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Project No. 190366.3 
 
Mr. Tom Pace 
Director, Facilities Planning and Operations 
San Bernardino City Unified School District 
956 West 9th Street 
San Bernardino, CA 91762 
 
 
Subject: Geotechnical Investigation Report 

Indian Springs High School CTE Modernization 
 650 North Del Rosa Drive 
 San Bernardino, California  
 

Dear Mr. Pace, 

In accordance with your request and authorization, we are presenting the results of our geotechnical investigation for 
the proposed CTE Modernization project at Indian Springs High School in San Bernardino, California. The purpose of 
this investigation has been to evaluate the subsurface conditions at the site and to provide geotechnical engineering 
recommendations for the proposed improvements. 

Based on our findings, the proposed project is geotechnically feasible, provided that the recommendations in this report 
are incorporated into the design and are implemented during construction of the project.  

We appreciate the opportunity to be of service on this project.  Should you have any questions regarding this report or 
if we can be of further service, please do not hesitate to contact the undersigned. 

 

Respectfully submitted, 
TWINING, INC.  
 
 
 
 
 
 
 
Adrian Moreno, PE 87057  Liangcai He, GE 3033 
Senior Staff Engineer   Chief Geotechnical Engineer 
 
 
 
  



2883 East Spring Street 
Suite 300 
Long Beach CA 90806 

Tel  562.426.3355 
Fax 562.426.6424 

 

 
ii 

 

TABLE OF CONTENTS 

Page 

1. INTRODUCTION ........................................................................................................................................ 1 

2. SITE DESCRIPTION AND PROPOSED DEVELOPMENT ........................................................................ 1 

3. SCOPE OF WORK .................................................................................................................................... 1 

4. Field Exploration AND LABORATORY TESTING ................................................................................... 2 

4.1. FIELD EXPLORATION ..................................................................................................................................... 2 
4.2. GEOTECHNICAL LABORATORY TESTING ........................................................................................................ 2 

5. REGIONAL GEOLOGIC SETTING AND SUBSURFACE CONDITIONS .................................................. 3 

5.1. SITE GEOLOGY ............................................................................................................................................. 3 
5.1.1. Artificial Fill ........................................................................................................................................... 3 
5.1.2. Recent Alluvial Deposits ...................................................................................................................... 3 
5.1.3. Older Alluvial Deposits ......................................................................................................................... 3 

5.2. GROUNDWATER ............................................................................................................................................ 4 

6. SEISMIC HAZARDS AND GROUND MOTION ......................................................................................... 4 

6.1. LIQUEFACTION AND SEISMIC SETTLEMENT POTENTIAL .................................................................................. 4 
6.2. CBC SEISMIC DESIGN PARAMETERS ............................................................................................................. 5 
6.3. SITE SPECIFIC GROUND MOTION HAZARD ANALYSIS ..................................................................................... 5 

6.3.1. Probabilistic Seismic Hazard Analysis ................................................................................................. 6 
6.3.2. Deterministic Seismic Hazard Analysis ................................................................................................ 6 
6.3.3. Site-Specific Design Response Spectrum ........................................................................................... 6 

7. GEOTECHNICAL ENGINEERING RECOMMENDATIONS ...................................................................... 8 

7.1. GENERAL CONSIDERATIONS ......................................................................................................................... 8 
7.2. EXPANSIVE SOIL EVALUATION ...................................................................................................................... 8 
7.3. CORROSIVE SOIL EVALUATION ..................................................................................................................... 9 

7.3.1. Reinforced Concrete ............................................................................................................................ 9 
7.3.2. Metallic ................................................................................................................................................. 9 

7.4. SITE PREPARATION AND EARTHWORK ........................................................................................................... 9 
7.4.1. Site Preparation ................................................................................................................................... 9 
7.4.2. Removals and Overexcavation ............................................................................................................ 9 
7.4.3. Materials for Fill ................................................................................................................................. 10 
7.4.4. Engineered Fill ................................................................................................................................... 10 
7.4.5. Temporary Excavations ..................................................................................................................... 11 
7.4.6. Rippability .......................................................................................................................................... 11 

7.5. FOUNDATION RECOMMENDATIONS .............................................................................................................. 11 
7.5.1. Shallow Foundations Supported on Engineered Fill .......................................................................... 11 

7.6. CONCRETE SLABS ...................................................................................................................................... 12 
7.7. SUBGRADE PREPARATION FOR CONCRETE SLABS ...................................................................................... 12 
7.8. DRAINAGE CONTROL .................................................................................................................................. 13 

8. DESIGN REVIEW AND CONSTRUCTION MONITORING ...................................................................... 14 

8.1. PLANS AND SPECIFICATIONS ....................................................................................................................... 14 
8.2. CONSTRUCTION MONITORING ..................................................................................................................... 15 



2883 East Spring Street 
Suite 300 
Long Beach CA 90806 

Tel  562.426.3355 
Fax 562.426.6424 

 

 
iii 

9. LIMITATIONS .......................................................................................................................................... 15 

10. SELECTED REFERENCES ..................................................................................................................... 17 

 

Figures  

Figure 1 – Site Location Map 
Figure 2 – Site Plan and Boring Locations Map 
Figure 3 – Cross Section A-A’ 
Figure 4 – Regional Geologic Map 
Figure 5 – Liquefaction Potential Map 
Figure 6 – Site-Specific Design Response Spectrum 

 

Appendices 

Appendix A – Field Exploration 
Appendix B – Laboratory Testing 
Appendix C – Liquefaction Analysis 
Appendix D – Engineering Geology Investigation Report 
 



2883 East Spring Street 
Suite 300 
Long Beach CA 90806 

Tel  562.426.3355 
Fax 562.426.6424 

 

 
Page 1 

 

1. INTRODUCTION 

This report presents the results of the geotechnical evaluation performed by Twining, Inc. (Twining) for the proposed 
CTE Modernization project to be constructed at Indian Springs High School in San Bernardino, California.  A description 
of the site and the proposed development is provided in the following section. Our geotechnical evaluation was 
performed in conformance with Chapter 18A of Title 24, Part 2, Volume 2 of the 2016 California Building Code (CBC) 
and California Geological Survey (CGS) Note 48. The objectives of this study were to evaluate the subsurface 
conditions of the site, and to provide geotechnical recommendations for the design and construction of the proposed 
development, including recommendations for foundations and earthwork.  
 
2. SITE DESCRIPTION AND PROPOSED DEVELOPMENT 

The project site is located within the Indian Springs High School campus at 650 North Del Rosa Drive in the City of 
San Bernardino, San Bernardino County, California.  The school property is bounded by 9th Street on the north, by 6th 
Street on the south, by Del Rosa Drive on the east, and by residential development and vacant land on the west as 
shown in Figure 1, Site Location Map.  

The proposed CTE modernization project is be located on the southwest side of campus at the existing M and N 
buildings.  The project includes the modernization of buildings M and N, the modernization of the enclosed breezeway 
between buildings M and N, exterior courtyard improvements, and the addition of a new one-story structure. The new 
one-story addition will be approximately 1,850 square feet. The approximate footprint of the building addition is depicted 
on Figure 2, Site Plan and Boring Location Map.  

The approximate site coordinates for the site are latitude 34.1109°N  and longitude 117.2556°W. The site is relatively 
flat with a surface elevation of approximately 1,079 feet above mean sea level (msl). Drainage across the site is by 
sheet flow in the westerly direction. 

3. SCOPE OF WORK 

Our scope of services for this project consisted of the following: 

• We reviewed readily available background data including previous geotechnical reports prepared by Twining 
(2014, 2015) for the performing arts center and the school aquatic center and stadium improvements, as well 
as in-house geotechnical data, geologic maps, topographic maps, and aerial photographs relevant to the 
subject site.   

• We performed a geotechnical site reconnaissance to observe the general surface conditions at the site and 
to select exploratory locations. After the planned locations were delineated, Underground Service Alert (USA) 
was notified a minimum of 72 hours prior to excavation.  

• We performed a subsurface evaluation, including the excavation, logging, and sampling of two exploratory 
hollow-stem auger borings. We obtained samples of earth materials from the borings and transported them 
to our in-house laboratory for examination and testing. 

• We performed laboratory testing on selected samples in order to evaluate the geotechnical engineering 
properties of the on-site soils.   

• We compiled and analyzed the data collected from our site reconnaissance, subsurface evaluation, and 
laboratory testing. Specifically, our analyses included the following: 
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o Evaluation of general subsurface conditions and description of types, distribution, and engineering 
characteristics of subsurface materials; 

o Evaluation of geologic hazards and engineering seismology, including evaluation of fault rupture hazard, 
seismic shaking hazard, liquefaction and seismic settlement potential;  

o Evaluation of seismic design parameters in accordance with 2016 California Building Code; 

o Evaluation of current and historical groundwater conditions at the site and potential impact on design and 
construction; 

o Evaluation of expansion potential of the on-site soils;  

o Evaluation of project feasibility and suitability of on-site soils for foundation support; 

o Development of general recommendations for earthwork, including requirements for placement of 
compacted fill; 

o Evaluation of foundation design parameters including allowable bearing capacity for shallow foundations, 
estimated settlement, and lateral resistance; 

o Recommendations for concrete slab-on-grade support; 

o Recommendations for temporary excavations; and, 

o Evaluation of the potential for the on-site materials to corrode buried concrete and metals. 

• We prepared this report to present the work performed and data acquired and summarize our conclusions 
and geotechnical recommendations for the design and construction of the proposed improvements. 

4. FIELD EXPLORATION AND LABORATORY TESTING 

4.1. Field Exploration 

Our subsurface exploration was conducted on May 18, 2019. The subsurface conditions were evaluated by 
advancing two 8-inch-diameter hollow stem auger borings within the footprint of the proposed building addition. 
The borings were advanced to approximate depths ranging from 31.5 to 51.5 feet below existing ground surface 
(bgs) using a CME-75 truck-mounted drill rig.  Driven samples of the soil were obtained using Standard Penetration 
Test (SPT) and modified California split spoon samplers. The samplers were driven using a 140-pound, automatic-
drop hammer falling approximately 30 inches.  The blow counts were recorded, and the materials encountered in 
the borings were logged by our field personnel. Upon completion of drilling, the borings were backfilled by the 
drilling subcontractor using soil derived from the cuttings.   

The approximate locations of the borings are shown on Figure 2, Site Plan and Boring Location Map.  The logs of 
borings are presented in Appendix A, Field Exploration. 

4.2. Geotechnical Laboratory Testing 
 

Laboratory tests were performed on selected samples obtained from the boring in order to aid in the soil 
classification and to evaluate the engineering properties of the foundation soils. The following tests were performed 
in general accordance with ASTM standards: 
 

• In-situ moisture and density; 

• Maximum dry density-optimum moisture content; 
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• #200 Wash; 

• Corrosivity;  

• Consolidation; and 

• Direct shear test. 

The detailed laboratory test results are presented in Appendix B, Laboratory Testing. 

5. REGIONAL GEOLOGIC SETTING AND SUBSURFACE CONDITIONS 

An evaluation and discussion of the regional geologic setting and subsurface conditions at the site has been performed 
by AKW Geotechnical (2019) and is provided in Appendix D – Engineering Geology Investigation Report. 

According to regional geologic mapping published by the Dibblee Geological Foundation (Dibblee, 2004a and 2004b), 
the project site is underlain by alluvial deposits consisting of unconsolidated and unindurated Quaternary alluvial 
deposits comprised of sand and clay.  Geologic mapping compiled by the United States Geological Survey (Morton, 
2004) further characterizes the sediments as consisting of poorly sorted fine to coarse sand and sandy-pebble to small-
cobble gravel. 

Our exploratory borings encountered artificial fill in the upper 3 feet of excavations, underlain by recent alluvial deposits 
to a depth of approximately 20 feet below the ground surface (map symbol Qa according to Dibblee), and underlain by 
older alluvial deposits at depths greater than 20 feet (map symbol Qoa according to DIbblee). A generalized description 
of the materials encountered is provided below. Detailed descriptions of the earth materials encountered in the 
exploratory borings are presented in Appendix A, Field Exploration. A cross section illustrating the geologic conditions 
at the site is presented in Figure 3, Cross Section A-A’. The regional geology based on the Dibblee Geological 
Foundation geologic maps is reproduced in Figure 4, Regional Geologic Map. 

5.1. Site Geology 

The following section provides generalized descriptions of the materials encountered. 

5.1.1. Artificial Fill 
 
Artificial fill was encountered in each of the exploratory borings at shallow depths up to 3 feet below the 
ground surface (bgs). The material generally consists of medium to reddish-brown silty sand with few fine 
gravel. 

5.1.2. Recent Alluvial Deposits 

Late Holocene alluvial deposits were encountered in both of the exploratory borings extending to the depths 
of approximately 20 feet bgs. The material generally consists of interlayered dark brown and orange-brown, 
loose to dense, moist, sand, and silty sand with gravel and cobble.  

5.1.3. Older Alluvial Deposits 

Older alluvium was encountered in both exploratory excavations at depths of approximately 20 feet bgs and 
extending to the total depth of exploration. The older alluvium generally consists of interlayered reddish-brown, 
grayish-brown, light brown, and gray, medium dense to very dense, moist, sand, silty sand and sandy silt with 
gravel.  
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5.2. Groundwater 

Groundwater was not encountered within Twining's recent and previous exploratory excavations. Previous 
exploration at the site by John R. Byerly, Inc. (2003) encountered groundwater in one boring at a depth of 
approximately 33 feet. Based on our review of the State of California Department of Water Resources data for 
wells located in the site vicinity, the groundwater level was near the ground surface in the 1951. Recent 
measurements indicate that the groundwater level has been drawn down to depths exceeding 100 feet bgs. For 
our analyses, we have assumed the historical high groundwater elevation at the existing ground surface. 
Groundwater conditions may vary across the site due to stratigraphic and hydrologic conditions and may change 
over time as a consequence of seasonal and meteorological fluctuations, or of activities by humans at this and 
nearby sites.  

6. SEISMIC HAZARDS AND GROUND MOTION 

The seismology and the hazards associated with seismic shaking at the site are discussed in detail in AKW 
Geotechnical’s Engineering Geology Report for the project (2019). 

The subject site is not located within a State of California Earthquake Fault Zone (formerly known as an Alquist-Priolo 
Special Studies Zone (Hart and Bryant, 1997). However, the site is located in a seismically active area, as is the 
majority of southern California, and the potential for strong ground motion in the project area is considered high during 
the design life of the proposed structure. According to the City of San Bernardino (2005) General Plan Safety Element, 
the site is located within an area designated as “high” with respect to liquefaction susceptibility. The map depicting the 
sites liquefaction potential is presented on Figure 5, Liquefaction Potential Map. 

6.1. Liquefaction and Seismic Settlement Potential 

Liquefaction is the phenomenon in which loosely deposited granular soils with silt and clay contents of less than 
approximately 35 percent, and non-plastic silts located below the water table undergo rapid loss of shear strength 
when subjected to strong earthquake-induced ground shaking. Ground shaking of sufficient duration results in the 
loss of grain-to-grain contact due to a rapid rise in pore water pressure and causes the soil to behave as a fluid for 
a short period of time.  

Seismic settlement can occur when loose to medium dense granular materials densify during seismic shaking and 
liquefaction.  Seismically-induced settlement may occur in dry, unsaturated, as well as saturated soils. Liquefaction 
is generally known to occur in loose, saturated, relatively clean, fine-grained cohesionless soils at depths shallower 
than approximately 50 feet. Factors to consider in the evaluation of soil liquefaction potential include groundwater 
conditions, soil type, grain size distribution, relative density, degree of saturation, and both the intensity and 
duration of ground motion. Other phenomena associated with soil liquefaction include sand boils, ground 
oscillation, and loss of foundation bearing capacity.  Based on the presence of granular alluvial deposits and the 
historic high groundwater level, the project site is considered potentially liquefiable. 

Liquefaction analyses were performed in accordance with the National Center for Earthquake Engineering 
Research (NCEER) procedure by Youd and others (2001) using the computer program LiqSVs (GeoLogismiki, 
2012) and the data obtained from our exploratory borings. The analyses considered an earthquake modal moment 
magnitude of 7.91 obtained using the U.S. Geological Survey – Earthquake Hazards Program Unified Hazard 
Tool, the peak ground acceleration PGAM of 0.757g obtained by the methods described in section 6.2 below, and 
a historic high groundwater level at the existing ground surface.  

Our analyses were performed using SPT N1,60 blow counts converted and standardized from SPT and modified 
California sampler blow counts taken during our exploratory borings for the project. Our analyses indicate that the 
liquefaction potential is at its peak at the soil layer located at approximately 40 feet bgs. We estimate that the 
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liquefaction-induced ground settlement at the site will be approximately 2 inches during a seismic event as shown 
in Appendix C, Liquefaction Analysis. However, it is our opinion that, due to the depth of the anticipated liquefaction 
and the density of the soil layers above the liquefiable material, the liquefaction settlement will not be manifested 
at the surface.  

