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SAN ANTONIO WATER SYSTEM 
DSP WATER PRODUCTION FACILITY UPGRADES PROJECT  

 
SAWS JOB NUMBER 12-6103 

 
ADDENDUM NO. 2 
September 26, 2013 

To Respondent of Record: 
 
This addendum, applicable to work referenced above, is an amendment to the bidding documents and 
as such will be a part of and included in the Contract Documents. Acknowledge receipt of this 
addendum by entering the addendum number and issue date in the space provided in submitted copies 
of the proposal. 
 
A. Modifications to the Specifications 
 

1. TABLE OF CONTENTS 
Add Appendix A – Geotechnical Report 
 

2. PRICE PROPOSAL 
Replace the entire Price Proposal pages 1 through 5 with the revised Price Proposal 
dated September 26, 2013. 
 

3. SPECIAL CONDITIONS 
Add SC-4.4. The Edwards Aquifer Authority (EAA) requires inspection, testing and 
acceptance by their staff, representative and/or agent of all electromagnetic flow meters 
prior to the Substantial Completion inspection. The EAA and its agents shall have 
reasonable access to the facilities being modified as part of the project for the purposes 
of reviewing, inspecting and verifying the work being performed. 
 

4. APPENDIX A 
Geotechnical report entitled “SAWS DSP Water Production Facility Upgrades”, dated 
August 21, 2013, prepared by Arias and Associates, Inc. is incorporated into the 
specifications as Appendix A. Any references made to the “Somerset” Facility shall be 
disregarded. 
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District Special Project (DSP) Water Production Facility Upgrades Project 
SAWS Job No. 12-6103 
Solicitation No. B-13-060-DD 
September 26, 2013 
 
 PRICE PROPOSAL 

 
 
PROPOSAL OF           a corporation 
 
a partnership consisting of            
 
an individual doing business as            
 
 
TO THE SAN ANTONIO WATER SYSTEM: 
 
Pursuant to Invitation for Competitive Sealed Proposals and Instructions to Respondents, the undersigned 
proposes to furnish all labor, materials, equipment and supervision as specified and perform the work 
required for the construction of the (DSP) Water Production Facility Upgrades Project, San Antonio 
Water System Job Number 12-6103, in accordance with the Plans and Specifications for the following prices 
to wit: 
 
1. BLACKHAWK PS (FACILITY #66) 
 
ITEM 

NO 
ITEM DESCRIPTION                               

( PRICE TO BE WRITTEN IN WORDS) 
 

UNIT 
 

QTY 
UNIT PRICE 
 (FIGURES) 

TOTAL 
(FIGURES) 

1A 

  
Civil/Mechanical Demolition and Improvements at 
Blackhawk PS Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

1B 

 
Electrical and Instrumentation and Controls 
Demolition and Improvements at Blackhawk PS 
Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

1C 

 
Third Party Electrical Testing at Blackhawk PS 
Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

SUBTOTAL BLACKHAWK PS: ___________________________ Dollars and ________________ Cents 
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2. MIDCROWN PS (FACILITY #36) 
 
 

ITEM 
NO 

ITEM DESCRIPTION                               
( PRICE TO BE WRITTEN IN WORDS) 

 
UNIT 

 
QTY 

UNIT PRICE 
 (FIGURES) 

TOTAL 
(FIGURES) 

2A 

  
Civil/Mechanical Demolition and Improvements at 
Midcrown PS Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

2B 

 
Electrical and Instrumentation and Controls 
Demolition and Improvements at Midcrown PS 
Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

2C 

 
Third Party Electrical Testing at Midcrown PS 
Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

SUBTOTAL MIDCROWN PS: ___________________________ Dollars and ________________ Cents 

 
 
3. PITLUK PS (FACILITY #7) 

 
 

ITEM 
NO 

ITEM DESCRIPTION                               
( PRICE TO BE WRITTEN IN WORDS) 

 
UNIT 

 
QTY 

UNIT PRICE 
 (FIGURES) 

TOTAL 
(FIGURES) 

3A 

  
Civil/Mechanical Demolition and Improvements at 
Pitluk PS Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

3B 

 
Electrical and Instrumentation and Controls 
Demolition and Improvements at Pitluk PS 
Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

3C 

 
Third Party Electrical Testing at Pitluk PS 
Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

SUBTOTAL PITLUK PS: ___________________________ Dollars and ________________ Cents 
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4. WOTTLIN PS (FACILITY #24) 
 
 

ITEM 
NO 

ITEM DESCRIPTION                               
( PRICE TO BE WRITTEN IN WORDS) 

 
UNIT 

 
QTY 

UNIT PRICE 
 (FIGURES) 

TOTAL 
(FIGURES) 

4A 

  
Civil/Mechanical Demolition and Improvements at 
Wottlin PS Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

4B 

 
Electrical and Instrumentation and Controls 
Demolition and Improvements at Wottlin PS 
Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

4C 

 
Third Party Electrical Testing at Wottlin PS 
Complete in Place; 
     Dollars 
and     Cents 
 

LS 1 $XXXXXXX $___________ 

SUBTOTAL WOTTLIN PS: ___________________________ Dollars and ________________ Cents 

 
 
5. ALLOWANCES 

 
 

ITEM 
NO 

ITEM DESCRIPTION                               
( PRICE TO BE WRITTEN IN WORDS) 

UNIT UNIT PRICE 
 (FIGURES) 

TOTAL 
(FIGURES) 

5A 

  
Permit Allowance; 
 
 Twenty Five Thousand  Dollars 
and  Zero   Cents 

Per Allowance $XXXXXXX $25,000.00 

5B 

 
CPS Energy Allowance; 
 
 Forty Five Thousand  Dollars 
and  Zero   Cents 
 

Per Allowance $XXXXXXX $45,000.00 

5C 

 
Well Mudding Allowance; 
 
 One Hundred Forty Thousand Dollars 
and  Zero   Cents 
 

Per Allowance $XXXXXXX $140,000.00 

SUBTOTAL ALLOWANCES: __Two Hundred Ten___________________ Dollars and ___Zero____ Cents 
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1. SUBTOTAL BLACKHAWK PS:   $__________________________________________ 

 
2. SUBTOTAL MIDCROWN PS:  $__________________________________________ 

 
3. SUBTOTAL PITLUK PS:   $__________________________________________  

 
4. SUBTOTAL WOTTLIN PS:   $__________________________________________ 

 
5. SUBTOTAL ALLOWANCES:  $________210,000.00______________________ 

 
6. TOTAL PRICE AMOUNT                         $         

   
 
 
                                                                                                             Dollars 
 
and                                                                                                  Cents 
  
   
        
 

_______________________________         _______________________________   
OFFEROR’S SIGNATURE & TITLE             FIRM’S PHONE NO. /FAX NO. 
 
 
_______________________________         _______________________________  
FIRM’S NAME (TYPE OR PRINT)             FIRM’S EMAIL ADDRESS 

 
 
_______________________________ 
FIRM’S ADDRESS     
 
 

 
 
The Contractor herein acknowledges receipt of the following Addendum Numbers.  
 
ACKNOWLEDGEMENT OF ADDENDUM(s): 
ADDENDUM No.      DATE:    
ADDENDUM No.      DATE:    
ADDENDUM No.      DATE:     

ADDENDUM No.                DATE:          
 
 
Owner Reserves the right to accept the overall most responsible Price Proposal. 
 

1. Offeror acknowledges that estimated quantities are not guaranteed, and are solely for the 
purpose of comparison of Price.  Final payment for all Unit Price Line Items will be based on 
actual quantities provided, determined as provided in the Contract Documents. 

 
Note: Complete the additional requirements of the proposal which are included on the 
following pages. 

