and 10:00 PM. Both 

descriptors give roughly the same 24-hour level, with the CNEL being only slightly more restrictive (i.e., 

higher). The CNEL or Ldn metrics are commonly applied to the assessment of  roadway and airport-related 

noise sources. 

Sound Propagation 

Sound dissipates exponentially with distance from the noise source. This phenomenon is known as 

“spreading loss.” For a single-point source, sound levels decrease by approximately 6 dB for each doubling of  

distance from the source (conservatively neglecting ground attenuation effects, air absorption factors, and 

barrier shielding). For example, if  a backhoe at 50 feet generates 84 dBA, at 100 feet the noise level would be 

79 dBA, and at 200 feet it would be 73 dBA. This drop-off  rate is appropriate for noise generated by on-site 

operations from stationary equipment or activity at a project site. If  noise is produced by a line source, such 

as highway traffic, the sound decreases by 3 dB for each doubling of  distance over a reflective (“hard site”) 

surface such as concrete or asphalt. Line source noise in a relatively flat environment with ground-level 

absorptive vegetation decreases by an additional 1.5 dB for each doubling of  distance. 

Psychological and Physiological Effects of Noise 

Physical damage to human hearing begins at prolonged exposure to noise levels higher than 85 dBA. 

Exposure to high noise levels affects the entire system, with prolonged noise exposure in excess of  75 dBA 

increasing body tensions, thereby affecting blood pressure and functions of  the heart and the nervous system. 

Extended periods of  noise exposure above 90 dBA results in permanent cell damage, which is the main driver 

for employee hearing protection regulations in the workplace. For community environments, the ambient or 

background noise problem is widespread, through generally worse in urban areas than in outlying, less-

developed areas. Elevated ambient noise levels can result in noise interference (e.g., speech 

interruption/masking, sleep disturbance, disturbance of  concentration) and cause annoyance. Since most 

people do not routinely work with decibels or A-weighted sound levels, it is often difficult to appreciate what 

a given sound pressure level number means. To help relate noise level values to common experience, Table 2 

shows typical noise levels from familiar sources. 
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Table 2 Typical Noise Levels 

Common Outdoor Activities 
Noise Level 

(dBA) Common Indoor Activities 

Onset of physical discomfort   120+    

       

   110   Rock Band (near amplification system) 

Jet Flyover at 1,000 feet       

   100    

Gas Lawn Mower at three feet       

   90    

Diesel Truck at 50 feet, at 50 mph      Food Blender at 3 feet 

   80   Garbage Disposal at 3 feet 

Noisy Urban Area, Daytime       

   70   Vacuum Cleaner at 10 feet 

Commercial Area      Normal speech at 3 feet 

Heavy Traffic at 300 feet   60    

      Large Business Office 

Quiet Urban Daytime   50   Dishwasher Next Room 

       

Quiet Urban Nighttime   40   Theater, Large Conference Room (background) 

Quiet Suburban Nighttime       

   30   Library 

Quiet Rural Nighttime      Bedroom at Night, Concert Hall (background) 

   20    

      Broadcast/Recording Studio 

   10    

       

Lowest Threshold of Human Hearing   0   Lowest Threshold of Human Hearing 

       

Source: California Department of Transportation (Caltrans). 2013, September. Technical Noise Supplement (“TeNS”). 

 

Vibration Fundamentals 

Vibration is an oscillatory motion through a solid medium in which the motion’s amplitude can be described 

in terms of  displacement, velocity, or acceleration. Vibration is normally associated with activities stemming 

from operations of  railroads or vibration-intensive stationary sources, but can also be associated with 

construction equipment such as jackhammers, pile drivers, and hydraulic hammers. As with noise, vibration 

can be described by both its amplitude and frequency. Vibration displacement is the distance that a point on a 

surface moves away from its original static position; velocity is the instantaneous speed that a point on a 

surface moves; and acceleration is the rate of  change of  the speed. Each of  these descriptors can be used to 

correlate vibration to human response, building damage, and acceptable equipment vibration levels. During 

construction, the operation of  construction equipment can cause groundborne vibration. During the 

operational phase of  a project, receptors may be subject to levels of  vibration that can cause annoyance due 

to noise generated from vibration of  a structure or items within a structure.  

Vibration amplitudes are usually described in terms of  either the peak particle velocity (PPV) or the root 

mean square (RMS) velocity. PPV is the maximum instantaneous peak of  the vibration signal and RMS is the 
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square root of  the average of  the squared amplitude of  the signal. PPV is more appropriate for evaluating 

potential building damage and RMS is typically more suitable for evaluating human response. 

As with airborne sound, annoyance with vibrational energy is a subjective measure, depending on the level of  

activity and the sensitivity of  the individual. To sensitive individuals, vibrations approaching the threshold of  

perception can be annoying. Persons accustomed to elevated ambient vibration levels, such as in an urban 

environment, may tolerate higher vibration levels. Table 3 displays the human response and the effects on 

buildings resulting from continuous vibration (in terms of  various levels of  PPV). 