6.2. CBC Seismic Design Parameters 

Our recommendations for seismic design parameters have been developed in accordance with 2016 CBC and 
ASCE 7-10 (ASCE, 2010) standards. As discussed above, the project site is potentially liquefiable and would be 
classified as Site Class F per ASCE 7-10 Section 20.3.1. However, ASCE 7-10 provides an exception for structures 
with periods of vibration equal to or less than 0.5 seconds. Because the proposed one-story structure is anticipated 
to have a fundamental period of less than 0.5s, the site class may be determined using the definitions provided in 
Table 20.3.1. Based on the results of our field investigation the applicable Site Class is D consisting of a stiff soil 
profile with average SPT N between 15 and 50 blows per foot. Table 1 presents the seismic design parameters 
for the site in accordance with 2016 CBC and mapped spectral acceleration parameters.  

Table 1 
2016 California Building Code Design Parameters 

Design Parameters Value 

Site Class D 

Mapped Spectral Acceleration Parameter at Period of 0.2-Second, Ss 1.915g 

Mapped Spectral Acceleration Parameter at at Period 1-Second, S1 0.920g 

Site Coefficient, Fa 1.0 

Site Coefficient, Fv 1.5 

Adjusted MCER
1 Spectral Response Acceleration Parameter at Short Period, SMS 1.915g 

1-Second Period Adjusted MCER
1 Spectral Response Acceleration Parameter, 

SM1 
1.380g 

Short Period Design Spectral Response Acceleration Parameter, SDS 2/3 SMS = 1.277g 

1-Second Period Design Spectral Response Acceleration Parameter, SD1 2/3 SM1 = 0.920g 

Peak Ground Acceleration, PGAM
2 0.757g 

Seismic Design Category3 E 

Notes: 1  Risk-Targeted Maximum Considered Earthquake 
            2 Peak Ground Acceleration adjusted for site effects  
            3 For S1 greater than or equal to 0.75g, the Seismic Design Category is E for risk category I,                 

II, and III structures 

6.3. Site Specific Ground Motion Hazard Analysis 

The site-specific ground motion hazard analysis was performed in accordance with Section 21.2 of ASCE Standard 
7-10 (American Society of Civil Engineers, 2010) based on a 2% probability of exceedance in 50 years. 
Probabilistic and deterministic maximum considered earthquake (MCE) response accelerations were evaluated in 
order to develop the site-specific design response spectrum. The derivation of the site-specific design response 
spectra, including the probabilistic and deterministic seismic hazard analyses, are presented in Figure 6, Site-
Specific Design Response Spectrum. The detailed analysis description and results are presented below. 
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6.3.1. Probabilistic Seismic Hazard Analysis 

A site-specific probabilistic seismic hazard analysis was performed to evaluate the spectral response 
accelerations represented by a 5-percent-damped acceleration response spectrum having a 2 percent 
probability of exceedance within a 50-year period.  The probabilistic seismic hazard analysis was performed 
using the commercially available computer program EZ‐FRISK version 7.65 Build 004 (Risk Engineering, 
2015). The probabilistic seismic hazard analyses were performed using the next generation attenuation (NGA) 
relationships by Boore and Atkinson (2008), Campbell and Bozorgnia (2008), and Chiou and Youngs (2008). 
The probabilistic maximum rotated horizontal component of 5-percent-damped ground motion having a 2 
percent probability of exceedance within a 50-year period was obtained from our EZ- FRISK analyses.   

6.3.2. Deterministic Seismic Hazard Analysis 

A site-specific deterministic seismic hazard analysis was performed to evaluate the MCE response 
acceleration.  The deterministic MCE response acceleration at specified periods was calculated as the 84th 
percentile of the maximum rotated component of ground motion computed at each period for characteristic 
earthquakes on known active faults within the region.   

First, we performed an evaluation of potentially damaging earthquake sources by reviewing published 
geologic maps and sources that contribute to the probabilistic hazard analysis, according to the USGS 2008 
Interactive Deaggregations website (http://geohazards.usgs.gov/deaggint/2008/). Based on our evaluation, 
we selected two “controlling” sources and seismic events: the San Andreas fault (San Bernardino South 
section) and the San Jacinto fault (San Bernardino Valley section).  

Next, we used the NGA Models by Boore and Atkinson (2008), Campbell and Bozorgnia (2008), and Chiou 
and Youngs (2008) to estimate the ground motion distribution for each earthquake.  The 5-percent-damped 
pseudo-absolute acceleration response spectrum was calculated for each earthquake using a Microsoft Excel 
spreadsheet issued by the Pacific Earthquake Engineering Research Center based on the NGA relationships 
(https://apps.peer.berkeley.edu/products/nga_gmpe_files/NGA_GMPE_files.zip). Seismic sources and 
distances to faults were evaluated using the USGS 2008 seismic hazard maps and site-specific data 
(https://earthquake.usgs.gov/cfusion/hazfaults_2008_search/query_main.cfm). Site characteristics were 
evaluated based on field investigation programs performed for the site and the USGS site-specific data 
(https://earthquake.usgs.gov/data/vs30/us/). The resulting median 84th-percentile 5-percent-damped 
geometric-mean acceleration response spectra for the earthquakes from each fault were used to create a 
deterministic MCE response spectrum based on the maximum spectral acceleration at each period, and then 
converted to the maximum rotated components of ground motion using equations prepared by Watson-
Lamprey and Boore (2007). The final deterministic spectral response accelerations were taken to be not lower 
than the deterministic lower limit as calculated using Figure 21.2-1 of ASCE 7-10, Chapter 21.  

6.3.3. Site-Specific Design Response Spectrum 

The site-specific MCER spectral response acceleration was calculated at each period to be the lesser of the 
spectral response accelerations from the probabilistic and deterministic MCE.  Finally, the design spectral 
response acceleration at each period was calculated as two-thirds of the site-specific MCE spectral response 
acceleration, but taken as not less than 80 percent of the spectral response acceleration evaluated in 
accordance with Section 11.4.5 of ASCE 7-10. In order to calculate the 80 percent lower limit, mapped values 
from Seismic Design Maps of the Structural Engineers Association of California (SEAOC) and Office of 
Statewide Health Planning and Development of California (https://seismicmaps.org/) were used to calculate 
SDS, SD1 and the design spectrum in accordance with Section 21.4 of ASCE 7-10. Applicable response spectra 
data are presented in Table 2 and on Figure 6, Site-Specific Design Response Spectrum. 
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Table 2 
Site-Specific Design Response Spectrum Data 

2%-in-50years 

Probabilistic 

Spectrum

Probabilistic 

MCER

84th percentile 

Deterministic 

Spectrum

Deterministic 

Lower Limit

Deterministic 

MCER

Site Specific 

MCER

80% Map-Based CBC 

General Design 

Response Spectrum

Site-Specific Design 

Response Spectrum

0.01 1.023 1.320 1.351 0.887 0.675 0.887 0.887 0.451 0.591

0.02 1.023 1.344 1.375 0.902 0.750 0.902 0.902 0.494 0.602

0.03 1.023 1.405 1.437 0.957 0.825 0.957 0.957 0.536 0.638

0.05 1.023 1.558 1.594 1.071 0.975 1.071 1.071 0.621 0.714

0.075 1.023 1.851 1.893 1.253 1.163 1.253 1.253 0.727 0.835

0.1 1.023 2.134 2.183 1.419 1.350 1.419 1.419 0.834 0.946

0.12 1.023 2.307 2.360 1.532 1.500 1.532 1.532 0.919 1.021

0.144 1.023 2.481 2.538 1.667 1.500 1.667 1.667 1.021 1.111

0.15 1.023 2.520 2.578 1.701 1.500 1.701 1.701 1.021 1.134

0.2 1.023 2.687 2.749 1.843 1.500 1.843 1.843 1.021 1.229

0.25 1.020 2.784 2.840 1.975 1.500 1.975 1.975 1.021 1.316

0.3 1.017 2.780 2.828 2.016 1.500 2.016 2.016 1.021 1.344

0.4 1.012 2.732 2.764 2.039 1.500 2.039 2.039 1.021 1.359

0.5 1.006 2.660 2.675 2.059 1.500 2.059 2.059 1.021 1.373

0.6 1.000 2.553 2.553 2.012 1.500 2.012 2.012 1.021 1.341

0.721 0.993 2.462 2.445 1.954 1.248 1.954 1.954 1.021 1.303

0.75 0.991 2.447 2.425 1.941 1.200 1.941 1.941 0.981 1.294

1 0.977 2.197 2.147 1.711 0.900 1.711 1.711 0.736 1.140

1.25 0.977 1.962 1.917 1.560 0.720 1.560 1.560 0.589 1.040

1.5 0.977 1.753 1.713 1.410 0.600 1.410 1.410 0.491 0.940

2 0.977 1.425 1.392 1.152 0.450 1.152 1.152 0.368 0.768

2.5 0.977 1.190 1.163 0.997 0.360 0.997 0.997 0.294 0.665

3 0.977 1.027 1.004 0.842 0.300 0.842 0.842 0.245 0.561

4 0.977 0.783 0.765 0.635 0.225 0.635 0.635 0.184 0.423

Risk 

Coefficient 

CR

Period 

(sec)

Spectral Acceleration (g)

 

The site-specific design response parameters are provided in Table 3.  These parameters were evaluated 
from Design Response Spectra values presented above in accordance with ASCE 7-10 Section 21.4 
guidelines. 

Table 3 
Site-Specific Seismic Design Parameters 

Site-Specific Seismic Design Parameters Design Values (g) 

Spectral Response Acceleration 0.2-second period, SMS 1.853 

Spectral Response Acceleration 1-second period, SM1 1.71 

Design Spectral Response Acceleration for short period, SDS 1.236 

Design Spectral Response Acceleration for 1-second period, SD1 1.14 
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7. GEOTECHNICAL ENGINEERING RECOMMENDATIONS 

7.1. General Considerations 

Based on the results of our literature review, field exploration, laboratory testing, and engineering analyses, it is 
our opinion that the proposed construction is feasible from a geotechnical standpoint, provided that the 
recommendations in this report are incorporated into the design plans and are implemented during construction. 
Geotechnical engineering recommendations for this project are based on our understanding of the proposed 
development, our observations during our field exploration, the results of laboratory testing on soil samples taken 
from the site, and our engineering analyses. 

The following is a list of geotechnical considerations for this project: 

• Near surface soils at the site are generally suitable for use as engineered fill. 

• Based on the subgrade soil types encountered during our investigation, laboratory testing, and the 
estimated potential settlement of the soils, the proposed project may be supported on shallow foundations. 

• Undocumented fill was encountered in the upper approximately 3 feet in each of the exploratory borings 
performed at the site. Fill materials encountered within foundation excavations should be removed to the 
full depth of fill. 

• We understand that the proposed building addition will be structurally separated from the existing 
buildings. We anticipate that settlement of the new structure will occur during construction process and 
that differential settlement between the structure addition and existing building joints will be less than 0.5 
inches if the site preparation is performed per the recommendations provided in Section 7.4 below. 

• Excavations shall not undermine the existing adjacent footings. We recommend that excavations for the 
proposed improvements do not encroach within a 1:1 plane from the top edge of the existing foundations, 
or where space is not available, that slot cuts be utilized. Excavations should be performed in accordance 
with the recommendations provided in Section 7.4.5 below.  

• The nearest edge of the proposed new footings should be constructed at a distance equal to or greater 
than the width of the new footing plus the width of the existing footing. 

Our geotechnical engineering analyses performed for this report were based on the earth materials encountered 
during the subsurface exploration for the site. If the design substantially changes, then our geotechnical 
engineering recommendations would be subject to revision based on our evaluation of the changes. The following 
sections present our conclusions and recommendations pertaining to the engineering design for this project. 

7.2. Expansive Soil Evaluation 

Expansive soils are characterized by their ability to undergo significant volume changes (shrink or swell) due to 
variations in moisture content. Changes in soil moisture content can result from rainfall, landscape irrigation, utility 
leakage, roof drainage, perched groundwater, drought, or other factors, and may cause unacceptable settlement 
or heave of structures, concrete slabs supported on-grade, or pavements supported over these materials.  
Depending on the extent and location below finished subgrade, these soils could have a detrimental effect on the 
proposed construction. 

Based on our observations, laboratory testing, and soil classification, the soils at the site consists of granular silty 
sands and sands. It is our opinion that site soils have a very low expansion potential. Mitigation measures for 
expansive soils are not required. 
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7.3. Corrosive Soil Evaluation 

The potential for the near-surface on-site materials to corrode buried steel and concrete improvements was 
evaluated.  Laboratory testing was performed on one selected near-surface soil to evaluate pH and electrical 
resistivity, as well as chloride and sulfate contents. The pH and electrical resistivity tests were performed in 
accordance with California Test 643, and the sulfate and chloride tests were performed in accordance with 
California Tests 417 and 422, respectively.  

In accordance with the Caltrans Corrosion Guidelines (2018) criteria, corrosive soil is defined as soil which has a 
minimum resistivity less than 1,100 ohm-centimeters, a chloride concentration greater than 500 ppm, a sulfate 
concentration greater than 1,500 ppm, or a pH less than 5.5. 

 
The results of the corrosivity testing indicated an electrical resistivity value of 4,800 ohm-cm. The soil pH value 
was 6.9. The tests indicated soluble chloride content of 32 parts per million (ppm) and soluble sulfate content of 
226 ppm (i.e. 0.031 percent). Based on Caltrans (2018) criteria, the on-site soils would be classified as non-
corrosive. 

7.3.1.  Reinforced Concrete 

Laboratory tests indicate that the potential for sulfate attack on concrete in contact with the on-site soils is 
negligible in accordance with ACI 318, Table 4.3.1. As a minimum, we recommend that Type II cement and a 
water-cement ratio of no greater than 0.50 be used on the project.  

Test results indicate that the potential for chloride attack of reinforcing steel in concrete structures and pipes 
in contact with soil is also negligible.   

7.3.2.  Metallic 

Laboratory resistivity testing indicates that the on-site near-surface soils are considered moderately corrosive 
to buried ferrous metals. We recommend that a corrosion specialist may be consulted regarding suitable types 
of piping and appropriate protection for underground metal conduits, if needed. 

7.4. Site Preparation and Earthwork 

In general, earthwork should be performed in accordance with the recommendations presented in this report. 
Twining should be contacted for questions regarding the recommendations or guidelines presented herein.  

7.4.1.  Site Preparation 
Site preparation should begin with the removal of utility lines, asphalt, concrete, vegetation, and other 
deleterious debris from areas to be graded. Tree stumps and roots should be removed to such a depth that 
organic material is generally not present. Clearing and grubbing should extend to the outside edges of the 
proposed excavation and fill areas. We recommend that unsuitable materials such as organic matter or 
oversized material be selectively removed and disposed offsite. The debris and unsuitable material generated 
during clearing and grubbing should be removed from areas to be graded and disposed at a legal dump site 
away from the project area. 
 
7.4.2.  Removals and Overexcavation 

 
The site subgrade soils in general are considered as suitable for use as engineered fill. In order to prepare a 
relatively uniform bearing surface for the project foundations and to remove the undocumented fill 
encountered at the site, we recommend that the subgrade be overexcavated to a depth of at least 3 feet below 
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the existing ground surface, or to the bottom of the undocumented fill, whichever is deeper. The excavation 
bottom should be scarified 12 inches and recompacted to 90 percent of the maximum dry density according 
to ASTM D 1557. The lateral extent of the overexcavation should be at least 3 feet beyond the edge of the 
proposed footings, where space is available. Deeper excavations may be required in areas where soft, 
saturated, or unsuitable materials, for example, if tree root balls or undocumented fill are encountered.  
 
Building pad slabs-on-grade, pavements, and/or sidewalk areas should be over-excavated to a depth of at 
least 12 inches below the bottom of the pavement or sidewalk section, whichever is deeper. Deeper removals 
may be required in areas where soft, saturated, or unsuitable materials are encountered.  
 
Foundation elements should be constructed on at least 1 foot of competent engineered fill. Where fill materials 
are encountered during foundation excavations, the fill should be removed to its full depth. The extent and 
depth of fill removals should be evaluated by Twining’s representative in the field based on the materials 
exposed.  
 
Should overexcavations expose soft or soils considered as unsuitable for use as fill by a Twining 
representative, additional removals may be recommended. The extent and depths of removal should be 
evaluated by Twining’s representative in the field based on the materials exposed. 

7.4.3. Materials for Fill 

In general, the near surface soils encountered during our field exploration are suitable for use as engineered 
fill, provided that the material is free organics. The soil material used as fill should not contain contaminated 
materials, rocks, or lumps over 4 inches in largest dimension, and not more than 40 percent larger than ¾ 
inch. Utility trench backfill material should not contain rocks or lumps over 3 inches in largest dimension. 
Larger chunks, if generated during excavation, may be broken into acceptably sized pieces or may be 
disposed offsite. 