   
2. Any and all Addenda which are issued by the San Antonio Water System with appropriate signatures 

which acknowledge receipt shall be attached to and made a part of this Price Proposal. 
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3. The Offeror offers to construct the Project in accordance with the Contract Documents for the 

contract price and to complete the project within 360 calendar days after the start date, as set forth 
in the Authorization to Proceed.  The Offeror understands and accepts the provisions of the Contract 
Documents relating to liquidated damages of the Project if not completed on time. 

 
4. The Undersigned agrees to commence work on a date to be specified in a written “Authorization to 

Proceed”, and to substantially complete the work in 300 calendar days and complete all the work in 
360 calendar days from that date.    

 
 
Complete the additional requirements of the Proposal which are included on the following pages. 



 
 

 

 
 
 

Geotechnical Engineering Study 
 

SAWS DSP Water Production Facility Upgrades 
San Antonio, Texas 

 
Arias Job No. 2013-585 

 
 

 
 
 

Prepared For 
SAN ANTONIO WATER SYSTEM 

 
August 21, 2013 



August 21, 2013
Arias Job No. 2013-585

Vicente J. Garza, P.E., PMP
Production & Transmission Engineering
San Antonio Water System
2800 U.S. Hwy 281 North
San Antonio, TX 78212

ARIAS & ASSOCIATES
Geotechnical • Environmental • Testing

RE: Geotechnical Engineering Study
SAWS DSP Water Production Facility Upgrades Project
San Antonio, Texas

Dear Mr. Garza:

The results of a Geotechnical Engineering Study for the proposed SAWS DSP Water Production Facility
Upgrades Project in San Antonio, Texas are presented in this report. This project was authorized by Mr. .Jim
Pedraza, P.E, by letter referencing the SAWS 2012 Geotechnical Engineering Design Services Contract
between SAWS and Arias and Associates, Inc.

We understand that the proposed project will consist of installing a 50-foot tall antenna mast, concrete
driveways, and shallow foundations for electrical equipment at five different SAWS Pump Station facilities.
The purpose of this geotechnical engineering study was to establish foundation and pavement engineering
properties for the subsurface conditions at each site. Our findings and recommendations should be
incorporated into the design and construction documents for the proposed installations.

Thank you for the opportunity to be of service to you.

REPORT FORMAT INFORMATION

To improve clarity in the intent of our geotechnical recommendations for this project, the report is organized
into three sections. These sections are:

Section I — The Scope and Findings section contains the project and site description, an overview of our field
exploration program, and the results of our subsurface exploration including a Vicinity Map, Boring Location
Plan and the soil boring logs for all 5 sites.

Section II - The Geotechnical Recommendations section contains potential expansive soil related movement
predictions for the various sites, subgrade preparation recommendations, an overview of applicable
foundation systems, and design and construction considerations for the specific development items.

Section III - Section III contains Attachments.

Sincerely,
Arias & Associates, Inc.
TBPE Registration No: F-32

Dexter Bacon, P.E.
Senior Vice President

•0

• ,.~c ••.~•
•*:.. •.••••••~~

o~ ~~ON
••G •.•I• •.I•

~*~~VONM.
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Marie Stanch, P.E.
Senior Geotechnical Engineer

1295 Thompson Rd
Eagle Pass, Texas 78852

(830) 757-8891
(80) 757-8899 Fax

142 Chula Vista
San Antonio, Texas 78232

(210) 308-5884
(210) 308-5886 Fax

5233 IH 37, Suite B-12
Corpus Christi, Texas 78408

(361) 288-2670
(361) 288-4672 Fax

5213 Davis Boulevard, Suite G
North Richland Hills, TX 76180

(817) 812-3500
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SECTION I – SCOPE AND FINDINGS 

 
PROJECT AND SITE DESCRIPTION .................................................................................................................. 1 

SOIL BORINGS AND LABORATORY TESTS ..................................................................................................... 1 

SUBSURFACE CONDITIONS ............................................................................................................................. 1 

BOREHOLE GROUNDWATER DATA ................................................................................................................. 2 

 
 

PROJECT AND SITE DESCRIPTION 
The proposed project will consist of the construction of a 50-foot tall antenna mast, concrete driveways, and concrete waffle slab 
foundations for electrical equipment at five SAWS Pump Station facilities. These facilities are located at: 
 

Pump Station Facility Address 

Blackhawk 106 Blackhawk Trail, Hill Country Village, TX 78232 

Midcrown 5825 Midcrown Dr., San Antonio, TX 78218 

Pitluk 3040 Pitluk Ave., San Antonio, TX 78211 

Wottlin 104 Wottlin Rd., Castle Hills, TX 78213 

Somerset 19260 Somerset Rd., Somerset, TX 78069 

 
The planned foundations at each site will consist of a stiffened beam and slab foundation (waffle slab) for electrical equipment and a drilled 
pier foundation for the antenna mast. Associated access drives at each site will consist of concrete pavement.   For the purpose of this 
geotechnical engineering study, we are assuming that the acceptable design PVR for the stiffened beam and slab (waffle) foundation for 
electrical equipment is on the order of 1 inch. 
 

During our field exploration performed between July 22 and 24, 2013, each site was developed and contained existing facilities.  Existing 
facilities observed by Arias personnel at each location included: 
 

Pump Station 
Facility 

Observed Features 

Blackhawk Two (2) water wells, two maintenance buildings, electrical shelter, tank, concrete entrance and drive 

Midcrown A water well, maintenance building, electrical shelter, antenna mast, concrete entrance and asphalt drive. The area 
is non-paved within the site 

Pitluk Two (2) water wells, an abandoned diesel pump station, three buildings, electrical pad, in-ground shelter, antenna 
mast, concrete entrance and non-paved drives. 

Wottlin A water well, maintenance building, tank, antenna mast, asphalt entrance and drive which showed distress in 
areas with grass observed growing in the cracks 

Somerset Four (4)  water wells, one diesel pump station, storage tank, maintenance building, in-ground shelter, antenna 
mast attached to the storage tank, concrete entrance and non-paved drives. 

 
SOIL BORINGS AND LABORATORY TESTS 

 
A total of 19 soil borings were drilled for the project. Four (4) borings drilled at the Blackhawk, Midcrown, Pitluk, and Somerset facilities, and 
three (3) borings drilled at the Wottlin facility. At each facility one 50-foot deep boring was drilled near the proposed antenna mast location, 
one 20-foot depth boring was located near the proposed electrical equipment foundation, and one or two 6-foot deep borings were located 
near proposed pavement areas. Because of size constraints and overhead power lines, only one pavement boring was drilled at the Wottlin 
facility. The approximate boring locations at each site are shown on the Boring Location Plans. 
 

The soil borings were taken at existing site clearings in areas accessible to truck-mounted drilling equipment.  Boring depths were measured 
from ground surface existing during our exploration. The borings were sampled in accordance with ASTM D 1587 for thin-walled tube and 
ASTM D 1586 for split spoon sampling techniques.  A truck-mounted drill rig using continuous flight augers together with the sampling tool 
noted was used to secure the subsurface soil samples.  
 
Material classifications and borehole logging were conducted during the exploration by our field representative.  As a supplement to the field 
exploration, laboratory testing to aid in soil classification and evaluation of selected properties was conducted in accordance applicable 
ASTM procedures.  The laboratory results are reported in the individual boring logs.  Final soil classifications were determined by the 
Geotechnical Engineer based on laboratory and field test results and applicable ASTM procedures.  Final classifications are shown on the 
boring logs .A key to the terms and symbols used on the logs is also included.   
 