Table 3 Human Reaction to Typical Vibration Levels 
Vibration Level,  

PPV (in/sec) Human Reaction Effect on Buildings 

0.006–0.019 Threshold of perception, possibility of intrusion Vibrations unlikely to cause damage of any type 

0.08 Vibrations readily perceptible 
Recommended upper level of vibration to which ruins 
and ancient monuments should be subjected 

0.10 
Level at which continuous vibration begins to annoy 
people 

Virtually no risk of “architectural” (i.e. not structural) 
damage to normal buildings 

0.20 Vibrations annoying to people in buildings 
Threshold at which there is a risk to “architectural” 
damage to normal dwelling – houses with plastered 
walls and ceilings 

0.4–0.6 
Vibrations considered unpleasant by people 
subjected to continuous vibrations and unacceptable 
to some people walking on bridges 

Vibrations at a greater level than normally expected 
from traffic, but would cause “architectural” damage 
and possibly minor structural damage 

Source: California Department of Transportation (Caltrans). 2020, April. Transportation and Construction Vibration Guidance Manual. Prepared by ICF International. 
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LOCAL REGULATIONS AND STANDARDS 
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Public Facilities and Safety Element  March 2015 

Los Alamitos General Plan 25 

Noise Hazards 
Excessive noise can adversely affect human health and well-being, economic productivity, and 
property values. Mobile and stationary noise sources contribute to overall noise levels, and the 
impacts of both must be analyzed when planning the City’s future growth and management. 

Noise Sources and Sensitive Receptors 

Mobile 
Surrounded by freeways, the primary noise source in Los Alamitos and Rossmoor is from 
automobile, truck and motorcycle traffic. Noise from motor vehicles is generated by engine 
vibrations, the interaction between tires and the road, and the exhaust system. Activities on the 
Joint Forces Training Base also contribute periodic noise sources through aircraft activity, 
although approaches and departures have specific flight routes to assist in noise abatement. 

Stationary 
Residential uses generate noise from landscaping, maintenance activities, and air conditioning 
systems. Commercial and industrial uses generate noise from heating, ventilation, air 
conditioning systems, loading docks, and machinery. Noise generated by residential or 
commercial uses are generally short and intermittent. Industrial uses may generate noise on a 
more continuous basis due to the nature of its activities.  
 
Within the City of Los Alamitos, land uses are primarily residential, with retail along major 
roadways and industrial uses in the northeastern and northwestern portions of the City. 
Rossmoor is almost exclusively residential, with some commercial uses in the northeastern 
corner of the community.  
 
Construction activities are another regular and ongoing source of noise typically isolated to the 
immediate vicinity of the construction site and occur during daytime hours in accordance with 
municipal regulations. Construction activities also occur for relatively short-term periods—a 
few weeks to a few months. 

Sensitive Receptors 
Sensitive land uses are those uses with human activities that may be subject to stress or 
significant interference from noise. These include residences, schools, childcare facilities, 
religious institutions, hospitals, libraries, parks and recreational facilities, health care facilities, 
convalescent centers, and retirement homes. Such uses should be protected from unnecessary 
noise to the maximum degree feasible. 

Understanding the Measurement of Noise 
Noise refers to sound pressure variations audible to the ear. The audibility of a sound depends 
on how loud it is (amplitude), its pitch (frequency), and the person’s ability to hear. Whether 
the sound is judged as noise depends largely on the listener’s current activity and attitude 
toward the sound source, as well as the amplitude and frequency of the sound.  
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• The new gym will be located adjacent to the school’ primary parking lot, which is located 

immediately southeast of the gymnasium site. This adjacency renders it convenient for 

spectators and participants of the activities at the gym. There are two other parking lots on 

the school campus that could be used for overflow parking. 

• Vehicular access to the primary parking lot is provided via a signalized driveway on 

Cerritos Avenue and a north-south on-site circulation road that extends from the driveway 

to the parking lot. 

• Pedestrian access to the gymnasium will be provided via a gate at the northwest corner of 

the adjacent parking lot and by on-site walkways that provide links between the gymnasium 

and other areas of the school campus. 

• Pedestrian access from the public sidewalks would be accommodated by several pedestrian 

entrances along the Cerritos Avenue and Los Alamitos Boulevard frontages that lead to 

on-site walkways throughout the campus. When the campus is closed to pedestrian access, 

pedestrians would access the gym by walking along the north-south circulation road that 

runs between Cerritos Avenue and the large parking lot. 

• Emergency vehicles could readily access the new gym site and all other areas of the school 

via the existing and proposed travel corridors. A fire lane will be provided on all sides of 

the new gymnasium that will connect to an existing fire lane that runs east-west between 

the gymnasium site and the driveway on Los Alamitos Boulevard. 

• A capacity-level event with 2,000 spectators would generate an estimated 800 vehicle trips 

during the peak hour (734 inbound and 66 outbound) and 1,600 daily trips. 

• The gymnasium project can be screened from a CEQA VMT analysis because the County 

of Orange CEQA guidelines state that the development of public facilities, which includes 

institutional/government and public service uses such as a school, can be screened from a 

VMT analysis. So there are no VMT impacts. 

• In summary, the school’s access and circulation features can readily accommodate the safe 

and efficient movement of vehicles and pedestrians to and from the new gym and the 

adjacent parking lot. 
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