Any imported fill material should consist of granular soil having a “very low” expansion potential (that is, 
expansion index of 20 or less). Import material should also have low corrosion potential (that is, chloride 
content less than 500 parts per million [ppm], soluble sulfate content of less than 0.1 percent, and pH of 5.5 
or higher). Materials to be used as fill should be evaluated by a Twining representative prior to importing or 
filling. 
 
7.4.4. Engineered Fill 

Prior to placement of compacted fill, the contractor should request Twining to evaluate the exposed excavation 
bottoms. Unless otherwise recommended, the exposed ground surface should then be scarified to a depth of 
approximately 12 inches and moisture conditioned or dried, as needed, to achieve generally consistent 
moisture contents of approximately 2 percent above the optimum moisture content. The scarified materials 
should then be compacted to 90 percent relative compaction in accordance with the latest version of ASTM 
D 1557. 

Compacted fill should be placed in horizontal lifts of approximately 8 to 10 inches in loose thickness. Prior to 
compaction, each lift should be moisture conditioned or dried as needed to achieve near optimum moisture 
condition, mixed, and then compacted by mechanical methods, using sheepsfoot rollers, multiple-wheel 
pneumatic-tired rollers, or other appropriate compacting rollers, to a relative compaction of 90 percent as 
evaluated by ASTM D1557. Successive lifts should be treated in a like manner until the desired finished 
grades are achieved.  
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Trench excavations to receive backfill shall be free of trash, debris or other unsatisfactory materials at the 
time of backfill placement. The utility should be bedded with clean sand to at least one foot over the crown. 
The bedding sand should have a sand equivalent (SE) of 30 or greater. The remainder of trench backfill may 
be onsite soils compacted to 90 percent of the laboratory maximum dry density as per ASTM Standard D1557. 

7.4.5.  Temporary Excavations 

Temporary excavations are expected during site demolition, earthwork, and footing and utility trench 
preparation. We anticipate that unsurcharged excavations with vertical side slopes less than 4 feet high will 
generally be stable. 

Where the space is available, temporary, unsurcharged excavation sides over 4 feet in height should be 
sloped no steeper than an inclination of 1H:1V (horizontal:vertical). Where sloped excavations are created, 
the tops of the slopes should be barricaded so that vehicles and storage loads do not encroach within 10 feet 
of the top of the excavated slopes. A greater setback may be necessary when considering heavy vehicles, 
such as concrete trucks and cranes. Twining should be advised of such heavy vehicle loadings so that specific 
setback requirements can be established. If the temporary construction slopes are to be maintained during 
the rainy season, berms are recommended to be graded along the tops of the slopes in order to prevent runoff 
water from entering the excavation and eroding the slope faces. 

Excavations shall not undermine the existing adjacent foundations. Where space for sloped excavations is 
not available, slot-cut or temporary shoring (trench box) may be utilized. For temporary excavations that are 
less than 6 feet in height adjacent to existing buildings where the excavation extends deeper than the bottom 
of the existing footing, slot cuts may be utilized. The slots should be no wider than 8 feet and should be 
excavated in an A-B-C sequence so that there are at least 16 feet spacing between any two excavated slots. 
The excavated slots should not be left open overnight and should be backfilled on the same day it was 
excavated before the next set of slots are excavated.  

Personnel from Twining should observe the excavations so that any necessary modifications based on 
variations in the encountered soil conditions can be made.  All applicable safety requirements and regulations, 
including CalOSHA requirements, should be met. 

7.4.6. Rippability 

Based on our subsurface exploration of the site, the earth materials should be generally excavatable with 
heavy-duty earthwork equipment in good working condition.   

7.5. Foundation Recommendations 

Based upon the recommended removal and recompaction of existing fill materials, the proposed structure may be 
supported on continuous strip or isolated footings designed in accordance with the recommendations presented 
below.  

7.5.1. Shallow Foundations Supported on Engineered Fill 

A shallow foundation system (spread and continuous footings) may be used for support of the proposed 
project, provided that all the footings are placed on engineered fill prepared as described in the “Site 
Preparation” section of this report. The foundations should be designed by the structural engineer and should 
conform to the 2016 California Building Code. Our geotechnical design parameters are presented in Table 4. 
We have assumed that column loads will not exceed 125 kips for isolated pad footings and that wall loads will 
not exceed 8 kips per foot for continuous footings. 
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Table 4 - Geotechnical Design Parameters for Spread Footings on Engineered Fill 

Minimum Footing 
Dimensions 

 Continuous footings: At least 24 inches in width and at least 24 
inches of embedment depth. 

 Square footings: At least 36 inches in width and 24 inches of 
embedment depth. 

Allowable Bearing 
Pressure 

 Footings should be supported on compacted fill. 

 For footings with the minimum dimensions shown above, an 
allowable bearing pressure of 2,000 pounds per square foot 
(psf) can be used. 

 Bearing capacity can be increased by 250 psf for each 
additional foot of width, and 250 psf for each additional foot of 
embedment up to a maximum allowable capacity of 3,000 psf.  

 The allowable bearing values may be increased by one-third for 
transient live loads from wind or earthquake. 

Estimated Static Settlement  

 Approximately 1 inch of total settlement with differential 
settlement estimated to be approximately 0.5 inch over 50 feet 
(for foundations designed in accordance with this report). 

 The static settlement of foundation system is expected to occur 
immediately upon application of loading. 

Allowable Coefficient of 
Friction Below Footings 

0.35 

Unfactored Lateral Passive 
Resistance 

400 pcf (equivalent fluid pressure) 

 
The total allowable lateral resistance can be taken as the sum of the friction resistance and passive resistance, 
provided that the passive resistance does not exceed two-thirds of the total allowable resistance. The passive 
resistance values may be increased by one-third when considering wind or seismic loading. 

7.6. Concrete Slabs 

Slab-on-grade floors for buildings should be supported on at least 12 inches of engineered fill as described in the 
Site Preparation section of this report.  For design of concrete floor slabs supported on engineered fill, a modulus 
of subgrade reaction (k) of 150 pounds per cubic inch (pci) may be used on compacted, engineered fill.  

Floor slabs should be designed and reinforced in accordance with the structural engineer’s recommendations. 
However, for slabs not supporting heavy loads, we recommend that the concrete should have a thickness of at 
least 4 inches, a 28-day compressive strength of at least 3,000 pounds per square inch (psi), a water-cement ratio 
of 0.45 or less, and a slump of 4 inches or less. Slabs should be reinforced with at least No. 3 reinforcing bars 
placed longitudinally at 18 inches on center. The reinforcement should be extended through the control joints to 
reduce the potential for differential movement. Control joints should be constructed in accordance with 
recommendations from the structural engineer or architect. For slabs supporting equipment, a minimum thickness 
of 5 inches is recommended. Additional thickness and reinforcement recommendations may be provided by the 
structural engineer. 

7.7. Subgrade Preparation for Concrete Slabs 

All underslab materials should be adequately compacted prior to the placement of concrete.  Care should be taken 
during placement of the concrete to prevent displacement of the underslab materials. The granular material should 



2883 East Spring Street 
Suite 300 
Long Beach CA 90806 

Tel  562.426.3355 
Fax 562.426.6424 

 

 
Page 13 

 

be dry to moist, and should not be wetted or saturated prior to the placement of concrete. The concrete slab should 
be allowed to cure properly prior to placing vinyl or other moisture-sensitive floor covering. 
 
Table 5 below provides recommendations for various levels of protection against vapor transmission through 
concrete floor slabs placed over a properly prepared subgrade. 
 

Table 5 – Options for Subgrade Preparation below Concrete Floor Slabs 

Primary Objective Recommendation 

Enhanced protection against 
vapor transmission  

 Concrete floor slab-on-grade placed directly on a 15-mil-
thick moisture vapor retarder that meets the requirements 
of ASTM E1745 Class C (Stego Wrap or similar) 

 The moisture vapor retarder membrane should be placed 
directly on the subgrade (ACI302.1R-67); if required for 
either leveling of the subgrade or for protection of the 
membrane from protruding gravel, then place about 2 
inches of silty sand1 under the membrane 

Above-standard protection 
against vapor transmission 

This option is available if the slab perimeter is bordered by 
continuous footings at least 24 inches deep, OR if the area 
adjacent and extending at least 10 feet from the slab is 
covered by hardscape without planters: 

 2 inches of dry silty sand1; over 

 Waterproofing plastic membrane 10 mils in thickness; 
over 

 At least 4 inches of ¾-inch crushed rock2 or clean gravel3 
to act as a capillary break 

Standard protection against 
vapor transmission 

 2 inches of dry silty sand1; over 

 Waterproofing plastic membrane 10 mils in thickness 

 If required for either leveling of the subgrade or for 
protection of the membrane from protruding gravel, place 
at least 2 inches of silty sand1 under the membrane. 

Notes: 

1  The silty sand should have a gradation between approximately 15 and 40 percent passing the No. 200 sieve 
and a plasticity index of less than 4.  The on-site sandy soils appear to meet these criteria. 

2 The ¾-inch crushed rock should conform to Section 200-1.2 of the latest edition of the “Greenbook” Standard 
Specifications for Public Works Construction (Public Works Standards, Inc., 2012). 

3  The gravel should contain less than 10 percent of material passing the No. 4 sieve and less than 3 percent 
passing the No. 200 sieve. 

The recommendations presented above are intended to reduce the potential for cracking of slabs; however, even 
with the incorporation of the recommendations presented herein, slabs may still exhibit some cracking. The 
occurrence of concrete shrinkage cracks is independent of the supporting soil characteristics. 

7.8. Drainage Control 
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The control of surface water is essential to the satisfactory performance of the building and site improvements.  
Surface water should be controlled so that conditions of uniform moisture are maintained beneath the 
improvements, even during periods of heavy rainfall. The following recommendations are considered minimal: 

• Ponding and areas of low flow gradients should be avoided. 

• If bare soil within 5 feet of the structure is not avoidable, then a gradient of 5 percent or more should be 
provided sloping away from the improvement. Corresponding paved surfaces should be provided with a 
gradient of at least 1 percent. 

• The remainder of the unpaved areas should be provided with a drainage gradient of at least 2 percent. 

• Positive drainage devices, such as graded swales, paved ditches, and/or catch basins should be 
employed to accumulate and to convey water to appropriate discharge points. 

• Concrete walks and flatwork should not obstruct the free flow of surface water. 

• Brick flatwork should be sealed by mortar or be placed over an impermeable membrane. 

• Area drains should be recessed below grade to allow free flow of water into the basin. 

• Enclosed raised planters should be sealed at the bottom and provided with an ample flow gradient to a 
drainage device. Recessed planters and landscaped areas should be provided with area inlet and 
subsurface drain pipes. 

• Planters should not be located adjacent to the structures wherever possible.  If planters are to be located 
adjacent to the structures, the planters should be positively sealed, should incorporate a subdrain, and 
should be provided with free discharge capacity to a drainage device. 

• Planting areas at grade should be provided with positive drainage. Wherever possible, the grade of 
exposed soil areas should be established above adjacent paved grades.  Drainage devices and curbing 
should be provided to prevent runoff from adjacent pavement or walks into planted areas. 

• Gutter and downspout systems should be provided to capture discharge from roof areas.  The 
accumulated roof water should be conveyed to off-site disposal areas by a pipe or concrete swale system. 

• Landscape watering should be performed judiciously to preclude either soaking or desiccation of soils.  
The watering should be such that it just sustains plant growth without excessive watering. Sprinkler 
systems should be checked periodically to detect leakage and they should be turned off during the rainy 
season. 

8. DESIGN REVIEW AND CONSTRUCTION MONITORING 

Geotechnical review of plans and specifications is of paramount importance in engineering practice. The poor 
performance of many structures has been attributed to inadequate geotechnical review of construction documents. 
Additionally, observation of excavations will be important to the performance of the proposed development. The 
following sections present our recommendations relative to the review of construction documents and the monitoring 
of construction activities. 

8.1. Plans and Specifications  

The design plans and specifications should be reviewed by Twining prior to bidding and construction, as the 
geotechnical recommendations may need to be reevaluated in the light of the actual design configuration and 
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loads. This review is necessary to evaluate whether the recommendations contained in this report and future 
reports have been properly incorporated into the project plans and specifications.  Based on the work already 
performed, this office is best qualified to provide such review.  

8.2. Construction Monitoring 

Site preparation, removal of unsuitable soils, assessment of imported fill materials, fill placement, foundation 
installation, and other site grading operations should be observed and tested.  The substrata exposed during the 
construction may differ from that encountered in the test excavations.  Continuous observation by a representative 
of Twining during construction allows for evaluation of the soil conditions as they are encountered, and allows the 
opportunity to recommend appropriate revisions where necessary.   

The project engineer should be notified prior to exposure of subgrades.  It is critically important that the engineer 
be provided with an opportunity to observe all exposed subgrades prior to burial or covering. 

9. LIMITATIONS 

The recommendations and opinions expressed in this report are based on information obtained from our field 
exploration for the site.  In the event that any of our recommendations conflict with recommendations provided by other 
design professionals, we should be contacted to aid in resolving the discrepancy. 

Due to the limited nature of our field explorations, conditions not observed and described in this report may be present 
on the site. Uncertainties relative to subsurface conditions can be reduced through additional subsurface exploration. 
Additional subsurface evaluation and laboratory testing can be performed upon request. It should be understood that 
conditions different from those anticipated in this report may be encountered during excavation operations, for example, 
the presence of unsuitable soil, and that additional effort may be required to mitigate them.   

Site conditions, including groundwater elevation, can change with time as a result of natural processes or the activities 
of man at the subject site or at nearby sites.  Changes to the applicable laws, regulations, codes, and standards of 
practice may occur as a result of government action or the broadening of knowledge. The findings of this report may, 
therefore, be invalidated over time, in part or in whole, by changes over which Twining has no control.  

Twining’s recommendations for this site are, to a high degree, dependent upon appropriate quality control of foundation 
construction.  Accordingly, the recommendations are made contingent upon the opportunity for Twining to observe 
foundation excavations for the proposed construction.  If parties other than Twining are engaged to provide such 
services, such parties must be notified that they will be required to assume complete responsibility as the geotechnical 
engineer of record and the engineering geologist of record for the geotechnical phase of the project by concurring with 
the recommendations in this report and/or by providing alternative recommendations. 

This document is intended to be used only in its entirety.  No portion of the document, by itself, is designed to completely 
represent any aspect of the project described herein. Twining should be contacted if the reader requires additional 
information or has questions regarding the content, interpretations presented, or completeness of this document. 

This report has been prepared for the exclusive use by the client and its agents for specific application to the proposed 
design and construction of the project described herein.  Any party other than the client who wishes to use this report 
for an adjacent or nearby project, shall notify Twining of such intended use.  Land use, site conditions, or other factors 
may change over time, and additional work may be required with the passage of time.  Based on the intended use of 
this report and the nature of the project, Twining may require that additional work be performed and that an updated 
report be issued.  Non-compliance with any of these requirements by the client or any other party will release Twining 
from any liability resulting from the use of this report by any unauthorized party. 



2883 East Spring Street 
Suite 300 
Long Beach CA 90806 

Tel  562.426.3355 
Fax 562.426.6424 

 

 
Page 16 

 

Twining has endeavored to perform its evaluation using the degree of care and skill ordinarily exercised under similar 
circumstances by reputable geotechnical professionals with experience in this area in similar soil conditions.  No other 
warranty, either expressed or implied, is made as to the conclusions and recommendations contained in this report. 
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Appendix A 
Field Exploration 

General 

The subsurface exploration program for the proposed project consisted of drilling and logging two 8-inch diameter 
exploratory borings at the site on May 18, 2019. The borings were advanced to a maximum depth of 51½ feet. The soil 
boring operations were performed using a truck-mounted CME-75 hollow-stem-auger drill rig. The soil borings were 
performed by 2R Drilling of Chino, California. 

Drilling and Sampling 

The Boring Logs are presented as Figures A-2 through A-3. An explanation of these logs is presented as Figure A-1. 
The Boring Logs describe the earth materials encountered, samples obtained, and show the field and laboratory tests 
performed. The log also shows the boring number, drilling date, and the name of the logger and drilling subcontractor. 
The borings were logged by an engineer using the Unified Soil Classification System. The boundaries between soil 
types shown on the logs are approximate because the transition between different soil layers may be gradual.  Drive 
and bulk samples of representative earth materials were obtained from the borings. 

Disturbed samples were obtained using a Standard Penetration Sampler (SPT). This sampler consists of a 2-inch O.D., 
1.4-inch I.D. split barrel shaft that is advanced into the soil at the bottom of the drilled hole a total of 18 inches. The 
number of blows required to drive the sampler the final 12 inches is presented on the boring logs. Soil samples obtained 
by the SPT were retained in plastic bags. 