Remaining soil samples recovered from this exploration will be stored in our laboratory for a period of 30 days following submittal of this 
report.  After this time period, the samples will be discarded unless requested otherwise. 
 

SUBSURFACE CONDITIONS 
Generalized stratigraphy and groundwater conditions encountered during this exploration are presented herein.  The subsurface and 
groundwater conditions are based on conditions encountered at the boring locations to the depths explored. The Project Vicinity Map, the 
Boring Location Plan and the soil boring logs are shown on the following page. 

Generalized Stratigraphy - Blackhawk Facility 

Predominate Soil Type Approx. Depth Range 
(ft) 

Primary 
Consistency or 
Relative Density 

USCS 
Class. 

GW Observed 
Depth (ft)  

Moderate to highly expansive CLAY 
with thin Gypsum and Gravel 

Seams 
0 to 50 Stiff  to Hard CL or CH 47 

 
Generalized Stratigraphy - Midcrown Facility 

Predominate Soil Type Approx. Depth Range 
(ft) 

Primary 
Consistency or 
Relative Density 

USCS 
Class. 

GW Observed 
Depth (ft) 

Clayey sand or clayey gravel 
(B-2 and B-3 only) 

0 to (2-4) Medium Dense SC or GC 
 

Moderate to highly expansive CLAY 
with Gypsum Seams  0 to 50 Stiff  to Hard CL or CH 34 

 
Generalized Stratigraphy - Pitluk Facility 

Predominate Soil Type Approx. Depth Range 
(ft) 

Primary 
Consistency or 
Relative Density 

USCS Class. GW Observed 
Depth (ft) 

Moderate to highly expansive 
sandy clay 0 to 4 Firm to very stiff CL or CH  

Clayey gravel 0.5 to 15 Medium dense to 
dense GC  

Moderate to highly expansive CLAY 
with calcareous deposits 10.5 to 50+ Very Stiff to Very 

Hard CH 36 
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Generalized Stratigraphy - Wottlin Facility 

Predominate Soil Type Approx. Depth 
Range (ft) 

Primary Consistency or 
Relative Density 

USCS 
Classification 

GW Observed 
Depth (ft) 

Dark brown moderate to 
highly expansive CLAY 0 to 2 Stiff CH 

Not encountered 
during drilling 

Clayey gravel with sand 0.5 to 4 Loose GC 

Lean clay with calcareous 
deposits 2 to 16 Hard to very hard CL 

MARL 16 to 50+ Very hard MARL 

 
Generalized Stratigraphy - Somerset Facility 

Predominate Soil Type Approx. Depth 
Range (ft) 

Consistency or Relative 
Density 

USCS 
Classification 

GW Observed 
Depth (ft) 

Moderate to highly expansive 
CLAY 0-38 Stiff to hard CL or CH Not encountered 

during drilling 
Sandy lean clay 38 to 50+ Very hard CL 

 
BOREHOLE GROUNDWATER DATA 

Groundwater was observed during drilling at the following boring locations.   

 Borehole Groundwater Data 

 
Site Boring 

Total Depth of 
Boring, feet 

Depth to Groundwater (ft.) 
During drilling After completion 

Blackhawk B-1 49.0 47.0 47.0 
Midcrown B-1 47.5 35.0 34.0 

Pitluk B-1 50.0 36.0 36.0 

Note: 

1. Depth to groundwater is referenced from ground surface at the borehole location. 

2. Water levels in open boreholes may require several hours to several days to stabilize depending on the permeability of the soils.  
Seasonal conditions or other factors such as recent rainfall, drought, or temperature variations may result in different groundwater 
conditions being present during construction. 

3. Perched water conditions may develop after rain events or if inadequate drainage occurs in surface soils having lower PIs and/or 
higher sand and/or gravel content. 

4. Groundwater levels will often change over time and should be verified immediately prior to construction.  Pockets or seams of 
gravels, sands, silts or open fractures and joints can store and transmit “perched” groundwater flow or seepage. 

 
 
 



 Arias & Associates, Inc. Section I – Figure 1 (Blackhawk Site) Arias Job No. 2013-585 

 
 
 
 
 

VICINITY MAP 
 

 
 
 
 
 

BORING LOCATION PLAN 
 

 
 
 
 
 

EXISTING SITE CONDITIONS 
 



 Arias & Associates, Inc. Section I – Figure 2 (Blackhawk Site) Arias Job No. 2013-585 
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 Arias & Associates, Inc. Section I – Figure 5 (Midcrown Site) Arias Job No. 2013-585 
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 Arias & Associates, Inc. Section I – Figure 7 (Midcrown Site) Arias Job No. 2013-585 

 

 

 

 



 Arias & Associates, Inc. Section I – Figure 9 (Pitluk Site) Arias Job No. 2013-585 
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 Arias & Associates, Inc. Section I – Figure 11 (Pitluk Site) Arias Job No. 2013-585 

  

 



 Arias & Associates, Inc. Section I – Figure 13 (Wottlin Site) Arias Job No. 2013-585 
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 Arias & Associates, Inc. Section I – Figure 14 (Wottlin Site) Arias Job No. 2013-585 

  



 Arias & Associates, Inc. Section I – Figure 15 (Wottlin Site) Arias Job No. 2013-585 

  

 
Final soil classifications were determined by the Geotechnical Engineer based on laboratory and field test results and applicable ASTM 
procedures. Transition boundaries or contacts, noted on the boring logs to separate soil types, are approximate.  Actual contacts may be 
gradual and vary at different locations. Stratigraphic and groundwater conditions shown on the boring logs reflect conditions at the explored 
location on the date explored. 
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 Arias & Associates, Inc. Section I – Figure 17 (Somerset Site) Arias Job No. 2013-585 

  



 Arias & Associates, Inc. Section I – Figure 18 (Somerset Site) Arias Job No. 2013-585 
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SECTION II – GEOTECHNICAL RECOMMENDATIONS 

 
MOISTURE VARIATIONS AND ESTIMATED MOVEMENT ................................................................................ 1 

FOUNDATION DESIGN CONSIDERATIONS ...................................................................................................... 1 

Foundation Types ............................................................................................................................................ 1 

Minimum Pier Depths ....................................................................................................................................... 1 

IBC Site Classification and Seismic Design Coefficients .................................................................................. 1 

EQUIPMENT PAD DESIGN AND CONSTRUCTION RECOMMENDATIONS ..................................................... 2 

STIFFENED BEAM AND SLAB-ON-GROUND FOUNDATION RECOMMENDATIONS ...................................... 2 

DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – Blackhawk Site ...... 3 

DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – Midcrown Site ........ 4 

DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – Pitluk Site .............. 5 

DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – Wottlin Site ............ 6 

DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – Somerset Site ........ 7 

PAVEMENT SECTION DESIGN AND CONSTRUCTION RECOMMENDATIONS .............................................. 8 

SUBGRADE PREPARATION SITE WORK (NON STRUCTURAL/GENERAL FILL) ............................................ 9 

COMPACTION AND TESTING REQUIREMENTS .............................................................................................. 9 

DESIGN MEASURES TO REDUCE CHANGES IN SOIL MOISTURE ................................................................. 9 

FLATWORK CONSIDERATIONS ........................................................................................................................ 9 

CONSTRUCTION CRITERIA NOTES ............................................................................................................... 10 

GENERAL COMMENTS .................................................................................................................................... 10 

 
MOISTURE VARIATIONS AND ESTIMATED MOVEMENT 

 
Structural damage can be caused by volume changes in clay soils.  Clays can shrink when they lose water and swell (grow in volume) when 
they gain water.  The potential for expansive clays to shrink and swell is typically related to the Plasticity Index (PI).  Clays with a higher PI 
generally have a greater potential for soil volume changes due to moisture content variations.  The soils found at these sites are capable of 
swelling and shrinking in volume dependent on potentially changing soil water content conditions during or after construction.   
 