A California modified sampler was used to obtain drive samples of the soil encountered. This sampler consists of a 3-
inch outside diameter (O.D.), 2.4-inch inside diameter (I.D.) split barrel shaft that was driven a total of 12-inches into 
the soil at the bottom of the boring by a safety hammer weighing 140 pounds at a drop height of approximately 30 
inches. The soil was retained in brass rings for laboratory testing.  Additional soil from each drive remaining in the 
cutting shoe was usually discarded after visually classifying the soil.  The number of blows required to drive the sampler 
the final 12 inches is presented on the boring logs.   

Upon completion of the borings, the boreholes were backfilled with soil cuttings derived from the excavations.  The 
surface was patched with rapid-set concrete and to match the existing surface.
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Appendix B 
Laboratory Testing 

 
Laboratory Moisture Content and Density Tests 
 
The moisture content and dry densities of driven samples obtained from the exploratory borings were evaluated in 
general accordance with the latest version of ASTM D 2937.  The test results are presented on the logs of the 
exploratory borings in Appendix A and also summarized in Table B-1.  

 
Table B-1 

Laboratory Moisture Content and Dry Density 

Boring No. Depth (feet) 
Moisture Content 

(%) 
Dry Unit Weight 

(pcf) 

B-1 5 12.3 112.3 

B-1 15 3.0 98.8 

B-2 10 7.6 94.9 

B-2 20 14.0 109.6 

 
Wash Sieve 
 
The amount of fines passing the No. 200 sieve was evaluated by the wash sieve on selected soil samples.  The test 
procedure was in general accordance with ASTM D 1140.  The test results are presented in Table B-2. 

 
Table B-2 

No. 200 Wash Sieve Results 

Boring No. Depth (feet) Percent Passing #200 

B-1 5 28.1 

B-1 10 6.8 

B-1 15 9.4 

B-2 0-5 37.2 

B-2 20 16.7 

B-2 25 4.1 

Maximum Dry Density-Optimum Moisture Content 

One selected bulk sample was tested to evaluate the maximum dry density and its optimum moisture content.  The 
test was performed in general accordance with ASTM test method D 1557.  The result is presented on Figure B-1. 

Remolded Direct Shear Test 

A remolded direct shear test was performed on a selected bulk sample in general accordance with the latest version 
of ASTM D 3080 to evaluate the shear strength characteristics of the selected materials. Prior to testing the bulk sample 
was remolded to 90% of the maximum dry density, as determined by ASTM D 1557. The sample was inundated during 
shearing to represent adverse field conditions.  Test results are presented on Figures B-2. 

Direct Shear Test 

Direct shear tests were performed on selected samples in general accordance with the latest version of ASTM D 3080 
to evaluate the shear strength characteristics of the selected materials. The samples were inundated during shearing 
to represent adverse field conditions.  Test results are presented on Figures B-3 and B-4. 
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Consolidation Test 
 
Consolidation tests were performed on selected samples in general accordance with the latest version of ASTM D 
2435. The samples were inundated during testing to represent adverse field conditions.  The percent 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 testing are presented on Figures B-5. 
 
Corrosivity 
 
Soil pH and resistivity tests were performed by Anaheim Test Lab, Inc. on a representative soil sample. The resistivity 
of the soil assumes saturated soil conditions. The chloride and sulfate contents of the selected samples were evaluated 
in general accordance with the latest versions of Caltrans test methods CT417, CT422, and CT 643. The test results 
are presented on Table B-3. 
 

Table B-3 
Corrosivity Test Results 

Boring No. 
Depth 
(feet) 

pH 

Water 
Soluble 
Sulfate 
(ppm) 

Water 
Soluble 
Chloride 

(ppm) 

Minimum 
Resistivity 
(ohm-cm) 

B-2 0 – 5 6.9 226 32 4,800 
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APPENDIX C 

LIQUEFACTION ANALYSIS  



S P T  B A S E D  L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

:: Input parameters and analysis properties ::
Analysis method:
Fines correction method:
Sampling method:
Borehole diameter:
Rod length:
Hammer energy ratio:

NCEER 1998
NCEER 1998
Sampler wo liners
65mm to 115mm
3.30 ft
1.33

G.W.T. (in-situ):
G.W.T. (earthq.):
Earthquake magnitude Mw:
Peak ground acceleration:
Eq. external load:

Project title : Indian Springs HS CTE

Location : 650 N. Del Rosa Drive, San Bernardino, California

Twining, Inc.
2883 E. Spring Street, #300
Long Beach, California

SPT Name: SPT #1

50.00 ft
0.00 ft
7.91
0.76 g
0.00 tsf
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Test
Depth

(ft)

:: Field input data ::

SPT Field
Value

(blows)

Fines
Content

(%)

Unit
Weight

(pcf)

Infl.
Thickness

(ft)

Can
Liquefy

5.00 14 35.00 125.00 5.00 Yes

10.00 19 7.00 105.00 5.00 Yes

15.00 42 10.00 105.00 5.00 Yes

20.00 33 15.00 125.00 5.00 Yes

25.00 63 15.00 125.00 5.00 Yes

30.00 26 15.00 125.00 5.00 Yes

35.00 63 10.00 125.00 5.00 Yes

40.00 21 50.00 125.00 5.00 Yes

45.00 34 10.00 125.00 5.00 Yes

50.00 20 65.00 125.00 5.00 No

Abbreviations
Depth:
SPT Field Value:
Fines Content:
Unit Weight:
Infl. Thickness:
Can Liquefy:

Depth at which test was performed (ft)
Number of blows per foot
Fines content at test depth (%)
Unit weight at test depth (pcf)
Thickness of the soil layer to be considered in settlements analysis (ft)
User defined switch for excluding/including test depth from the analysis procedure

:: Cyclic Resistance Ratio (CRR) calculation data ::

CRR7.5Depth
(ft)

SPT
Field
Value

CN CE CB CR CS (N1)60 (N1)60csα βFines
Content

(%)

σv

(tsf)
uo

(tsf)
σ'vo

(tsf)
Unit

Weight
(pcf)

5.00 14 1.47 1.33 1.00 0.75 1.20 25 5.00 1.20 35 4.00035.00125.00 0.31 0.00 0.31

10.00 19 1.26 1.33 1.00 0.85 1.20 33 0.12 1.01 33 4.0007.00105.00 0.57 0.00 0.57

15.00 42 1.10 1.33 1.00 0.85 1.20 63 0.87 1.02 65 4.00010.00105.00 0.84 0.00 0.84

20.00 33 0.96 1.33 1.00 0.95 1.20 48 2.50 1.05 53 4.00015.00125.00 1.15 0.00 1.15

25.00 63 0.85 1.33 1.00 0.95 1.20 81 2.50 1.05 87 4.00015.00125.00 1.46 0.00 1.46

30.00 26 0.76 1.33 1.00 1.00 1.20 32 2.50 1.05 36 4.00015.00125.00 1.78 0.00 1.78

35.00 63 0.69 1.33 1.00 1.00 1.20 70 0.87 1.02 72 4.00010.00125.00 2.09 0.00 2.09

40.00 21 0.63 1.33 1.00 1.00 1.20 21 5.00 1.20 30 0.48850.00125.00 2.40 0.00 2.40

45.00 34 0.58 1.33 1.00 1.00 1.20 32 0.87 1.02 34 4.00010.00125.00 2.71 0.00 2.71

50.00 20 0.54 1.33 1.00 1.00 1.20 17 5.00 1.20 25 4.00065.00125.00 3.03 0.00 3.03

σv:
uo:
σ'vo:
CN:
CE:
CB:
CR:
CS:
N1(60):
α, β:
N1(60)cs:
CRR7.5:

Total stress during SPT test (tsf)
Water pore pressure during SPT test (tsf)
Effective overburden pressure during SPT test (tsf)
Overburden corretion factor
Energy correction factor
Borehole diameter correction factor
Rod length correction factor
Liner correction factor
Corrected NSPT to a 60% energy ratio
Clean sand equivalent clean sand formula coefficients
Corected N1(60) value for fines content
Cyclic resistance ratio for M=7.5

Abbreviations

σv,eq

(tsf)
rd CSR MSF CSReq,M=7.5 Ksigma CSR*

:: Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Depth
(ft)

Unit
Weight

(pcf)

uo,eq

(tsf)
σ'vo,eq

(tsf)
FSα

5.00 125.00 0.31 0.16 0.16 0.99 0.977 0.87 1.120 1.00 1.120 2.0001.00

10.00 105.00 0.57 0.31 0.26 0.98 1.058 0.87 1.212 1.00 1.212 2.0001.00
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σv,eq

(tsf)
rd CSR MSF CSReq,M=7.5 Ksigma CSR*

:: Cyclic Stress Ratio calculation (CSR fully adjusted and normalized) ::

Depth
(ft)

Unit
Weight

(pcf)

uo,eq

(tsf)
σ'vo,eq

(tsf)
FSα

15.00 105.00 0.84 0.47 0.37 0.97 1.084 0.87 1.243 1.00 1.243 2.0001.00

20.00 125.00 1.15 0.62 0.53 0.96 1.033 0.87 1.185 1.00 1.185 2.0001.00

25.00 125.00 1.46 0.78 0.68 0.94 0.997 0.87 1.143 1.00 1.143 2.0001.00

30.00 125.00 1.78 0.94 0.84 0.92 0.962 0.87 1.103 1.00 1.103 2.0001.00

35.00 125.00 2.09 1.09 1.00 0.89 0.923 0.87 1.058 1.00 1.058 2.0001.00

40.00 125.00 2.40 1.25 1.15 0.85 0.876 0.87 1.004 0.98 1.021 0.4781.00

45.00 125.00 2.71 1.40 1.31 0.80 0.823 0.87 0.943 0.96 0.984 2.0001.00

50.00 125.00 3.03 1.56 1.47 0.75 0.768 0.87 0.880 0.94 0.939 2.0001.00

σv,eq:
uo,eq:
σ'vo,eq:
rd :
α: 
CSR :
MSF :
CSReq,M=7.5:
Ksigma:
CSR*:
FS:

Total overburden pressure at test point, during earthquake (tsf)
Water pressure at test point, during earthquake (tsf)
Effective overburden pressure, during earthquake (tsf)
Nonlinear shear mass factor
Improvement factor due to stone columns
Cyclic Stress Ratio (adjusted for improvement)
Magnitude Scaling Factor
CSR adjusted for M=7.5
Effective overburden stress factor
CSR fully adjusted (user FS applied)***

Calculated factor of safety against soil liquefaction

Abbreviations

1.00*** User FS:

:: Liquefaction potential according to Iwasaki ::

Depth
(ft)

FS F Thickness
(ft)

wz IL

5.00 2.000 0.00 9.24 0.005.00

10.00 2.000 0.00 8.48 0.005.00

15.00 2.000 0.00 7.71 0.005.00

20.00 2.000 0.00 6.95 0.005.00

25.00 2.000 0.00 6.19 0.005.00

30.00 2.000 0.00 5.43 0.005.00

35.00 2.000 0.00 4.67 0.005.00

40.00 0.478 0.52 3.90 3.115.00

45.00 2.000 0.00 3.14 0.005.00

50.00 2.000 0.00 2.38 0.005.00

3.11

IL = 0.00 - No liquefaction
IL between 0.00 and 5 - Liquefaction not probable
IL between 5 and 15 - Liquefaction probable
IL > 15 - Liquefaction certain

Overall potential IL :

:: Vertical settlements estimation for saturated sands ::

Depth
(ft)

D50

(in)
qc/N ev

(%)
∆h
(ft)

s
(in)

5.00 0.01 2.10 0.00 5.00 0.000

10.00 0.05 3.30 0.00 5.00 0.000

15.00 0.05 3.30 0.00 5.00 0.000

20.00 0.01 2.10 0.00 5.00 0.000

25.00 0.01 2.10 0.00 5.00 0.000
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:: Vertical settlements estimation for saturated sands ::

Depth
(ft)

D50

(in)
qc/N ev

(%)
∆h
(ft)

s
(in)

30.00 0.01 2.10 0.00 5.00 0.000

35.00 0.05 3.30 0.00 5.00 0.000

40.00 0.01 2.10 3.41 5.00 2.046

45.00 0.05 3.30 0.00 5.00 0.000

50.00 0.01 2.10 0.00 5.00 0.000

Abbreviations

2.046Cumulative settlements:

D50:
qc/N:
ev:
∆h:
s:

Median grain size (in)
Ratio of cone resistance to SPT
Post liquefaction volumetric strain (%)
Thickness of soil layer to be considered (ft)
Estimated settlement (in)

:: Lateral displacements estimation for saturated sands ::

Depth
(ft)

(N1)60 Dr

(%)
γmax

(%)
dz

(ft)
LDI LD

(ft)

5.00 25 70.00 0.00 5.00 0.000 0.00

10.00 33 80.42 0.00 5.00 0.000 0.00

15.00 63 100.00 0.00 5.00 0.000 0.00

20.00 48 100.00 0.00 5.00 0.000 0.00

25.00 81 100.00 0.00 5.00 0.000 0.00

30.00 32 79.20 0.00 5.00 0.000 0.00

35.00 70 100.00 0.00 5.00 0.000 0.00

40.00 21 64.16 22.70 5.00 0.000 0.00

45.00 32 79.20 0.00 5.00 0.000 0.00

50.00 17 57.72 0.00 5.00 0.000 0.00

0.00

Abbreviations

Cumulative lateral displacements:

Dr:
γmax:
dz:
LDI:
LD:

Relative density (%)
Maximum amplitude of cyclic shear strain (%)
Soil layer thickness (ft)
Lateral displacement index (ft)
Actual estimated displacement (ft)
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AKW GEOTECHNICAL 
 

               GEOLOGICAL CONSULTANTS 

         

Project No. M1126-01 

June 14, 2019 

 

 

Mr. Paul Soltis 

Twining Consulting, Inc.  

Irvine, California  92614 

 

 

Subject: ENGINEERING GEOLOGY INVESTIGATION  

 PROPOSED CTE MODERNIZATION  

 INDIAN SPRINGS HIGH SCHOOL 

 650 NORTH DEL ROSA DRIVE 

 SAN BERNARDINO, CALIFORNIA 

 

 

Dear Mr. Soltis: 

 

In accordance with your authorization, we have performed an engineering geology investigation for 

the proposed CTE Modernization on the campus of Indian Springs High School, in the city of San 

Bernardino, California.  The accompanying report presents results of our investigation and includes 

conclusions and recommendations pertaining to the geologic aspects of the improvements on the site 

as presently proposed.  Twining Consulting, Inc. will be presenting the primary geotechnical report 

for the subject site.  It is our understanding that this engineering geology investigation will be 

included as an appendix in your report.  

Should you have questions regarding this report, or if we may be of further service, please contact the 

undersigned at your convenience. 

Respectfully submitted, 

AKW GEOTECHNICAL 

 

 

 

 

Ernest W. Roumelis 

CEG 2385 

 

 

 

 

 

 

 

 

       P.O. Box 891173 ● Email: akwgeotechnical@verizon.net ●          Telephone (951) 265-9849 

 
 

Temecula, California  92589 
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ENGINEERING GEOLOGY INVESTIGATION 

1. PURPOSE AND SCOPE 

This report presents the findings of our engineering geology investigation for the proposed CTE 

Building Modernization.  The purpose of the study was to address potential site geologic hazard 

conditions for the proposed structure in accordance with 2016 California Building Code (CBSC, 

2016) and California Geological Survey (CGS) Note 48 (CGS, 2013a). 

To prepare this investigation we conducted a review of readily available published and unpublished 

reports, maps and documents pertinent to the proposed site improvements.  We performed a geologic 

field reconnaissance of the site and the surrounding area concurrently with the site investigation by 

Twining Consulting, Inc. (Twining, 2019).   