The encountered soils at each site have a high to very high potential for shrinking and swelling.  Several methods exist to evaluate swell 
potential of expansive clay soils.  We have estimated potential heave using the TXDOT method (Tex 124-E). we estimate that the PVR as 
shown on the attached table for each site.  
 

Site PVR (in.) 

Blackhawk 2.25 

Midcrown 5.5 

Pitluk 2.5 

Wottlin 2.25 

Somerset 3.25 

 
Soil moisture levels are relatively low and some are below the soil’s plastic limit.  Because of dry soil conditions (low soil moisture contents), 
it is our experience that the standard correlations incorporating the plasticity measurements of the soils typically underestimate the 
shrink/swell potential of soils in the San Antonio area.  Consequently, fluctuations in the soil moisture content generated from extreme 
climatic conditions (i.e., droughts or floods) or as a result of development (e.g., irrigation of landscaping in the immediate vicinity of the 
building, poor surface drainage, leaking plumbing or water lines) may result in greater shrink/swell movements than calculated.   
 

FOUNDATION DESIGN CONSIDERATIONS 
 
Both shallow and deep foundation types are utilized in this area.  Deep drilled piers will be utilized for the antenna supports.  The equipment 
pad foundations will be based on a stiffened beam and slab (waffle slab) type foundation with the foundation site prepared for a maximum 
shrink/swell movement of a 1” PVR.   
 
A “bathtub” condition can occur when excavating into low permeability, expansive soils and replacing these soils with a higher permeability, 
granular select fill.  That is, surface water could infiltrate the more permeable select fill building pad material and pond on top of the 
underlying expansive clay, commonly referred to as a “bathtub” condition.  This “bathtub” condition could result in expansive soil-related 
movements on the order of 3 to 5 times the design PVR.  To aid in reducing the chances for a “bathtub condition” from developing at this 
site, we recommend the following: 
 

1. Using a low permeability, clayey select fill to construct the building pad, 
2. Installing a horizontal moisture barrier adjacent to the equipment foundation, and  
3. Employing the recommendations provided herein for subgrade preparation and design measures to reduce changes in soil 

moisture. 
 
Foundation Types 
A criterion that is important in the selection of the type of foundation system to be used is the amount of movement and the consequences 
of movement that the Owner is willing to accept.  The utilization of shallow foundations incurs higher risks for movement than use of drilled 
pier foundations with a structurally suspended floor slab.  If the risk for movement cannot be tolerated and the potential for periodic 
maintenance is not acceptable, principal structural loads for the proposed equipment foundation should be supported on drilled piers 
founded adequately below the depth of anticipated seasonal moisture change (active zone) and the pier cap should be suspended above 
grade.  Site improvements will be necessary for the slab-on-grade foundation system in order to reduce anticipated shrink/swell movement 
to an acceptable PVR magnitude. We are providing recommendations for a design PVR of about 1-inch.  If project requirements dictate a 
different magnitude of PVR, we should be informed so that modifications to our recommendations can be made.  We should note that a 1-
inch design PVR is typically considered acceptable for movement-sensitive structures by local geotechnical and structural engineers 
practicing in South Texas.  The 1-inch design PVR is generally selected where some foundation movement is considered acceptable.   
 
Minimum Pier Depths 
The selection of the minimum pier depth for the Antennae Supports is a function of axial and lateral capacity requirements.  Additionally, the 
pier must be sufficiently deep such that the swelling of the upper clays does not excessively heave the pier.  Uplift resistance is provided by 
skin friction for the soils below the active zone as well as the pier concrete pier weight and dead load.  Through the Structural Engineer, we 
were provided the design loads from the antennae manufacturer and utilized the Ensoft  “Lpile” program to evaluate the depth of pier 
requirements for each site location.  The pier embedment depth as required from the lateral and axial loading was then compared to pier 
depth computed for uplift resistance.  In each case, the pier depth requirement due to uplift resistance was the controlling case. The 
minimum embedment depth is provided within the Drilled Pier Foundation Design And Construction Recommendations table for each site 
shown subsequently. 
 
IBC Site Classification and Seismic Design Coefficients 
Section 1613 of the International Building Code (2012) requires that every structure be designed and constructed to resist the effects of 
earthquake motions, with the seismic design category to be determined in accordance with Section 1613 or ASCE 7. Site classification 
according to the International Building Code (2012) is based on the soil profile encountered to 100-foot depth.  The stratigraphy at the site 
location was explored to a maximum 50-foot depth.  Similar soils were extrapolated to the 100-foot depth. Seismic design parameters were 
evaluated by selecting the site classification based on the encountered materials and the on-line U.S. Seismic Design Map, v. 3.1.0, dated 
July 11, 2013 by the USGS; results are summarized as follows: 
 

Seismic Design Parameters – 2012 IBC Code 

Site Site 
Classification Risk Category Site 

Latitude 
Site 

Longitude Ss S1 

Blackhawk D IV (essential facilities) 29.58858 98.48983 0.075 0.030 

Midcrown D IV (essential facilities) 29.4915 98.37381 0.080 0.031 

Pitluk D IV (essential facilities) 29.351333 98.55703 0.082 0.027 

Wottlin D IV (essential facilities) 29.5 98.51455 0.078 0.030 

Somerset D IV (essential facilities) 29.236833 98.652583 0.083 0.026 

 
 
.  
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EQUIPMENT PAD DESIGN AND CONSTRUCTION RECOMMENDATIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Applicable for Foundation Type Options Waffle Slab 

Site Improvement Method Undercut & Replace after Site Stripping 

Improved Site Condition (PVR) Approximate 1-inch Design PVR 

Min. Undercut Depth - Somerset 5 feet 

Minimum Undercut Depth - Blackhawk 3 feet 

Minimum Undercut Depth – Mid Crown 8 feet 

Minimum Undercut Depth - Pitluk 4 feet 

Minimum Undercut Depth - Wottlin 3 feet 

Undercut Extent 
Below all slab areas and at least 5 feet beyond the slab perimeter and any 

features that may be sensitive to movement including but not limited to 
flatwork, canopy slabs, curbs, and other features adjacent to foundation 

Exposed Subgrade Treatment Scarify, moisture condition and compact existing materials to 12 inches 
below base of undercut depth 

Select Fill Minimum Thickness Same as Undercut Depth  

Select Fill Material 
LEAN CLAY (CL)  

with Liquid Limit <45%, PI = 12-20, -#200 > 50%, 3” maximum particle size 

Working Pad Minimum Thickness 6 inches (optional) 

Working Pad Material Base meeting requirements of 2004 TxDOT Item 247, Type A, Grade 1 or 2 

Vapor Retarder Material 
Minimum 10-mil conforming to ASTM E1745, Class C or better and with a 

maximum water vapor permeance of 0.044 perms (ASTM E96) such as a 10 
mil Stego Wrap by Stego Industries LLC or other similar product 

Maximum Loose Lift Thickness (all materials) 8 inches 

Maximum Elapsed Time Between Subgrade 
Preparation and Fill (select or reconditioned) 

Placement 
48 hours 

 
 

STIFFENED BEAM AND SLAB-ON-GROUND FOUNDATION RECOMMENDATIONS 

 
A waffle slab type foundation is generally used to support relatively light structures where soil conditions are relatively uniform and where 
uplift and settlement can be tolerated. The intent of a stiffened beam and slab-on-grade foundation is to allow the structure and foundation 
to move with soil movements while providing sufficient stiffness to limit differential movements within the superstructure to an acceptable 
magnitude. The foundation may be designed using the Design of Slab-On-Ground Foundations published by the Wire Reinforcement 
Institute, Inc. (August 1981, updated March 1996). Alternately, the foundation may be designed using the 3rd Edition of the Design of Post-
Tensioned Slabs-on-Ground published by the Post-Tensioning Institute (PTI DC10.1-08)  
 
Arias is providing PTI design values for the Structural Engineer’s consideration and possible use. These design values are estimated from 
the “Volflo” computer program in consideration of the soil conditions in the building area and local experience. The final design methodology 
for the planned foundations should be selected by the project Structural Engineer based on his knowledge and experience with similar 
foundation conditions in this area. 
 

Slab Design Method WRI 

Applicability Subgrade prepared in accordance with Building Pad Design and Construction 
Recommendations 

Design PVR About 1 inch 

Climatic Rating (Cw) – San Antonio, Texas 17 

Effective Plasticity Index 30 

Support Index (C) -- 

Soil/Climatic Rating Factor (1-C) 0.15 

Unconfined Compressive Strength (tsf) -- 

 

Slab Design Method PTI 

Applicability Subgrade prepared in accordance with Equipment Pad Design and 
Construction Recommendations 

Design PVR About 1 inch 

Depth to Constant Soil Suction 15 feet 

Edge Moisture Variation Distance 
Center Lift, em 

Edge Lift, em 

 
9.0  feet 
4.6 feet 

Differential Soil Movement 
Center Lift, ym 
Edge Lift, ym 

 
0.8 inch 

1.2 inches 

Coefficient of Slab-Subgrade Friction, µ 0.75 

 

Allowable Bearing Pressure for Grade Beams 2,000 psf 

Bearing Stratum at Bottom of Grade Beams Compacted Select Fill or Natural Clay 

Minimum Penetration of Perimeter Grade Beams 
Below Final Exterior Grade 36 inches 
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DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – BLACKHAWK SITE 
 

Parameters for Axial Design 

Depth Interval, 
feet Material 

Allowable Skin 
Friction, Qf, psf 

(includes F.S. =  2) 

Allowable End 
Bearing, Qeb, psf 
(includes F.S. = 3) 

Uplift Force of Soil 
in Active Zone, 

kips 

0 to 5 Clay and Gravel -- -- 

30d with d in feet 5 to 15 CLAY (CL) 650 -- 

15 to 50 CLAY (CL) 1,300 15,000 

Constraints to be Imposed During Shaft/Drilled Pier Design 

Minimum Embedment Depth 22 feet below final grade 

Design Shaft Diameter, d 42 inches 

Minimum Depth to Neglect Skin Friction Contribution to Base of Pier 3.5 feet 

Uplift Resistance Pier Weight + Dead load + skin friction below active zone 

Estimated Depth of Active Zone from Ground Surface during 
Geotechnical Exploration, D 10 feet 

Minimum Pier Spacing (center to center) 3 shaft diameters (3d) 

Group Effects Due To Closely Spaced Piers < 3d consult Arias 

Pier Vertical Reinforcing Steel As needed to resist uplift forces with a minimum of 1% of 
gross cross-sectional area 

Pier Tensile Reinforcing Steel Per ACI Code 

Estimated Settlement for Properly Installed Piles in Project Area 
 Total Settlement 
 Differential Settlement 
 
 

 
1 inch 

0.5 inch 
Detailed settlement analyses based on encountered 

materials is outside of the project scope. 

 

Parameters for Lateral Design using LPILE 

Depth Interval, 
feet Material 

Effective 
soil unit 
weight, 

pci 
e 

Undrained 
soil shear 
strength, 

psi 
Cu 

Undrained 
angle of 
internal 
friction, 
degrees 

  

Modulus of 
Subgrade 

Reaction, pci 
K (cyclic 
loading) 

50% strain 
value 

e50 

0 to 3 Clay or Gravel .072 3.47 0 100 0.007 

3 to 15 CLAY (CL) .069 17.4 0 400 0.005 

15 to 50 CLAY (CL) .072 34.7 0 800 0.004 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drilled Shaft/Drilled Pier Installation Considerations 

Recommended Installation Procedure FHWA-NHI-10-016, May 2010 

High-torque Drilling Equipment Anticipated Yes 

Groundwater Anticipated No 

Contractor Should Verify Groundwater Before Installation Yes 

Temporary Casing Anticipated Possible depending upon groundwater 

Concrete Placement After Drilling 

Same day as drilling.  If a pier excavation cannot be drilled and 
filled with concrete on the same day, temporary casing or slurry 

may be needed to maintain an open excavation. concrete should 
not be allowed to ricochet off the pier reinforcing steel nor off the 

pier side walls 

Concrete Slump 7 inches + 1 inch 

Maximum  Permissible Water Accumulation in Excavation 2 inches 

Concrete Installation Method Needed if Water Accumulates Tremie or pump to displace water 

Spacing Between Reinforcing or Behind Reinforcing Cage 3 times maximum size of coarse aggregate 

Centralizers Recommended for Reinforcing Installation Yes 

Cross Bracing within Reinforcing Cage Within Installed 
Drilled Shaft Not recommended 

Quality Assurance Monitoring 
Geotechnical engineer’s representative should be present during 
drilling of all piers, should observe drilling and verify the installed 
depth, should verify material type at the base of excavation and 

cleanliness of base, should observe placement of reinforcing 
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DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – MIDCROWN SITE 
 

Parameters for Axial Design 

Depth Interval, 
feet Material 

Allowable Skin 
Friction, Qf, psf 

(includes F.S. =  2) 

Allowable End 
Bearing, Qeb, psf 
(includes F.S. = 3) 

Uplift Force of Soil 
in Active Zone, 

kips 

0 to 5 CLAY (CH) -- -- 
80d with d in feet 

5 to 50 CLAY (CH) 1,350 15,000 

Constraints to be Imposed During Shaft/Drilled Pier Design 

Minimum Embedment Depth 
 (considers estimated depth of seasonal moisture change) 

30 feet below final grade 

Design Shaft Diameter, d 42 inches 

Minimum Depth to Neglect Skin Friction Contribution to Base of Pier 3.5 feet 

Uplift Resistance Pier Weight + Dead load + skin friction below active zone  

Estimated Depth of Active Zone from Ground Surface during 
Geotechnical Exploration, D 10 feet 

Minimum Pier Spacing (center to center) 3 shaft diameters (3d) 

Group Effects Due To Closely Spaced Piers < 3d consult Arias  

Pier Vertical Reinforcing Steel As needed to resist uplift forces with a minimum of 1% of 
gross cross-sectional area 

Pier Tensile Reinforcing Steel Per ACI Code 

Estimated Settlement for Properly Installed Piles in Project Area 
 Total Settlement 
 Differential Settlement 
 
 

 
1 inch 

0.5 inch 
Detailed settlement analyses based on encountered 

materials is outside of the project scope. 