2. SITE AND PROJECT CONDITIONS 

2.1. EXISTING SITE CONDITIONS 

Indian Springs High School is located at 650 North Del Rosa Drive in the city of San Bernardino, 

California (see Site Location Map, Enclosure 1).   Based on our review of existing USGS topographic 

maps, the current high school campus was officially opened in Fall of 2012. The new high school 

campus occupies the former Curtis Junior High School campus. Based on our review of digital and 

vintage aerial photography (Google Earth, SBCFCD), Curtis JHS was opened in July 1964. In 2009, 

the existing Junior High School was closed and grading operations for construction of the Indian 

Springs High School campus began. Three structures from the original Curtis Junior High School 

campus were incorporated into the new development and are immediately adjacent along the north 

and east portions of the proposed site additions. During the field portion of this investigation, a recent 

crack was observed in one of the three pre-existing structures, immediately east of Boring B-1 in the 

west-facing building wall.  This observed crack was previously repaired and shows an approximate 

repair diameter of less than one-inch wide. No additional information is available for the pre-existing 

CJHS structures. The current topography of the approximately 60-acre campus lies between 1,071 

feet and 1,090 feet above Mean Sea Level (MSL) and slopes gently towards the west. The proposed 

CTE Building Modernization (site) lies at an approximate elevation of 1,079 feet above MSL. The 

existing structures are surrounded by landscape and hardscape improvements. The site topography 

has been modified to direct drainage to area drains in the landscape and hardscape areas of the 

campus. The coordinates of the site are Latitude 34.110952° N and Longitude 117.255620° W, 

utilizing the North American Datum (NAD) from 1983.  The site is located in Township T1S, Range 

R4W, of the San Bernardino Baseline and Meridian in the San Bernardino South 7.5 Minute USGS 
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Quadrangle.  Indian Springs High School is administered by the San Bernardino City Unified School 

District. 

2.2. PROPOSED DEVELOPMENT 

Based on information provided by Ruhnau Clarke Architects, the proposed development consists of a 

1.850 square-foot addition to the existing structure (Enclosure 3, Site Geologic Map). Detailed 

building plans were not available for our review.  However, it is our understanding that significant 

cuts, cut slopes, fills, fill slopes, and/or retaining walls are not proposed with the development of the 

site based on the existing site topography.   

 

2.3. AERIAL PHOTOGRAPH AND TOPOGRAPHIC MAP REVIEW 

Vintage stereoscopic aerial photographs of the site and vicinity from the years between 1930 and 

2014, USGS topographic maps from the years between 1896 and 2018, and three-dimensional 

computer-aided photography flown between the years of 1994 and 2018 and presented by Google 

Earth (Google, 2019) were reviewed for this report.  The earliest images of the vicinity indicate 

agricultural use up to 1964. According to historical records and our vintage aerial photograph survey, 

the Curtis Junior High School campus was established in mid-1964 on the north side of Sixth Street 

approximately 0.3 miles (0.5 kilometers) east of Tippecanoe Avenue. The existing CTE structure was 

constructed sometime after 1964. Multiple northwest-trending lineaments were observed in the region 

both north and south of the overall school campus on several of the pre-1963 San Bernardino County 

Flood Control District (SBCFCD) aerial photographs (USDA-AXM-1930, 1938, 1943, 1953, 1959, 

1962). Most of these lineaments are oriented parallel to the San Andreas and San Jacinto fault 

systems and possibly suggest a tectonic origin (John R. Byerly, 2007, 2008; AKW Geotechnical 

2008). One particular lineament transects the northeastern-most corner of the school campus and 

continues along a trend of N45°W to N55°W just west of Perris Hill. This lineament was addressed 

by previous consultants (Gary S. Rasmussen and Associates, 2003; John R. Byerly, 2003; Twining, 

2015).  Because of the similarity of these trends and faulting in the San Bernardino Valley, we agree 

with previous consultants that any improvements proposed in the northeast quadrant of the campus be 

properly evaluated by the Project Engineering Geologist.  No lineaments indicative of faulting were 

observed within the proposed construction during our aerial photograph and topographic map review. 

However, and as a precaution, all removal bottoms created during grading should be observed and 

evaluated by the Project Engineering Geologist for final determination of fault rupture hazard 

assessment.  
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3. GEOLOGY 

3.1. GEOLOGIC SETTING 

The site is located in the northern portion of the Peninsular Ranges Geomorphic province, within the 

subsiding San Bernardino Valley structural block. The Peninsular Ranges Geomorphic province 

extends southeastward from the foot of the Santa Monica and San Gabriel Mountains to beyond the 

Mexican border and is subdivided into several major structural units; such as the Los Angeles Basin, 

the California Continental Borderland, the Palos Verdes, Santa Ana, Perris, San Jacinto Mountain, 

San Bernardino, San Gabriel and San Jacinto Valley blocks. The Peninsular Ranges province is 

generally characterized by northwest-oriented valleys and mountain ranges bounded by major right 

lateral strike-slip fault zones. The San Andreas Fault zone constitutes the eastern provincial 

boundary; the Patton Escarpment constitutes the western provincial boundary, while the San Jacinto, 

Elsinore and Newport-Inglewood Fault zones are located within the center of the province. Rocks of 

the Peninsular Ranges are typically Cretaceous igneous and marine sedimentary and Paleozoic to 

Mesozoic metasedimentary rocks. Tertiary marine and non-marine sedimentary and volcanic rock 

along with Quaternary sediment lies unconformably on either the Cretaceous sedimentary or the older 

basement rock. The San Bernardino Valley structural block is bounded by the San Andreas fault on 

the northeast, the San Jacinto fault on the southwest, the Crafton Hills and Redlands faults on the east 

and by the Loma Linda Hills on the south. The earth materials encountered on the subject site are 

described in more detail in a subsequent section of this report.  The geologic units encountered onsite 

are Artificial Fill associated with school construction and Quaternary Holocene and Pleistocene 

Alluvium (see Regional Geologic Map, Enclosure 2). These units are discussed below. 

3.2. GEOLOGIC UNITS 

Artificial Fill 

Recent geotechnical borings excavated at the site (Twining, 2019) encountered 3 feet of artificial fill. 

The fill consists of moist, medium to dark to reddish brown fine to medium grained silty sand with 

gravel. No documentation for the artificial fill was encountered during our reference review. The fill 

was probably placed during initial site grading in 1964, with portions of the fill possibly reworked 

during the 2009 – 2012 High School construction phase.  The Artificial Fill should be evaluated by 

the project Geotechnical Engineer for competency with respect to any proposed settlement sensitive 

structures. 

Recent Alluvial Deposits (Late Holocene) 

Recent Alluvial Deposits the site consists of moist, loose to medium dense, dark brown to orange 

brown sand with varying amounts of silt and coarse layered gravel. The alluvium should be evaluated 
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by the project Geotechnical Engineer for competency with respect to any proposed settlement 

sensitive structures. 

Older Alluvial Deposits (Early Holocene to Late Pleistocene) 

At a depth of approximately 20 feet (6.1 meters) drill cuttings indicated a separate alluvium unit with 

significantly more dense, reddish brown fine to coarse sand with varying amounts of silt. Individual 

sand grains were coated with secondary clay minerals, indicating a significantly greater age for the 

sediments. The Older Alluvial Deposits are considered to be Early Holocene to Late Pleistocene in 

age and underlie the site to the maximum depth of recent exploratory borings placed on the site 

[approximately 51.5 feet (15.7 meters) bgs] (Twining, 2019).  The Older Alluvial Deposit at the site 

is estimated to extend to a depth of approximately 1,300 feet (400 meters) bgs, and is underlain by 

denser, metamorphic bedrock (Anderson, et. al., 2004). Based upon our conversation with the Project 

Geotechnical Engineer, seismic design parameters have been developed in accordance with 2016 

CBC and ASCE 7-10 (ASCE, 2010) standards. As discussed in the main geotechnical engineering 

report (Twining, 2019), the project site is classified as Site Class D per ASCE 7-10 Section 20.3.1.  

Bedrock 

Recent geotechnical borings excavated at the site (Twining, 2019) did not encounter bedrock. Based 

on recent groundwater and geophysical surveys (Mendez, et. al., 2018; Anderson, et. al., 2004), 

formational bedrock is anticipated to consist of Pelona Schist metamorphic rock at a depth of 1,600 

feet (488 meters) bgs in the vicinity of the site.  Surficial exposures of the Pelona Schist can be seen 

at two hillside locations northwest of the site, Perris Hill and the Shandin Hills, located 

approximately 1.4 and 3.9 miles (2.3 and 6.3 kilometers) respectively northwest of the site. 

4. SEISMIC HAZARDS 

4.1. FAULTING 

The site is not located within or adjacent to an Alquist-Priolo Earthquake Fault Zone (EFZ).  The 

boundary of the closest Alquist-Priolo EFZ is located approximately 3.1 miles (5.0 kilometers) 

northeast of the site associated with the San Andreas fault (Bryant and Hart, 2007).  Enclosure 5 

shows the locations of the recognized nearby faults with respect to the site. The City of San 

Bernardino (2005) lists the Loma Linda fault as an active fault, with a corresponding Alquist-Priolo 

EFZ located southwest of the school site.  However the California Geological Survey (CGS) removed 

the Alquist-Priolo EFZ in March, 1976.  The Loma Linda fault (as shown on the City of San 

Bernardino General plan) lies approximately 2.7 miles (4.3 kilometers) southwest of the site.  The 
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County of San Bernardino (2007) does not identify any additional hazardous faults in the immediate 

site vicinity. 

A fault table of the active or potentially active faults within 62 miles (100 kilometers) of the site was 

generated by EQFAULT (Blake, 2000a) and was reviewed for this investigation.  However, due to 

the limitations of the data base utilized by Blake, all of the fault distances were determined by 

individual measurements from more precise geologic maps, including the State’s Alquist-Priolo EFZ 

maps, California Geological Survey (2013b), Morton and Miller (2006), Ziony and Jones (1989), 

Jennings (1975, 1977, 1992, 1994), Jennings and Bryant (2010), Jennings et al. (2010), USGS (2018).  

A regional fault map, included as Enclosure 5, displays the approximate locations of the larger or 

better known of these faults closest to the site (CGS, 2005; USGS 2019). A regional fault table, 

included as Enclosure 6, lists the approximate distances, locations and other pertinent details for the 

most significant faults to the site.  

Furthermore, the closest mapped faults and observed lineaments discussed below are considered to 

represent the closest and most significant potential hazard to the site with respect to potential ground 

surface rupture and/or generate strong ground motion in the event of a moderately sized or larger 

earthquake.  

Lineaments 

Multiple northwest-trending lineaments were observed in the region both north and south of the 

overall school campus on several of the pre-1963 San Bernardino County Flood Control District 

(SBCFCD) aerial photographs (USDA-AXM-1930, 1938, 1943, 1953, 1959, 1962). Most of these 

lineaments are oriented parallel to the San Andreas and San Jacinto fault systems and possibly 

suggest a tectonic origin. Various fault trench investigations in the region indicate some of the 

lineaments are the result of faulting and others are simply erosional or depositional features (John R. 

Byerly, 2007, 2008; AKW 2008). One particular lineament transects the northeastern-most corner of 

the school campus and continues along a trend of N45°W to N55°W just west of Perris Hill. This 

lineament was addressed by previous consultants (Gary S. Rasmussen and Associates, 2003; John R. 

Byerly, 2003; Twining, 2015). The intersection of the unnamed normal fault discussed below and the 

lineament observed across the northeast corner of the site suggests that the existence of one most 

likely precludes the other.  Because of the similarity of these trends and faulting in the San 

Bernardino Valley, we agree with previous consultants that any improvements proposed in the 

northeast quadrant of the campus be properly evaluated by the Project Engineering Geologist.  This 

lineament is shown on Enclosure 5 Regional Fault Map.   
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Unnamed Normal Fault 

An unnamed normal fault appears in the literature (Anderson, et. al., 2004) and is postulated to exist 

near the site based on geophysical evidence. The subsurface fault is located between Perris Hill and 

the site and is the result of pull-apart basin formation process followed by clockwise rotation of the 

San Bernardino Valley block. Based on the geophysical data, the fault may lie along the northern 

boundary of the school site approximately 0.3 miles (0.5 kilometers) to the north and trend roughly 

east-west. This potential fault is the closest mapped fault to the site (see Regional Geologic Map, 

Enclosure 5). The intersection of the lineament discussed above and the unnamed normal fault is 

suggests that the existence of one most likely precludes the other. Based on our review of the 

geophysical evidence, the estimated depth to site-bedrock of of 1,600 feet (488 meters) bgs, and the 

proximity of surficial 130 foot-tall (40 meters) Pelona Schist bedrock exposed above the valley floor 

roughly 1.4 miles (2.3 kilometers) north of the school campus site at Perris Hill, we feel the 

possibility of a normal fault is highly plausible.  This unnamed fault is not listed in the 

Documentation for the 2008 and 2014 Updates of the National Seismic Hazard Maps (USGS; 2008, 

2014). 

Unnamed Strike Slip Fault 

Several unnamed strike-slip faults appear in the literature (Anderson, et. al., 2004) and are postulated 

south of the site based on geophysical evidence. These subsurface faults are the result of pull-apart 

basin formation process followed by clockwise rotation of the San Bernardino Valley block. Based 

on the geophysical data, groundwater well logs, and micro-seismicity plots, faults are most likely 

active and lie approximately 1.5 to 4.7 miles (2.4 to 7.6 kilometers) to the south and southeast of the 

site. These unnamed strike-slip faults are not listed in the Documentation for the 2008 and 2014 

Updates of the National Seismic Hazard Maps (USGS; 2008, 2014). 

Loma Linda Fault 

The Loma Linda fault is located approximately 2.7 miles (4.3 kilometers) south-southwest of the site.  

The Loma Linda fault was originally classified as active within State’s Alquist-Priolo EFZ maps, but 

later removed (Hart, 1976) due to lack of evidence indicating Holocene rupture. The San Bernardino 

County General Plan is in agreement with the State’s Alquist Priolo designation, but the City of San 

Bernardino General Plan still shows the fault as active. The Loma Linda fault is not listed in the 

Documentation for the 2008 and 2014 Updates of the National Seismic Hazard Maps (USGS; 2008, 

2014).  



 

Project No. M1126-01 -7- June 14, 2019 
      

 

San Andreas Fault 

The surface trace of the northwest-striking southern strand of the San Andreas fault is located 3.2 

miles (5.2 kilometers) northeast of the site and is classified as active within State’s Alquist-Priolo 

EFZ maps. The San Andreas fault forms the recognized tectonic boundary between the Pacific Plate 

on the southwest and the North American Plate on the northeast.   Geodetic and GPS surveys attribute 

an average of approximately 25 millimeters (1-inch) of accrued slip along the fault each year. Based 

on fault length it is estimated that the San Andreas fault is capable of a MW = 7.9 earthquake and 

several meters of right-lateral strike slip surface rupture. Higher magnitudes of up to 8.2 are possible 

with additional strands rupturing (such as the Mojave, San Bernardino Mountain, and or Coachella 

sections), but are listed as more unlikely. Numerous geologic maps delineate the location of various 

fault strands. The San Andreas fault is listed as a potential hazard in both the San Bernardino City 

and County General Plans and is listed in the Documentation for the 2008 and 2014 Updates of the 

National Seismic Hazard Map (USGS; 2008, 2014). 

 

San Jacinto fault 

The northwest-striking San Bernardino Valley strand of the San Jacinto fault is located approximately 

3.6 mi (5.8 km) southwest of the site. Recent subsurface investigations suggest that the San Jacinto 

and San Andreas faults have ruptured together multiple times over the past 2,000 years (Onderdonk 

et.al., 2018). This suggests that the San Jacinto also acts as the North American Pacific Plate 

boundary. Based on fault length it is estimated that the San Jacinto fault is capable of a MW=7.7 

earthquake and several meters of right-lateral strike slip surface rupture.  The San Jacinto fault is 

listed as a potential hazard in both the San Bernardino City and County General Plans and is listed in 

the Documentation for the 2008 and 2014 Updates of the National Seismic Hazard Map (USGS; 

2008, 2014). 

4.2. EARTHQUAKE HISTORY 

The recorded history of earthquakes prior to the seismograph is sparse and inconsistent.  The oldest 

seismographs (or recordable earthquake devices) originated in Italy in the mid 1800s.  The modern 

seismograph was developed in Japan in 1880 (Richter, 1958).  Electromagnetic seismometers 

(calibrated seismographs) were developed between 1928 and 1930.  Townley and Allen (1939) 

documented earthquakes along the Pacific Coast of the U.S. between 1769 and 1928.  The systematic 

recording of large earthquakes in California began in 1932-1933 by the U.S. Coast and Geodetic 

Survey (Richter, 1958).  As part of our investigation, we reviewed earthquake data recorded between 

A.D. 1800 and 2016 by searching the USGS database (USGS, 2016). Earthquakes in our review are 

derived from Townley and Allen (1939), Richter (1958), Proctor (1973), Real et al. (1978), 
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Toppozada et al. (1981, 2000), Goter (1988, 1992), Goter et al. (1994), Bechtold et al. (1973a, b), 

DuBois et al., (1982), Blake 1989-2000, rev. 2006), U.S.G.S. (2013, 2006), CGS (2009), Southern 

California Earthquake Data Center (2010), Hutton (2010). The nearest significant (above MW 4.5) 

earthquake epicenters to the site is most likely the MW 7.5 1812 Wrightwood Earthquake. The 

previously mentioned MW 5.1 La Habra earthquake was located approximately 14.7 miles (23.6 

kilometers) north of the site and is the closest recent significant earthquake. A table of the most 

significant earthquakes is presented as Enclosure 7.  The epicentral locations of these and other 

nearby earthquakes are presented as Enclosure 8.  