 

Parameters for Lateral Design using LPILE 

Depth Interval, 
feet Material 

Effective 
soil unit 
weight, 

pcf 
e 

Undrained 
soil shear 

strength, psf 
Cu 

Undrained 
angle of 
internal 
friction, 
degrees 

  

Modulus of 
Subgrade 

Reaction, pci 
K (cyclic 
loading) 

50% strain 
value 

e50 

0 to 5 CLAY (CH) .069 5.55 0 100 0.01 

5 to 50 CLAY (CH) .069 34.7 0 800 0.004 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drilled Shaft/Drilled Pier Installation Considerations 

Recommended Installation Procedure FHWA-NHI-10-016, May 2010 

High-torque Drilling Equipment Anticipated Yes 

Groundwater Anticipated Yes 

Contractor Should Verify Groundwater Before Installation Yes 

Temporary Casing Anticipated Possible depending upon groundwater 

Concrete Placement After Drilling 

Same day as drilling.  If a pier excavation cannot be drilled and 
filled with concrete on the same day, temporary casing or slurry 

may be needed to maintain an open excavation. concrete should 
not be allowed to ricochet off the pier reinforcing steel nor off the 

pier side walls 

Concrete Slump 7 inches + 1 inch 

Maximum  Permissible Water Accumulation in Excavation 2 inches 

Concrete Installation Method Needed if Water Accumulates Tremie or pump to displace water 

Spacing Between Reinforcing or Behind Reinforcing Cage 3 times maximum size of coarse aggregate 

Centralizers Recommended for Reinforcing Installation Yes 

Cross Bracing within Reinforcing Cage Within Installed 
Drilled Shaft Not recommended 

Quality Assurance Monitoring 
Geotechnical engineer’s representative should be present during 
drilling of all piers, should observe drilling and verify the installed 
depth, should verify material type at the base of excavation and 

cleanliness of base, should observe placement of reinforcing 
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DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – PITLUK SITE 
 

Parameters for Axial Design 

Depth Interval, 
feet Material 

Allowable Skin 
Friction, Qf, psf 

(includes F.S. =  2) 

Allowable End 
Bearing, Qeb, psf 
(includes F.S. = 3) 

Uplift Force of Soil 
in Active Zone, 

kips 

0 to 5 CLAY (CH) and Clayey GRAVEL 
(GC) -- -- 

25d with d in feet 5 to 15 Clayey GRAVEL (GC) 700 -- 

15 to 50 CLAY (CH) 1,350 15,000 

Constraints to be Imposed During Shaft/Drilled Pier Design 

Minimum Embedment Depth 
 (considers estimated depth of seasonal moisture change) 

25 feet below finished floor elevation 

Minimum Shaft Diameter, d 42 inches 

Minimum Depth to Neglect Skin Friction Contribution to Base of Pier 3.5 feet 

Uplift Resistance Pier Weight + Dead load + skin friction below active zone  

Estimated Depth of Active Zone from Ground Surface during 
Geotechnical Exploration, D 10 feet 

Minimum Pier Spacing (center to center) 3 shaft diameters (3d) 

Group Effects Due To Closely Spaced Piers < 3d consult Arias  

Pier Vertical Reinforcing Steel As needed to resist uplift forces with a minimum of 1% of 
gross cross-sectional area 

Pier Tensile Reinforcing Steel Per ACI Code 

Estimated Settlement for Properly Installed Piles in Project Area 
 Total Settlement 
 Differential Settlement 
 
 

 
1 inch 

0.5 inch 
Detailed settlement analyses based on encountered 

materials is outside of the project scope. 

 

Parameters for Lateral Design using LPILE 

Depth Interval, 
feet Material 

Effective 
soil unit 
weight, 

pcf 
e 

Undrained 
soil shear 

strength, psf 
Cu 

Undrained 
angle of 
internal 
friction, 
degrees 

  

Modulus of 
Subgrade 

Reaction, pci 
K (cyclic 
loading) 

50% strain 
value 

e50 

0 to 3 CLAY (CL) .069 5.55 0 100 -- 

3 to 15 Clayey GRAVEL (GC) .072 0 32 200.075 -- 

15 to 50 CLAY (CH) .072 34.72 0 800 0.004 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drilled Shaft/Drilled Pier Installation Considerations 

Recommended Installation Procedure FHWA-NHI-10-016, May 2010 

High-torque Drilling Equipment Anticipated Yes 

Groundwater Anticipated Yes 

Contractor Should Verify Groundwater Before Installation Yes 

Temporary Casing Anticipated Possible depending upon permeability of gravel and depth of 
groundwater 

Concrete Placement After Drilling 

Same day as drilling.  If a pier excavation cannot be drilled and 
filled with concrete on the same day, temporary casing or slurry 

may be needed to maintain an open excavation. concrete should 
not be allowed to ricochet off the pier reinforcing steel nor off the 

pier side walls 

Concrete Slump 7 inches + 1 inch 

Maximum  Permissible Water Accumulation in Excavation 2 inches 

Concrete Installation Method Needed if Water Accumulates Tremie or pump to displace water 

Spacing Between Reinforcing or Behind Reinforcing Cage 3 times maximum size of coarse aggregate 

Centralizers Recommended for Reinforcing Installation Yes 

Cross Bracing within Reinforcing Cage Within Installed 
Drilled Shaft Not recommended 

Quality Assurance Monitoring 
Geotechnical engineer’s representative should be present during 
drilling of all piers, should observe drilling and verify the installed 
depth, should verify material type at the base of excavation and 

cleanliness of base, should observe placement of reinforcing 
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DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – WOTTLIN SITE 
 

Parameters for Axial Design 

Depth Interval, 
feet Material 

Allowable Skin 
Friction, Qf, psf 

(includes F.S. =  2) 

Allowable End 
Bearing, Qeb, psf 
(includes F.S. = 3) 

Uplift Force of Soil 
in Active Zone, 

kips 

0 to 5 Clay and Gravel (CL) -- -- 

35d with d in feet 5 to 16 CLAY (CL) 1,000 -- 

16 to 50 Marl 2,000 30,000 

Constraints to be Imposed During Shaft/Drilled Pier Design 

Minimum Embedment Depth 
 (considers estimated depth of seasonal moisture change) 

20 feet and 2 feet into Marl Stratum 

Minimum Shaft Diameter, d 42 inches 

Minimum Depth to Neglect Skin Friction Contribution to Base of Pier 2 feet 

Uplift Resistance Pier Weight + Dead load + skin friction below active zone  

Estimated Depth of Active Zone from Ground Surface during 
Geotechnical Exploration, D 12 feet 

Minimum Pier Spacing (center to center) 3 shaft diameters (3d) 

Group Effects Due To Closely Spaced Piers < 3d consult Arias  

Pier Vertical Reinforcing Steel As needed to resist uplift forces with a minimum of 1% of 
gross cross-sectional area 

Pier Tensile Reinforcing Steel Per ACI Code 

Estimated Settlement for Properly Installed Piles in Project Area 
 Total Settlement 
 Differential Settlement 
 
 

 
1 inch 

0.5 inch 
Detailed settlement analyses based on encountered 

materials is outside of the project scope. 

 

Parameters for Lateral Design using LPILE 

Depth Interval, 
feet Material 

Effective 
soil unit 
weight, 

pci 
e 

Undrained 
soil shear 

strength, psi 
Cu 

Undrained 
angle of 
internal 
friction, 
degrees 

  

Modulus of 
Subgrade 

Reaction, pci 
K (cyclic 
loading) 

50% strain 
value 

e50 

0 to 5 Clay and Gravel (CL) .069 5.55 0 100 0.01 

5 to 16 CLAY (CL) .072 24.30 0 400 0.005 

16 to 50 Marl .075 55.55 0 1,000 0.003 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drilled Shaft/Drilled Pier Installation Considerations 

Recommended Installation Procedure FHWA-NHI-10-016, May 2010 

High-torque Drilling Equipment Anticipated Yes 

Groundwater Anticipated No 

Contractor Should Verify Groundwater Before Installation Yes 

Temporary Casing Anticipated No 

Concrete Placement After Drilling 

Same day as drilling.  If a pier excavation cannot be drilled and 
filled with concrete on the same day, temporary casing or slurry 

may be needed to maintain an open excavation. concrete should 
not be allowed to ricochet off the pier reinforcing steel nor off the 

pier side walls 

Concrete Slump 7 inches + 1 inch 

Maximum  Permissible Water Accumulation in Excavation 2 inches 

Concrete Installation Method Needed if Water Accumulates Tremie or pump to displace water 

Spacing Between Reinforcing or Behind Reinforcing Cage 3 times maximum size of coarse aggregate 

Centralizers Recommended for Reinforcing Installation Yes 

Cross Bracing within Reinforcing Cage Within Installed 
Drilled Shaft Not recommended 

Quality Assurance Monitoring 
Geotechnical engineer’s representative should be present during 
drilling of all piers, should observe drilling and verify the installed 
depth, should verify material type at the base of excavation and 

cleanliness of base, should observe placement of reinforcing 
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DRILLED PIER FOUNDATION DESIGN AND CONSTRUCTION RECOMMENDATIONS – SOMERSET SITE 
 

Parameters for Axial Design 

Depth Interval, 
feet Material 

Allowable Skin 
Friction, Qf, psf 

(includes F.S. =  2) 

Allowable End 
Bearing, Qeb, psf 
(includes F.S. = 3) 

Uplift Force of Soil 
in Active Zone, 

kips 

0 to 5 CLAY (CH) -- -- 

50d with d in feet 5 to 38 CLAY (CH) 700 7,500 

38 to 50 CLAY (CL) 1,750 19,500 

Constraints to be Imposed During Shaft/Drilled Pier Design 

Minimum Embedment Depth 
 (considers estimated depth of seasonal moisture change) 

26 feet below final grade 

Minimum Shaft Diameter, d 42 inches 

Minimum Depth to Neglect Skin Friction Contribution to Base of Pier 3.5 feet 

Uplift Resistance Pier Weight + Dead load + skin friction below active zone  

Estimated Depth of Active Zone from Ground Surface during 
Geotechnical Exploration, D 10 feet 

Minimum Pier Spacing (center to center) 3 shaft diameters (3d) 

Group Effects Due To Closely Spaced Piers < 3d consult Arias  

Pier Vertical Reinforcing Steel As needed to resist uplift forces with a minimum of 1!% of 
gross cross-sectional area 

Pier Tensile Reinforcing Steel Per ACI Code 

Estimated Settlement for Properly Installed Piles in Project Area 
 Total Settlement 
 Differential Settlement 
 
 

 
1 inch 

0.5 inch 
Detailed settlement analyses based on encountered 

materials is outside of the project scope. 

 

Parameters for Lateral Design using LPILE 

Depth Interval, 
feet Material 

Effective 
soil unit 
weight, 

pci  
e 

Undrained 
soil shear 

strength, psi 
Cu 

Undrained 
angle of 
internal 
friction, 
degrees 

  

Modulus of 
Subgrade 

Reaction, pci 
 K (cyclic 
loading) 

50% strain 
value 
 e50 

0 to 5 CLAY (CH) .069 5.55 0 100 0.01 

5 to 38 CLAY (CH or CL) .072 17.36 0 400 0.005 

38 to 50 CLAY (CL) .072 45.13 0 800 0.004 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drilled Shaft/Drilled Pier Installation Considerations 

Recommended Installation Procedure FHWA-NHI-10-016, May 2010 

High-torque Drilling Equipment Anticipated Yes 

Groundwater Anticipated No 

Contractor Should Verify Groundwater Before Installation Yes 

Temporary Casing Anticipated Possible depending upon groundwater 

Concrete Placement After Drilling 

Same day as drilling.  If a pier excavation cannot be drilled and 
filled with concrete on the same day, temporary casing or slurry 

may be needed to maintain an open excavation. concrete should 
not be allowed to ricochet off the pier reinforcing steel nor off the 

pier side walls 

Concrete Slump 7 inches + 1 inch 

Maximum  Permissible Water Accumulation in Excavation 2 inches 

Concrete Installation Method Needed if Water Accumulates Tremie or pump to displace water 

Spacing Between Reinforcing or Behind Reinforcing Cage 3 times maximum size of coarse aggregate 

Centralizers Recommended for Reinforcing Installation Yes 

Cross Bracing within Reinforcing Cage Within Installed 
Drilled Shaft Not recommended 

Quality Assurance Monitoring 
Geotechnical engineer’s representative should be present during 
drilling of all piers, should observe drilling and verify the installed 
depth, should verify material type at the base of excavation and 

cleanliness of base, should observe placement of reinforcing 
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PAVEMENT SECTION DESIGN AND CONSTRUCTION RECOMMENDATIONS 
 
Recommendations were prepared in accordance with the AASHTO Guide for the Design of Pavement Structures (1993) and the ACI Design 
Guide 330R for Design and Construction of Concrete Parking Lots. No specific design traffic information was received for this project. 
 
 

Assumptions Used for Pavement Design 
 

Design Life 20 years  

Anticipated Maintenance Periodic to repair/seal cracks resulting from movement and to 
maintain proper drainage 

Drainage Perimeter drainage should be controlled to reduce the influx of 
surface water from areas surrounding the paving. 

Medium Duty Traffic Areas Entrance aprons and drives into the site, areas with passenger 
vehicular traffic, and areas with occasional single-unit trucks 

Medium Duty Traffic Load Estimate 50,000 equivalent single axle loads (ESALs); Average Daily Truck 
Traffic (ADTT) = 10 

Average Daily Truck Traffic Vehicle with at least 6 Wheels 1 

Concrete Compressive Strength 3,500 psi 

California Bearing Ratio (CBR) for Raw Subgrade At least 2 

Modulus of Subgrade Reaction for Raw Subgrade, k 75 pci 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Recommended Pavement Sections – All Sites 
 

Layer Material 
Rigid Concrete 

Light Duty Medium Duty Heavy Duty 

Surface  PCC -- -- 6” 7” -- -- 

Subgrade 

Lime 
Treatment -- -- 6” -- -- -- 

Moisture 
Conditioned -- -- -- 6”* -- -- 

Additional Design Considerations 

Potential Estimated Movement Based on 
Existing Site Materials 

1 to 3¼  inches  

 
* - Moisture Conditioned subgrade preparation option should not be used at Midcrown Site.  Lime stabilization of subgrade should be used 
at this location. 

 
 

Subgrade Preparation Prior to Concrete Paving Section Construction 
 

Minimum Undercut Depth 4 inches or as needed to remove roots, organics and deleterious 
materials 

Reuse Excavated Soils Provided they are free of roots and debris and meet the material 
requirements for their intended use 

Undercut Extent 2 feet beyond the paving limits 

Exposed Subgrade Treatment 
(Before Stabilization or Moisture Conditioning) 

Proof roll with rubber tired vehicle weighting at least 20 tons such 
as a loaded dump truck with Geotechnical Engineer’s 
representative present during proof rolling 

Pumping/Rutting Areas Discovered During Proof Rolling 
Remove to firmer materials and replace with compacted general 
or select fill under direction of geotechnical engineer 
representative 

General Fill Type Material free of roots, debris and other deleterious material with a 
maximum rock size of 4 inches; on-site clays having CBR > 2 
may be used 

Minimum General Fill Thickness As required to achieve grade 

Maximum General Fill Loose Lift Thickness 8 inches 

Stabilizer Application Rate (Estimated) 4 - 8% by dry weight 

Soil Dry Unit Weight (Estimated) 105 pcf but may be variable 

Determination Of Stabilizer Application Rate The actual stabilizer application rate should be determined by 
laboratory testing of soil samples taken after the pavement 
subgrade elevation has been achieved.  The quantity of lime 
should be sufficient to result in a pH of at least 12.4 when tested 
in accordance with ASTM C 977, Appendix XI.  Alternately, the 
optimum lime content may be determined through Atterberg limits 
testing on treated samples with varying percentages of lime. 