 

5. GROUND MOTION  

The 2016 California Building Code, Section 11.4 ground motion values were generated using the U.S 

Geological Survey (2013) “US Seismic Design Maps” website and tool.  The site coordinates input to 

the USGS program are Latitude 34.110952° N and Longitude 117.255620° W, NAD 1983.  The 

mapped MCE ground motion parameter, SS, is 1.916g from Figure 22-1 of ASCE 7-10 (American 

Society of Civil Engineers, 2010).  The mapped MCE ground motion parameter, S1, is 0.920g from 

Figure 22-2 of ASCE 7-10.  S1, therefore, is greater than 0.75g.  

The Site Coefficient, Fa, is 1.0 from Table 11.4-1 of the ASCE 7-10, based on SS greater than 1.25g 

and Site Class D.  The interpolated Site Coefficient, Fv, is 1.5 from Table 11.4-2 of the ASCE 7-10, 

based on S1 greater than 0.50g and Site Class D.  The Section 11.4.3 Adjusted MCER spectral 

response acceleration parameter, SMS, is 1.916g.  The Section 11.4.3 Adjusted MCER spectral 

response acceleration parameter, SM1, is 1.380g.  The Section 11.4.4 Design spectral response 

acceleration parameter, SDS, is 1.277g.  The Section 11.4.4 Design spectral response acceleration 

parameter, SD1, is 0.920g.  The Long-period Transition Period, TL, is 8 seconds from Figure 22-12 of 

ASCE 7-10. 

The proposed structure on the site is expected to belong to Occupancy Category III.  Based on the S1 

parameter being greater than 0.75g and the Occupancy Category being III, the proposed 

development would be assigned to Seismic Design Category E per the 2016 CBC. As a result, a 

site-specific ground motion analysis in accordance with Section 11.4.7 is necessary.  

In lieu of a site-specific ground motion study, the Peak Ground Acceleration, PGA, for the site is 

0.757g from Figure 22-7 of ASCE 7-10.  From Table 11.8-1 of ASCE 7-10, the Site Coefficient, 

FPGA, is 1.0, based on a PGA equal to 0.757g and Site Class D.  The mapped MCE Geometric Mean 

Peak Ground Acceleration, PGAM, is equal to the Peak Ground Acceleration utilizing Equation 11.8-

1 from ASCE 7-10. The Geotechnical Engineer of Record should determine whether or not 
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liquefaction settlement potential could affect proposed settlement sensitive structures.  

Using Method 1 of Section 21.2.1.1 of ASCE 7-10, CRS is 1.023 from Figure 22-17 of ASCE 7-10; 

CR1 is 0.977 from Figure 22-18 of ASCE 7-10. 

6. GROUNDWATER 

Groundwater was not encountered in the exploratory borings placed on the site during the recent 

geotechnical investigation (Twining, 2019).  Based on our review of historical groundwater 

information (Mendedhall, 1905), this area of San Bernardino shows artesian water conditions. 

Therefore, historic high groundwater in the vicinity of the site is 0 feet (at the surface). Based on the 

referenced literature we recommend a depth of 0 feet (0 meters) bgs be used for any applicable 

liquefaction evaluation. 

7. LIQUEFACTION AND LATERAL SPREADINGThe California Geological 

Survey has not conducted Seismic Hazards Mapping for San Bernardino County.  The United States 

Geological Survey has characterized liquefaction susceptibility in the San Bernardino Valley (Matti 

& Carson, 1991) and indicates the site lies within a zone of Moderate to Moderately High 

susceptibility for ground failure potential for liquefaction. San Bernardino County General Plan 

(2007) and City of San Bernardino General Plan (2005) also include the site in an established High 

Liquefaction Susceptibility hazard zone.  Ground water was not encountered in the exploratory 

borings placed on the site during the current geotechnical investigations (Twining, 2019). The site 

alluvium encountered in the borings is considered to be Holocene to possibly Late Pleistocene in age.  

The potential for liquefaction at the site is to be considered “high” and should be quantitatively 

evaluated by the Geotechnical Engineer as per CGS Special Publication 117A (2009) and appropriate 

recommendations for the proposed structures should be established. No grading plans were available 

for our review.  It is our understanding that no significant slopes will be constructed. Therefore 

Lateral Spreading is not anticipated to be a concern. 

8. LANDSLIDE AND SLOPE STABILITY 

The California Geological Survey (CGS) has not conducted Seismic Hazards Mapping for the San 

Bernardino South 7.5 Minute Quadrangle. Previous State of California hazard assessment for 

Southwestern San Bernardino County (Fife et. al., 1976) addresses landslides and slope stability. No 

areas have been designated as “zones of required investigation for earthquake induced landslides” as 

defined by the State’s Seismic Hazard Mapping Act. It is our understanding that significant cuts, cut 

slopes, fills, fill slopes, and/or retaining walls are not proposed with the development of the site based 

on the existing site topography. Therefore, slope stability hazards are not expected to affect the 
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proposed structure on the site. City Creek Channel is located approximately 0.25 miles (0.4 km) south 

of the site, and Warm Creek Channel is located approximately 0.5 miles (0.9 km) northwest of the 

site. Therefore, lateral spreading is not considered to be a hazard.  

9. SUBSIDENCE AND INFLATION 

Subsidence is a regional lowering of the ground surface.  Inflation is a regional rising of the ground 

surface.  Subsidence and inflation can result from either tectonic or non-tectonic stress changes.  

Tectonically-induced subsidence or tectonically-induced inflation is the result of extension or 

compression (respectively) of the crust.  Non-tectonic subsidence or non-tectonic inflation of the 

ground surface is commonly associated with the removal or addition (respectively) of fluids from 

either an aquifer (ground water) or a reservoir (oil, gas, steam, et cetera).   

 

The City of San Bernardino General Plan (2005) includes the site in an established Subsidence 

Hazard Zone. The City General plan also notes that the San Bernardino Municipal Water District 

instituted a groundwater recharge program in 1972 and that “problems with ground subsidence have 

not been identified since the groundwater recharge program began”. 

 

10. FLOODING 

10.1 Site Flooding  

The Federal Emergency Management Agency [FEMA] (2009) Flood Insurance Rate Map indicates 

the site lies outside the area designated as Zone X described as an area with a 0.2% annual flood 

chance. The City of San Bernardino General Plan does not show the site within an established flood 

zone.   

 

10.2. Seismically Induced Flooding 

No water reservoirs are located near to and higher than the site at the time of this investigation 

(Google, 2019).  The City of San Bernardino (2005) indicates the campus lies within the Seven Oaks 

Dam Inundation Area.  Seven Oaks Dam is an embankment dam located in Upper Santa Ana Canyon, 

near Mentone, Ca. Its primary purpose is flood control for the Santa Ana River floodplain in 

southwestern San Bernardino, western Riverside County and Orange County (USACE, 2003). Since 

the primary purpose of Seven Oaks Dam is flood control and not water storage, the probability of a 

catastrophic seismic failure event during flooding is highly unlikely. The potential for seismically 

induced flood hazard from the Seven Oaks Dam failure is presented as Enclosure 9. 
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10.3. Seiches 

A seiche is an oscillating body and surface wave that is often generated in open bodies of water, such 

as lakes and reservoirs, by large earthquakes.  No large open bodies of water are located on or in the 

vicinity of the site at the time of this investigation.  Seiches are not considered to be a potential 

hazard to the proposed structure. 

10.4. Tsunamis 

A tsunami is a seismically generated ocean wave.  The site is located approximately 50 miles (80 km) 

from the Pacific Ocean.  Therefore, tsunamis are not a hazard to the site. 

  

11. OTHER GEOLOGIC HAZARDS OR ADVERSE SITE CONDITIONS 

The California Geological Survey has identified several additional geologic hazards that may impact 

California Public Schools, Hospitals and Essential Services Buildings (CGS Note 48, 2013). These 

exceptional geologic hazards do not occur statewide; however, they may be pertinent to any given 

site.  Where these conditions exist, relevant information should be communicated to the design team 

so that appropriate mitigation measures can be considered prior to development. These hazards 

include expansive soils, soluble sulfates and corrosive soils, hazardous materials (such as methane 

gas, hydrogen-sulfide gas or tar seeps), volcanic eruption, Radon-222 gas, naturally occurring 

asbestos, and hydro-collapse of alluvial fan soils.  

11.1 Expansive Soils  

Based on our field observations, and the recent subsurface investigation and associated laboratory 

testing (Twining, 2019), highly expansive surficial soils were not observed at the subject site.   

 

11.2 Volcanic Activity  

Volcanic activity in California has usually been associated with former subduction zone tectonism or 

extensional tectonism that permits mantle-derived basalt to extrude onto the surface.  Volcanic 

activity can also be associated with hot spot plumes emanating from the mantle, like Hawaii.  

Jennings (1994) did not show recent volcanic eruptions in the vicinity of the site.  Since a significant 

source of recent volcanism is not located in the vicinity of the site, volcanic activity is not anticipated 

on or near the site during the lifetime of the proposed development. 

11.3 Radon 

Historically, Radon-222 gas has not typically been recognized as an environmental hazard 

consideration in this portion of San Bernardino. The site is not located near organic-rich marine 

shales, commonly characterized to potentially contain Radon-222 gas. The California Geological 
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Survey indicates the site has a “Low” potential for Radon Gas (CGS, 2015), with less than 5 percent 

of home indoor-radon measurements in this study area are likely to exceed the U.S. EPA 

recommended action level of 4 picocuries per liter.  

11.4 Asbestos  

Due to the lack of proximal sources of serpentine or ultramafic rock bodies (CGS, 2000), naturally 

occurring asbestos is not considered a hazard at the site.    

 

The grading plan for the proposed development should be reviewed and approved by the project 

engineering geologist before initiating grading on the site. 
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12. CONCLUSIONS AND RECOMMENDATIONS 

The proposed development consists of a 1.850 square-foot addition to the existing structure.  

Indian Springs High School is located at 650 North Del Rosa Drive in the city of San Bernardino, 

California.   The coordinates of the site are Latitude 34.110952° N and Longitude 117.255620° W, 

utilizing the North American Datum (NAD) from 1983. The site is located in Township T1S, Range 

R4W, Section 14 of the San Bernardino Baseline and Meridian in the San Bernardino South 7.5 

Minute USGS Quadrangle. 

 

The geologic units encountered in borings onsite are Artificial Fill and Holocene Alluvium.  The fill 

consists of moist, medium to reddish brown fine to medium grained sand with gravel. No 

documentation for the artificial fill was encountered during our reference review. The Holocene 

Alluvium on the site consists of moist, loose to medium dense, dark brown to orange brown sand 

with varying amounts of silt and gravel. At a depth of approximately 20 feet (6.1 meters) drill 

cuttings indicated a separate alluvium unit with significantly more dense, reddish brown fine to 

coarse sand with varying amounts of silt. Individual sand grains were coated with secondary clay 

minerals, indicating a significantly greater age for the sediments. The Holocene and Older (possibly 

Pleistocene?) Alluvium underlies the site to the maximum depth of recent exploratory borings placed 

on the site [approximately 51.5 feet (15.7 meters).  Recent geotechnical borings excavated at the site 

(Twining, 2019) did not encounter bedrock. Based on recent groundwater and geophysical surveys, 

formational bedrock is anticipated to consist of Pelona Schist metamorphic rock at a depth of 1,600 

feet (488 meters) bgs in the vicinity of the site.  As discussed in the main geotechnical engineering 

report (Twining, 2019), is classified as Site Class D per ASCE 7-10 Section 20.3.1. Accordingly, a 

site-specific ground motion hazard analysis is required for the proposed building. 

 

The site is not located within or near an Alquist-Priolo Earthquake Fault Zone (EFZ). The boundary 

of the closest Alquist-Priolo EFZ is located approximately 3.1 miles (5.0 kilometers) northeast of the 

site associated with the San Andreas fault. The San Andreas fault is estimated to be capable of 

generating a MW = 7.9 earthquake.  No evidence for active faulting was observed traversing the site 

on the digital aerial photography reviewed for this investigation.   

The nearest significant (above MW 5.0) earthquake epicenter to the site are the MW 7.5 1812 

Wrightwood Earthquake at a distance of approximately 28.7 miles (46.2 kilometers) northwest of the 

site. Based upon our conversation with the Project Geotechnical Engineer, seismic design parameters 

have been developed in accordance with 2016 CBC and ASCE 7-10 standards. As discussed in the 

main geotechnical engineering report (Twining, 2019), the project site classified as Site Class D per 

ASCE 7-10 Section 20.3.1. The interpolated Site Coefficient, Fv, is 1.5 from Table 11.4-2 of the 

ASCE 7-10, based on S1 greater than 0.50g and Site Class D.  The Section 11.4.3 Adjusted MCER 
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spectral response acceleration parameter, SMS, is 1.916g.  The Section 11.4.3 Adjusted MCER spectral 

response acceleration parameter, SM1, is 1.380g.  The Section 11.4.4 Design spectral response 

acceleration parameter, SDS, is 1.277g.  The Section 11.4.4 Design spectral response acceleration 

parameter, SD1, is 0.920g.  The Long-period Transition Period, TL, is 8 seconds from Figure 22-12 of 

ASCE 7-10. Accordingly, a site-specific ground motion hazard analysis is required for the proposed 

building. 

Groundwater was not encountered in the exploratory borings placed on the site during the recent 

geotechnical investigation (Twining, 2019).  Based on our review of historical groundwater 

information (USGS, 1905), this area of San Bernardino shows artesian water conditions. Therefore, 

historic high groundwater in the vicinity of the site is 0 feet (at the surface). Based on the referenced 

literature we recommend a depth of 0 feet (0 meters) bgs be used for any applicable liquefaction 

evaluation. 

The United States Geological Survey has characterized liquefaction susceptibility in the San 

Bernardino Valley and indicates the site lies within a zone of Moderate to Moderately High 

susceptibility for ground failure potential for liquefaction. San Bernardino County General Plan and 

City of San Bernardino General Plan also include the site in an established High Liquefaction 

Susceptibility hazard zone. The potential for liquefaction at the site is to be considered “high” and 

should be quantitatively evaluated by the Geotechnical Engineer as per CGS Special Publication 

117A and appropriate recommendations for the proposed structures should be established. No 

grading plans were available for our review.  It is our understanding that no significant slopes will be 

constructed. Therefore Lateral Spreading is not anticipated to be a concern. 

Previous State of California hazard assessment for Southwestern San Bernardino County addresses 

landslides and slope stability. No areas have been designated as “zones of required investigation for 

earthquake induced landslides” as defined by the State’s Seismic Hazard Mapping Act. It is our 

understanding that significant cuts, cut slopes, fills, fill slopes, and/or retaining walls are not proposed 

with the development of the site based on the existing site topography. Therefore, slope stability 

hazards are not expected to affect the proposed structure on the site. City Creek Channel is located 

approximately 0.25 miles (0.4 km) south of the site, and Warm Creek Channel is located 

approximately 0.5 miles (0.9 km) northwest of the site. Therefore, lateral spreading is not considered 

to be a hazard. 

The City of San Bernardino General Plan includes the site in an established Subsidence Hazard Zone. 

The City General plan also notes that the San Bernardino Municipal Water District instituted a 
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groundwater recharge program in 1972 and that “problems with ground subsidence have not been 

identified since the groundwater recharge program began”. 

 

The Federal Emergency Management Agency [FEMA] Flood Insurance Rate Map indicates the site 

lies within an area designated as Zone X described as an area with a 0.2% annual flood chance. The 

City of San Bernardino General Plan does not show the site within an established flood zone. 

 

The City of San Bernardino General Plan indicates the campus lies within the Seven Oaks Dam 

Inundation Area. 

 

Seiches are not considered to be a potential hazard to the proposed structure. 

 

The site is located approximately 50 miles (80 km) from the Pacific Ocean.  Therefore, tsunamis are 

not a hazard to the site. 

 

A discussion regarding the geotechnical parameters and site expansive soil potential will be provided 

in the geotechnical portion of Twining’s report.  Since a significant source of recent volcanism is not 

located in the vicinity of the site, volcanic activity is not anticipated on or near the site during the 

lifetime of the proposed development. The California Geological Survey indicates the site has a 

“Low” potential for Radon Gas.  

 

The grading plan for the proposed development should be reviewed and approved by the project 

engineering geologist before initiating grading on the site. 
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APPENDIX A 

TECHNICAL REFERENCES 

Presented below is a list of appropriate and current geology and seismology references pertinent to the 

project site-specific conditions. Regional or “standard of practice” references that generally pertain to 

this type of report are referenced in our report, but omitted in the Technical References section for 

brevity.  Please contact our office for a full reference list. 

1. AKW Geotechnical (2008). Supplemental Fault Trenching Report, Proposed Highland 

Community Day School, North Side of Baseline Street, West of Victoria Avenue, Highland, 

California; Project No. M1025-FE, 10p, 5 enc.  

2. Anderson, Anderson, M., J. Matti, and R. Jachens (2004). Structural model of the San 

Bernardino basin, California, from analysis of gravity, aeromagnetic, and seismicity data, J. 

Geophys. Res., 109, B04404, doi:10.1029/2003JB002544 

3. American Society of Civil Engineers (2010).  Minimum design loads for buildings and other 

structures. American Society of Civil Engineers ASCE Standard [ASCE/SEI 7-10], including 

Supplement No. 1 and Errata. 

4. California Building Standards Commission (2016). “2016 California Building Code.”  

California Building Standards Commission, after the International Code Council, Inc.  

5. California Geological Survey (2013a). “Checklist for the Review of Engineering Geology and 

Seismology Reports for California Public Schools, Hospitals, and Essential Services 

Buildings”, California Resources Agency, Department of Conservation, Geological Survey 

Website: https://www.conservation.ca.gov/cgs/Documents/Note_48.pdf    

6. California Geological Survey (2013b). “Search For Regulatory Maps Webpage”, California 

Resources Agency, Department of Conservation, Geological Survey Website: 

http://www.quake.ca.gov/gmaps/WH/regulatorymaps.htm    

7. California Geological Survey* (2005). Bryant, W. A. (compiler), 2005, Digital Database of 

Quaternary and Younger Faults from the Fault Activity Map of California, version 2.0: CGS 

WebPage,http://www.consrv.ca.gov/CGS/information/publications/QuaternaryFaults_ver2.htm

, accessed 5/30/2019. 

8. California Geological Survey* (2000).  A General Location Guide for Ultramafic Rocks in 

California – Areas More Likely to Contain Naturally Occurring Asbestos, CGS Open File 

Report 2000-019, 7p. 

9. City of San Bernardino (2005). General Plan, City URL: http://www.ci.san-

bernardino.ca.us/pdf/DevSvcs/General%20Plan%20Document.pdf 

10. County of San Bernardino (2007). County of San Bernardino Plan, Safety Element Version, 

County URL: https://cms.sbcounty.gov/lus/Planning/GeneralPlan.aspx 

11. Federal Emergency Management Agency (2009).  “Flood Insurance Rate Map, San Bernardino 

County, California, (Panel No’s. 06071C8682J).”  U.S. Department of Homeland Security, 

Federal Emergency Management Agency, Scale: 1” = 1,000’. 

12. Fife, D., Rodgers, D., Chase, R., Sprotte, E., & Morton, D., (1976). Geologic Hazards in 

Southwestern San Bernardino County, California, CGS* Special Report 113, 41p. 11 plates.  

http://www.ci.san-bernardino.ca.us/pdf/DevSvcs/General%20Plan%20Document.pdf
http://www.ci.san-bernardino.ca.us/pdf/DevSvcs/General%20Plan%20Document.pdf
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13. Gary S. Rasmussen & Associates, Inc., 2003, Engineering Geology Investigation, Proposed 

High School No. 8, Northwest of Del Rosa Drive and 6th Street, San Bernardino, California: 

dated November 5, 29 pp. plus enclosures [incorporated into John R. Byerly, Inc. (2003), q.v.]. 

14. Google (2019).  “Google Earth Pro” (Version 7.3.2.5776) 

15. Hart, E., (1976). Fault Evaluation Report FER-4, Loma Linda Fault, Vicinity of Loma Linda, 

San Bernardino County; San Bernardino South and Redlands 7.5’Quads, Amendment to 

Special Studies Zone. 5p, 2 figures.  

16. John R. Byerly, (2008). Proposed Highland Community Day School, North Side of Baseline 

Street, West of Victoria Avenue, Highland, California; Response to Engineering Geology and 

Seismology review:  Project No. S-12209, 7p, 5 enc. 

17. John R. Byerly, (2007). Geotechnical Report, Proposed Highland Community Day School, 

North Side of Baseline Street, West of Victoria Avenue, Highland, California; Project No. S-

12209, 41p, 23 enc. 

18. John R. Byerly, Inc., (2003).  Preliminary Geotechnical Investigation, Proposed High School 

No. 8, Del Rosa Drive, San Bernardino, California, dated: December 15. 

19. Matti, J., and Carson, S., (1991). Liquefaction Susceptibility in the San Bernardino Valley and 

Vicinity, Southern California – A Regional Evaluation, US Geological Survey Bulletin 1898, 

64p. 

20. Mendenhall (1905).  “Water Supply and Irrigation Paper No. 142: Hydrology of the San 

Bernardino Valley, California”, U.S. Department of the Interior, United States Geological 

Survey, 131p. 

21. Mendez, G.O., Anders, R., McPherson, K.R., and Danskin, W.R., 2018, Geologic, hydrologic, 

and water-quality data from multiple-well monitoring sites in the Bunker Hill and Yucaipa 

Groundwater Subbasins, San Bernardino County, California, 1974–2016 (ver 1.1, November 

2018): U.S. Geological Survey Data Series 1096, 215 p., https://doi.org/10.3133/ds1096 

22. Morton, D.M., and Miller, F.K., (2006), “Geologic map of the San Bernardino and Santa Ana 

30’ X 60’ quadrangles, California.”  U.S. Department of the Interior, Geological Survey Open-

File Report, OFR 06-1217, Version 1.0, Scale:  1” ≈ 1.5 miles 

23. Onderdonk, N., McGill, S., and Rockwell, T., 2018, A 3700 yr paleoseismic record from the 

northern San Jacinto fault and implications for joint rupture of the San Jacinto and San Andreas 

faults: Geosphere, v. 14, no. 6, p. 2447–2468, https://doi.org/10 .1130 /GES01687.1. 

24. Ruhnau Clarke Architects, Indian Springs HS CTE Modernization, CTE Building Floor Plan 

A1-1.2, plans dated 11/27/2018. 

25. Twining (2015).  Geotechnical Engineering and Engineering Geology Investigation Report, 

Indian Springs High School Performing Arts Center, 650 North Del Rosa Drive, San 

Bernardino County, San Bernardino, California, Project No. 150190.3, (86p).  

26. Twining (2019).  Geotechnical Engineering and Engineering Evaluation Report, Indian Springs 

High School CTE Building Modernization, 650 North Del Rosa Drive, San Bernardino, 

California, (report in progress).  

27. United States Army Corps of Engineers, (2003). Water Control Manual, Seven Oaks Dam a& 

Reservoir, Santa Ana River, San Bernardino County, California, website http://resreg.spl.usace. 

army.mil/library.WCM%20AND%20REFERENCES/SEVEN%20OAKS/SOAK_WCM.pdf 

https://doi.org/10.3133/ds1096
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28. United States Department of Agriculture (various years).  Aerial Photographs, Flight AXK-

1930, 1938, 1943, 1953, 1959, 1962, Scale: 1:20,000 (typically, but varies) 

29. United States Geological Survey (2008).  “Documentation for the 2008 Update of the United 

States National Seismic Hazard Maps:  Appendix I.  Parameters for Faults in California.” U.S. 

Department of the Interior, Geological Survey Webpage: http://pubs.usgs.gov/of/2008/ 

1128/pdf/OF08-1128_1.1.pdf. 

30. United States Geological Survey (2012a).  “US Seismic Design Maps Tool”,   U.S. Department 

of the Interior, Geological Survey, Webpage: 

http://geohazards.usgs.gov/designmaps/us/application.php.  (including revisions based on 

pending ASCE 7-10 April 2013 Erratum). 

31. United States Geological Survey 2019a, Quaternary fault and fold database for the United 

States, accessed 5/19/2019, from USGS web site: 

https://earthquake.usgs.gov/static/lfs/nshm/qfaults/. 

32. United States Geological Survey,  2019b, Earthquake Search Catalog, accessed 06/02/2019, 

from USGS web site: https://earthquake.usgs.gov/earthquakes/search/. 

33. United States Geological Survey (2014).  “Documentation for the 2014 Update of the United 

States National Seismic Hazard Maps”, U.S. Department of the Interior, Geological Survey 

Webpage: https://pubs.usgs.gov/of/2014/1091/. 

*  California Geological Survey was named “California Division of Mines and Geology” prior to 

August, 2006. 

https://pubs.usgs.gov/of/2014/1091/
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Regional Fault Table

Fault
Maximum 
Potential 

Magnitude

Closest 
Distance to 
Site (km)

Closest 
Distance to 

Site (mi)
Direction

Fault 
Type

1 lineament 0.5 0.3 NE SS?

2 unnamed normal fault 0.5 0.3 N N

3 unnamed strike slip fault 2.4 1.5 SW SS

4 Loma Linda 7.7 4.3 2.7 SSW SS

5 San Andreas 7.9 5.2 3.2 NE SS

6 Mill Creek fault 7.9 5.8 3.6 NE SS

7 San Jacinto (San Bernardino Valley Section) 7.7 5.8 3.6 SW SS

8 Rialto-Colton fault 7.7 7.9 4.9 SW R

9 Glen Helen fault 7.7 8.5 5.3 WNW SS?

10 Devils Canyon fault 8.9 5.6 NE SS

11 San Timoteo Canyon 9.2 5.7 SSE SS

12 Arrowhead fault 10.8 6.7 NNE R

13 Redlands fault 11.1 6.9 SE SS

14 Waterman Canyon fault 6.5 11.5 7.1 N R

15 Santa Ana fault 12.3 7.6 NE R

16 Reservoir Canyon 14.4 8.9 ESE SS

17 Crafton Hills 6.4 16.6 10.3 SE N?

18 Fontana Seismic Trend 6.2 17.5 10.9 W SS?

19 Sierra Madre 6.6 19.3 12.0 WNW R

20 Cleghorn 6.7 18.1 11.2 N SS

M1126‐01
Enclosure 6

June 14, 2019
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HISTORIC EARTHQUAKE TABLE

Latitude Longtitude Date
Depth 

(km)

Quake 

Magnitude

34.371 -117.650 12/8/1812 ?? 7.5

33.631 -118.000 3/11/1933 6.0 6.4

34.203 -116.827 6/28/1992 3.6 6.3

33.960 -116.317 4/23/1992 11.6 6.1

33.983 -116.331 12/4/1948 6.0 6.0

33.999 -116.608 7/8/1986 9.5 6.0

34.061 -118.079 10/1/1987 8.9 5.9

34.270 -117.993 6/28/1991 8.0 5.8

34.120 -116.323 6/28/1992 5.7 5.7

34.105 -116.403 6/29/1992 9.6 5.7

34.240 -117.040 10/16/1999 6.0 5.6

34.162 -116.852 6/28/1992 9.6 5.5

34.144 -117.697 2/28/1990 3.3 5.5

34.115 -116.426 6/28/1992 7.5 5.5

33.949 -117.766 7/29/2008 15.5 5.4

34.341 -116.511 6/28/1992 4.4 5.4

34.442 -116.253 10/16/1999 0.8 5.4

33.475 -116.500 2/25/1980 19.4 5.3

34.330 -116.464 7/1/1992 5.1 5.3

34.089 -116.282 5/18/1940 6.0 5.3

33.994 -116.481 7/24/1947 6.0 5.3

33.624 -118.001 3/11/1933 6.0 5.3

33.704 -116.938 9/23/1963 10.7 5.3

34.512 -116.488 6/1/1975 0.1 5.3

34.268 -116.968 8/29/1943 6.0 5.3

34.255 -116.912 6/28/1992 6.6 5.3

34.064 -116.361 9/15/1992 7.2 5.3

34.369 -116.898 12/4/1992 1.3 5.3

34.074 -118.098 10/4/1987 7.7 5.3

34.002 -116.699 6/12/1944 6.0 5.2

34.030 -116.406 7/25/1947 6.0 5.2

34.326 -116.416 3/15/1979 9.3 5.2

34.195 -116.863 8/17/1992 9.4 5.2

33.699 -117.511 5/31/1938 10.2 5.2

34.255 -117.534 9/12/1970 10.8 5.2

33.533 -116.567 6/12/2005 13.1 5.2

34.037 -116.307 5/18/1940 6.0 5.2

33.791 -118.264 11/14/1941 6.0 5.1

33.933 -117.916 3/29/2014 5.1 5.1

34.105 -116.390 6/29/1992 11.2 5.1

33.989 -116.731 6/12/1944 6.0 5.1

33.979 -116.681 12/16/1988 6.9 5.0

34.151 -118.130 12/3/1988 13.7 5.0

33.508 -116.514 10/31/2001 13.7 5.0

33.767 -117.985 3/11/1933 6.0 5.0

34.029 -116.321 8/21/1993 8.2 5.0

34.061 -116.473 6/28/1992 5.4 5.0

34.103 -116.425 6/28/1992 5.6 5.0

33.850 -118.266 3/11/1933 16.0 5.0

Project No. M1126-01
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SITE

*

SOURCE: City of San Bernardino General Plan, 2005

Scale as shown
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/10/2021

General

Would it be possible to arrange another job walk with the sub contractors on February 18th or
February 19th?

RFI#3

District held one job walk, no additional site walks

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/10/2021

General

1. Is Bldg 'L' going to be occupied during the construction? 
2. Is it possible for the contractor to access the site from 6th Street ?
3. Is it possible for the contractor to use portion of Parking lot for Employee parking and lay down
of trailer offices?
4. Is it possible to use the area adjacent to Bldg 'M' and 'N' on each side for material laydown?

RFI#4

1. Building L potentially will be occupied. District to verify at pre-con meeting with selected
contractor.
2 to 4 - Refer to spec section 01 52 00, 01 52 13 and 01 55 00

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/10/2021

General

Please provide us with the list and specs of the equipment to be removed, Salvaged and
relocated from Building M to Building N. 
Also, If there are any additional equipment that needs to go into the CTE labs in Bldg N, Please
specify the specifications of new equipment.

RFI#5

Refer to addendum E for all equipment to be removed, salvaged and relocated to its new
location. Go to the following link to download pictures and cut sheets of existing equipment.
new Equipment listed on the attached file.

Link: https://files.ruhnauclarke.com/public/73dc10

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

06 4100

Sheet A1-1.1 Note#02.550 shows "existing casework and furniture remains." Is it intent to
Remove, Salvage and put back the casework in the same location since in many locations the
concrete slab is scheduled to be demoed.

RFI#6

A1-1.1

Refer to addendum 1 - dated 1/19/21, Keynote 02.550 has been revised to read as follows: 
"EXISTING CASEWORK AND FURNITURE TO BE REMOVED, SALVAGED, STORED
AND RE-INSTALLED IN CURRENT PLACE."

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

23 0000

Sheet S1-3.2 shows all the plywood roof substrate is removed and replaced. M1-1.1 Note#2
shows ductwork to be remain in place at storage room. Is ductwork attached to plywood to be
demolished to new plywood substrate? Please advise.

RFI#7

M1-1.1

Existing duct work to be removed, salvaged stored and re-installed in current place. Contractor
to coordinate with mechanical plans to modify any existing duck with new RCP layout.

Bryan Dunaj, RCA 2/17/21

duct
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

26 0000

Sheet E1-1.1, Please confirm that the electric power brought to bldg. M & N is existing.

RFI#8

E1-1.1

Confirmed.  See single line diagram (E0.10) and site plan (E1.1)
Brian Smith, 2021-01-12
Senior Vice President
Salas O'Brien
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

26 0000

Sheet E1-1.3, Please confirm that there are existing conduits and no new conduits are required to
bring signaling to Bldg. M & N.

RFI#9

E1-1.3

Confirmed.  See site plans (E1-1.1 and E1-1.3)
Brian Smith, 2021-01-12
Senior Vice President
Salas O'Brien
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

On sheet C 3.1, Note#2 shows "Vault is adjusted to grade". 
1. What kind of Vault is it?
2. Is there adequate space for the piping in the vault to be adjusted without adding new piping?

RFI#10

C 3.1

The smaller square symbol shown is identified by the survey as a water utility box. The larger square symbol is
identified as unknown utility. There was no utility survey conducted and adjustment requirements will have to be
determined in the field.

Rick Gothe
EPIC Engineers
2/12/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

Please confirm that the deepened footing shown on C3.1 at addition for Bldg. M is per          
detail 1/SD 1.1. If not, Please clarify

RFI#11

C 3.1

The structural engineer will need to verify the details required for the construction of the deepened footing.

Rick Gothe
EPIC Engineers
2/12/2021

Refer to structural drawings for footing details

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

On Sheet C 1.1 Legend "Area of Removal" indicates removal at existing parking lot for ADA
compliance. On Plan Sheet AS 2.2, Detail 9 Enlarged parking lot layout, Note 02.449 shows
concrete paving to remain. Please confirm that no new concrete paving is required per         
Detail 9/AS 2.2.

RFI#12

C 1.1 and AS 2.2

No new pavement is required in parking lot. The lines are the existing striping pattern not area of removal hatch.

Rick Gothe
EPIC Engineers
2/12/2021
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

Per Detail 2 on Sheet AS 2.1, Please confirm that new ramp to the south of Bldg M is detail
7/AS2.2 and New ramp to the west of the Bldg M is detail 6/AS 2.2.

RFI#13

AS 2.1

New ramps for building M are details 7 & 20/AS-2.2. See snapshots below:

South of Bldg M West of Bldg M
AS-2.2

7

NEW RAMP

20' - 0"

2
"

AS-2.2

20

NEW 

RAMP

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

Please confirm that all detectable warning tiles shown on Detail 9/AS 2.2 are existing and remain
in place.

RFI#14

AS 2.2

Confirmed, all detectable warning tiles are existing to remain in place

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

On Sheet A1-1.1 Note 02.493 and 02.494 shows Gas kiln and Elect. Kiln to be relocated. Please
provide Model number and specifications for Gas Kiln and Elec. Kiln.

Please provide details on M1-1.3 to vent gas kiln hood.

RFI#15

A1-1.1`

The gas kiln has a hood that is to be moved with it and there is an opening in the new roof above the 
new location to accommodate it. 
David L. Nack, PE 
2-12-2021

Refer to addendum E for additional information on the model numbers.

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

Please confirm that the existing HVAC equipment and Exhaust fans are to be removed per
legend on sheet A1-3.1

RFI#16

A1-3.1

That is not correct.  They are to be removed by Mechanical Plans and associated addendums. 
David L. Nack, PE 
2-12-2021
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

Confirmed, all existing roof plywood sheathing is to be removed and replaced as indicated on
the approved plans.
-James Donahue, KNA Structural Engineers, 02/15/2021

02/11/2021

Per Sheet S1-3.2, Please confirm that all the roof sheathing is to be removed and replaced

RFI#17

S1-3.2
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

Page#99 Article 3.3.7

Are the material delivery timings to the job site limited? If so, Please specify the timings for
delivery

RFI#18

Refer to spec section 01 10 00 and 01 32 16 for procedures.

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

Article 3.3.11 Page#100

Please specify the periods of testing for contractor use so that noise can be controlled.

RFI#19

Refer to summary spec section 01 10 00 - 5 - 1.08 - E

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

Artical 3.6 Page#101

Please confirm that no off site permit fee is required.

RFI#20

Refer to spec section 01 10 00 - 3 - 1.06 Permits , Licenses and Fees

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

Article 13.12 Page 202

Since there is less than 1 acre being disturbed, Please confirm that SWPPP is not required

RFI#21

If under disturbed area is under an acre, no SWPPP required, but erosion protection measures should still be
implemented during construction..

Rick Gothe
EPIC Engineers
2/18/2021
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

01 3114

Spec Section 01 3114 Facility service coordination Paragraph 3.01 J 1.a., Please confirm that a
full time on site project manager is required along with full time project superintendent.

RFI#22

Confirmed

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

01 3114

Spec Section 01 3114 Facility service coordination Paragraph 3.02 A.1., Please confirm that the
BIM coordination and drawings are required for this project.

RFI#23

confirmed

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

01 9113

Spec Section 019113 general commissioning 1.02 A.1.a., What are the building envelope criteria
that are subjected to air tightness commissioning.

RFI#24

Selected contractor to employee commissioning authority per spec section 01 91 13.
Commissioning agent authority  to provide criteria.

Bryan Dunaj, RCA 2/18/21.
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PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

02 4100

Since the demolition will be completed before August, will it be acceptable for noise control per
spec section 02 4100 3.01 E. 6 a. sound level to be 70 dB measured on the face of Bldg R

RFI#25

Keep noise control  per spec section requirements 

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

03 01 00 3.04

1. Spec section 03 0100 3.04, Please identify size/diameter of crack that will require epoxy
adhesive injection.

2. Will the district establish a quantity of crack repair for all bidders to include in their bid for
competitive bidding.

RFI#26

Quantity of crack repair will not be fully evident until demolition precedes. District will not be
establishing quantity of crack repair for all bidders. Contractor to provide best judgment in
establishing crack repair allowance in bid

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

03 01 00 3.05

1. Spec section 03 0100 3.05 Surface repair, what percentage of concrete remaining after
detailed concrete demo (A1-1.1) should contractor include for concrete surface repair.

RFI#27

Contractor to use best practices. final percentage of concrete repair will not be fully evident until
demolition takes place.

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/11/2021

04 0100

1. Spec section 04 0100 1.01 A, what percentage of existing masonry mortar joints will need to be
repointed.

2. Is there any damaged masonry required to be repaired. If so, please specify the locations and
specs.

RFI#28

1. Contractor to provide best judgment in establishing repointing of masonry repair allowance in bid.

2. Areas of masonry repair identified on forthcoming addendum. Refer to spec section 04 01 00 for repair of
damaged masonry. 

Bryan Dunaj, RCA 2/17/21
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Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/12/2021

01 9113

Spec Section 01 9113 1.02. 9. Indoor air quality procedures : See section 01 5719 for temporary
environmental controls. But there is no Spec section 01 5719 in the bid documents. Please
advise.

RFI#29

Refer to  spec 01 57 00 Temporary Controls . 

Bryan Dunaj, RCA 2/17/21



F21-01 Indian Springs HS – CTE Manufacturing Pre-Bid Clarification Form 

San Bernardino City Unified School District Page 15 

Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/12/2021

07 5400

Spec section 075400-7 2.03 A. Insulation shows additional tapered polyisocyanurate layers for
crickets, where as 2.06. 4. shows Tapered board : Slope as indicated. Is tapered
polyisocyanurate board for the entire roof deck or just for the return crickets? Please clarify

RFI#30

A1-3.2

Tapered board as needed to achieve proper roof drainage to new or existing crickets on new
roof finish

Bryan Dunaj, RCA 2/17/21



F21-01 Indian Springs HS – CTE Manufacturing Pre-Bid Clarification Form 

San Bernardino City Unified School District Page 15 

Pre-Bid Clarification Form (For CONTRACTOR’s Use during Bid only) 

PROJECT NAME: 

PROJECT NUMBER: 

TO: EMAIL: 

DATE: 

FROM: EMAIL: 
DOCUMENT/DIVISION 

NUMBER: 
DRAWING 

NUMBER: 

REQUESTED CLARIFICATION: 

RESPONSE TO CLARIFICATION: 

Indian Springs High School- CTE Manufacturing

F21-01

Mr. Bryan K. Dunaj bids@ruhnauclarke.com

P.H. Hagopian Contractor, Inc. Builders@phhagopian.com

02/12/2021

A1-1.1

Plan Sheet A1-1.1 Keynote 02-203 shows existing cantilever metal rack. Please provide us with
the location of existing cantilever metal rack. 

2. Where is it relocated to?

3. Please provide us with the specifications of Cantilever metal rack.

RFI#31

A1-3.2

1. Refer to forthcoming addendum for existing rack location on sheet A1-1.1.
2. Refer to addendum E for placement of relocated racks (space M102). 
3. Do not have specs for existing rack but photos of rack & image of sign on rack seen below.

Bryan Dunaj, RCA 2/17/21
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2/12/2021001

Angeles Contractor, Inc.
783 Phillips Drive, City of Industry, CA 91748

Luis Ramirez 2/12/2021

Missing Drawing Sheets

A1-5.1, A1-7.4, A1-9.2, AD-1.1, E2-1.1

Sheets A1-5.1, A1-7.4, A1-9.2, AD-1.1, E2-1.1 are not included in the bid set.
Please provide.

Bryan Dunaj

Refer to  Addendum 01 issued on 1/29/21 by Crisp Imaging. Addedum can be
purchased at
https://order.planwell.com/Pwell_Project_Main.asp?show=yes&SessionFlag=Y&pub
=1027-1-6145
Bryan Dunaj, RCA 2/17/21

nelliekarbum
Text Box
RFI # 32
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SECTION 00 43 25

SUBSTITUTION REQUEST FORM - DURING PROCUREMENT

SUBSTITUTION REQUEST NO.

DATE:

PROJECT NAME: INDIAN SPRINGS HS CTE - MODERNIZATION

PROJECT NUMBER: 1-78-25

TO: RUHNAU CLARKE ARCHITECTS

From:

3775 Tenth Street, Riverside, California 92501

We hereby submit for your consideration the following product comparisons of the specified
product and the proposed substitution. The undersigned fully understands that failure to
answer any item below may be cause for rejection of request for substitution.

Request for substitution shall only be made during bidding (not later than 7 days prior to bid
opening for inclusion by Addendum) except under conditions beyond control of Contractor.

SPECIFIED PRODUCT:

Project Manual Section Title Number Page Paragraph _.

Drawing No. Detail No.

Proposed Substitution:

Manufacturer: Tel:

A. Is the point -by -point comparative data attached? - REQUIRED BY A/E

B. Reason request for substitution is being submitted:

DIFFERENCES BETWEEN PROPOSED SUBSTITUTION AND SPECIFIED PRODUCT

A. Does proposed substitution affect in any way the Structural Safety, Access Compliance, or Fire
& Life Safety portions of the project? No__ Yes__

Explain

B. Does proposed substitution affect dimensions, gages, weights, etc. on Drawing? No_ Yes_
Explain

San Bernardino City Unified School District
Indian Springs HS CTE - Modernization
RCA Project No. 1-78-25

SUBSTITUTION REQUEST FORM -

DURING PROCUREMENT

00 43 25 - 1

2/9/21

Alfrex

Metal Composite Material
Metal Composite     074213.23 2.01B

Alfrex FR Metal Composite Material

Alfrex 803-464-3418

Alfrex is an as equal product to the
specification.

x

x



Alfrex is not a composite
metal panel
manufacturer but only a
facing material for such
system as Altech panel
systems





. . . Alfrex FR MCM Executive Summary

. . . Alfrex FR Product Guide

. . . Product Certification Summary

. . . Alfrex FR Product & Technical Data

. . . MCM Competitor Comparison Matrices

. . . Alfrex Product Finishes Color Chart

. . . Specification: 07 42 13 Composite Metal Wall Panels

. . . ICC-ES Evaluation Report

. . . Certifications and Compliance Reports

. . . Accu-Trac® Panel System Details 

. . . North American Project References

. . . Global Project References
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»  Fire Resistant Core Only - No PE

»  In-house produced  FR core

»  Minimal price difference between solid, 

    mica and metallics

» Thickness: Standard 4mm 

 [Available in 3mm and 6mm]  

» Width: Standard 62in 

     50in in select colors 

     40.2in and 49.2in also available

»  Max length 300in

»  10 Year Bond Integrity Warranty

»  10, 20, & 30 Year Finish Warranties

»  30 colors in Finished Goods

ALFREX 4mm FR MCM

MANUFACTURING PLANT
100,000sf facility in metro Atlanta
 
Winter ‘20 - ’21 start-up

Production line design:

»  No danger of pressure mottling

»  Numerous color changeovers, minimal scrap, no line stoppage

»  Cost control - 7,500sf as efficient as 50,000sf

FINISHED GOODS
»  Stocking Locations: Atlanta and Toronto 

»  MCM FR: 30 standard colors - 4mm X 62in X 196in lengths

»  Matching Flat Sheet: 28 colors - 0.040in X 48in X 120in

»  3mm Plate: 62in X 165in in 4 standard colors

CUSTOM COLORS
»  Minimum 1,000 sf production quantity

»  Custom colors extremely competitive

»  Require color sample, paint code, PMS or Pantone number

»  Wood and Metal Series 22,000 sf minimum

Alfrex FR MCM Sell Sheet

943 Gainesville Hwy •  Bldg 100-4000 • Buford GA   30518 • 470.589.7449 www.alfrexusa.com

4mm Aluminum Composite Material

Alfrex FR MCM

»  2-Coat Solid:

»  2-Coat Mica: 

»  3-Coat Metallic:

»  Wood Series:

»  Metal Series:

»  Specialty Series:

STANDARD COLORS

Alfrex FR ACM - Building Codes

»  ICC AC-25

»  ICC-ESR Evaluation Report  

»  ICC-ESR Supplements [California]

»  Los Angeles Research Report

»  Florida Product Approval

Alfrex FR MCM - Fire Performance

»  ASTM E84

»  ASTM E119

»  NFPA 285

LEED Certification Recycled Content MR Credit 4 - 26.07%

»  LEED v3 : 2 Points

»  LEED v4 : 1 Point

Certificate WHI18-26206601 (Spec ID 36858)

ESR-4566

CBC        (California Building Code)

DSA        (Division of the State Architect)

OSHPD   (Office of Statewide Health Planning Development)

LABC      (Los Angeles Building Code)

Per IB119 exempt with ICC ESR

Product Approval with HVHZ

 

»  CAN/ULC S102

»  CAN/ULC S134

PRODUCT CERTIFICATIONS

Finished Goods

Standards

Customs

3 days

6 weeks

10 weeks

Alfrex FR
(Currently)

3 days

2 weeks

8 weeks

Alfrex FR
(Winter ‘20 - ’21)

3 days

3 days

-

Matching
Flat Sheet

LEAD TIMES

»  Sheet Size: 0.040in x 48in x 120in

»  28 standard matching colors in stock

»  Perfect for trim and accessories

»  Same paint finishes as Alfrex FR

MATCHING FLAT SHEET























Company
MCM Brand

Alfrex, LLC
Alfrex FR

Arconic
Reynobond FR

Mitsubishi Chemical
Alpolic fr

3A Composites
Alucobond Plus

Alucoil N. America
Larson by Alucoil

A
RC

H
IT

EC
TU

RA
L 

PR
O

D
U

CT
 O

FF
ER

IN
G

 A
N

D
 S

ER
V

IC
ES

Standard Widths (62” / 50”)

Other Widths (49.2” / 40”)

Custom Lengths :
Panels are Cut to Length during Manufacturing

Standard Colors : 30+
Solid, Mica, 3-coat Metallic, Wood Grain, 

Brushed Metal, Natural Metals, Corten Rust

Custom Colors

Finished Goods ACM Panels

Company Finished Goods Locations USA & Canada USA only USA only USA only USA only

Matching Flat Sheet

Matching Flat Sheet Thickness 0.040” 0.040” 0.032” 0.040” 0.040”

TE
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 C
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RI
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N

Product 
4mm Aluminum Composite Material (ACM / MCM)

Aluminum Alloy
3000 Series

Product Thickness
7”

Aluminum Skin Thickness (nominal)

0.020” Top Skin / 0.020” Bottom Skin

Panel Weight
Pounds per Square Foot

57

Minimum Bond Str
in•lb / in

22.5 22.5 22.5 22.5 22.5

Tensile Strength [ASTM E8]
(Aluminum skin)

Psi

3 3

Yield Strength [ASTM E8]
(Aluminum skin)

Psi

3 3 3

Elongation [ASTM E8]
%

5 5

A
RC

H
IT

EC
TU

RA
L 

PA
IN

T 
SY

ST
EM

S Primary System 70% Kynar PvDF 70% Kynar PvDF Lumifl on 70% Kynar PvDF 70% Kynar PvDF

Secondary System Lumifl on Lumifl on 70% Kynar PvDF Lumifl on Lumifl on

Primary Paint Suppliers PPG
PPG

Beckers

Sherwin-Williams

PPG

PPG

Akzo Noble

PPG

Akzo Noble

AAMA 2605 Compliant

30 Year Finish Performance Warranty

































https://alfrexusa.com/wp-content/uploads/2020/06/ESR-4566.pdf




https://alfrexusa.com/wp-content/uploads/2020/06/Alfrex-FR-Warnock-Hersey-Certifications.pdf
http://alfrexusa.com/wp-content/uploads/2020/02/NFPA-285-AlfrexFR.pdf
https://alfrexusa.com/wp-content/uploads/2020/07/LEED-Certification_FR.pdf
https://alfrexusa.com/wp-content/uploads/2020/06/Alfrex-FR-MSDS-Rev-2-2020.pdf




https://altechpanel.com/prods/APS%20ACCU-TRAC%20DS%20SYSTEMS%2003-29-16.pdf
https://altechpanel.com/product.asp?ID=2
https://altechpanel.com/prods/Accu-Trac%20Low%20Profile%20DS%20System%20Standard%20Details_4.pdf
https://altechpanel.com/product.asp?ID=4


https://altechpanel.com/prods/APS%20ACCU-TRAC%20ES%20SYSTEMS.pdf
https://altechpanel.com/product.asp?ID=1
https://altechpanel.com/prods/Accu-Trac%20Low%20Profile%20ES%20System%20Standard%20Details_2.pdf
https://altechpanel.com/product.asp?ID=5






https://alfrexusa.com/wp-content/uploads/2020/06/FR-Project-Portfolio_R.pdf
https://alfrexusa.com/projects/
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