Stabilization Procedure TxDOT Item 260 and 264 

Minimum Concrete Compressive Strength At 28 Days 3500 psi 

Desired concrete slump during placement 5 ± 1 inch 

Reinforced section Jointed not continuous 

Expansion Joints May be eliminated except at tie-ins with existing concrete and 
structures 

Contraction Joints – transverse and longitudinal Meet spacing and sawing requirements of ACI 330R (Guide for 
Design and Construction of Concrete Parking Lots) 

Placement In accordance with ACI 304R, ACI 305R, and ACI 306R 
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SUBGRADE PREPARATION SITE WORK (NON STRUCTURAL/GENERAL FILL) 
 

Minimum Undercut Depth 4 inches or as needed to remove roots, organics and deleterious 
materials 

Exposed Subgrade Treatment Proof roll with rubber tired vehicle weighting at least 20 tons such as a 
loaded dump truck with Geotechnical Engineer’s representative present 
during proof rolling 

Pumping/Rutting Areas Discovered During Proof Rolling Remove to firmer materials and replace with compacted general or 
select fill under direction of geotechnical engineer representative 

General Fill Type Material free of roots, debris and other deleterious material with a 
maximum rock size of 4 inches 

Maximum General Fill Loose Lift Thickness 8 inches 

 
COMPACTION AND TESTING REQUIREMENTS 

 
Equipment Pad Materials 

 

Location Material 
Percent Compaction Optimum 

Moisture Content Testing 
Requirement 

ASTM D 698 (Standard Proctor) 

Equipment Pad 
Area 

Subgrade soil at base of excavation  93% to 98% +1% to +5% 
1 per 5,000 SF; 

min. 3 tests 

Reconditioned On-Site Soils 94% to -98% +1% to +5% 
1 per 5,000 SF; 

min. 3 per lift 

Select Fill   95% -1% to +3% 
1 per 5,000 SF; 

min. 3 per lift 

Crushed Limestone Base  98% -2% to +3% 
1 per 5,000 SF; 

min. 3 per lift 

 
Pavement Materials 

 

Location Material 
Test Method for 

Density 
Determination 

Percent 
Compaction 

Optimum 
Moisture 
Content 

Testing 
Requirement 

Pavement 
Areas 

Scarified On-site Soil 
(Subgrade) ASTM D 698  95% 0 to +4% 1 per  5,000 SF; 

min. 3 tests 

General Fill 
(Onsite Material) ASTM D 698  95% 0 to +4% 1 per 5,000 SF; 

min. 3 per lift 

Stabilized Materials ASTM D 698  95% 0 to +4% 1 per 5,000 SF; 
min. 3 per lift 

Base Material ASTM D 1557 
 95% 

 
+3% 1 per 5,000 SF; 

min. 3 per lift 

Hot-mix asphaltic 
concrete TEX 207 F 

91% to 95% 
Theoretical Lab 

Density 
Not applicable 1 per 5,000 SF; 

min. 3 per lift 

 
General Site Work (Non Structural/General Fill) Materials 

 

Location Material 
Percent Compaction Optimum 

Moisture Content Testing 
Requirement 

ASTM D 698 (Standard Proctor) 

General Fill 
Outside 

Building Pad 
and Pavement 

Area 

On-site material free of vegetation 
and debris  95% -2% to +3% 

1 per 5,000 SF; 
min. 3 per lift 

 
DESIGN MEASURES TO REDUCE CHANGES IN SOIL MOISTURE 

 
Measures to reduce future moisture fluctuations of the soils under the floor slab must be considered.  Movements of foundation soil can be 
effectively reduced by providing horizontal and/or vertical moisture barriers around the edge of the slab.  Typically the moisture barriers 
would consist of concrete flatwork or asphalt or concrete pavement placed adjacent to the edge of the foundation, a clay cap over plastic, or 
a deepened perimeter grade beam.  
 
Although subgrade modification through excavation and replacement is recommended to reduce potential soil-related foundation 
movements, the design and construction of a grade-supported foundation should also include the following elements: 

 Roof drainage should be controlled by gutters and carried well away from the structure.  The ground surface adjacent to the building 
perimeter should be sloped and maintained a minimum of 5% grade away from the building for 10 feet to result in positive surface 
flow or drainage away from the building perimeter. 

 Hose bibs, sprinkler heads, and other external water connections should be placed well away from the foundation perimeter such that 
surface leakage cannot readily infiltrate into the subsurface or compacted fills placed under the proposed foundations and slabs. 

 No trees or other vegetation over 6 feet in height shall be planted within 15 feet of the structure unless specifically accounted for in 
the foundation design. 

 Utility bedding should not include gravel within 4 feet of the perimeter of the foundation.  Compacted clay or flowable fill trench backfill 
should be used in lieu of permeable bedding materials between 2 feet inside the building to a distance of 4 feet beyond the exterior of 
the building edge to reduce the potential for water to infiltrate within utility bedding and backfill material.   

 Paved areas around the structure are helpful in maintaining equilibrium within the soil water content.  Pavement and sidewalks 
should be located immediately adjacent to the building.   

 Flower beds and planter boxes should be piped or water tight to prevent water infiltration under the building.  Experience indicates 
that landscape irrigation is a common source of foundation movement problems and pavement distress. 

 Site work excavations should be protected and backfilled without delay to reduce changes in the natural moisture regime. 

 In unpaved areas, the use of a clay cap over plastic sheeting or the use of a deepened perimeter grade beam should be performed. 
 

FLATWORK CONSIDERATIONS 
 
Minor differential movements between the planned structure(s) and abutting sidewalks may occur, particularly for the grade-supported 
foundation option.  Flatwork supported on unimproved, natural site conditions will result in flatwork movements on the order of the 
magnitude or greater than reported in the PVR section which can result in significant cracking, joint separations, and a reversal in drainage.  
 
We recommend that the flatwork and the structure be designed to include details that permit foundation movements without resulting in 
vertical separations and without distressing either element.  Control joints should be included that include steel reinforcing to prevent vertical 
shear, but to allow bending. 
 
The flatwork and abutting sidewalks that are supported on grade should be designed and constructed to allow for positive drainage to be 
maintained away from the structure foundations.  The planned site grading should allow for potential future differential movements and 
should never be allowed to reach a level or negative slope that promotes drainage toward the foundation.  This reversal in drainage can 
direct moisture to the structure becoming a constant nuisance and maintenance issue. 
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CONSTRUCTION CRITERIA NOTES 
 

Initial Site Preparation for All Development Areas 
Strip away any existing asphalt, concrete, topsoil, grass, organics, and deleterious debris as needed and dispose outside of the footprints of 
the building, pavement and other structural areas.  Undercut to the required depth and extent as recommended for the proposed 
development features.  Additional excavation may be required to remove existing utilities or foundations.  Additional excavation may also be 
necessary if deleterious materials such as buried debris and/or rubble or if undesirable soft and wet subgrade conditions are encountered.  
The site representative of the geotechnical engineer should observe undercutting operations.  Unless passing density reports are provided 
for a specific area, existing fill soils found during excavation should be considered as uncertified and removed to suitable natural soils. 
 
Drainage 
Good positive drainage during and after construction is very important to reduce expansive soil volume changes that can detrimentally affect 
the performance of the planned development.  Proper attention to surface and subsurface drainage details during the design and 
construction phase of development can aid in preventing many potential soil shrink-swell related problems during and following the 
completion of the project.  
 
Earthwork and Foundation Acceptance 
Exposure to the environment may weaken the soils at the foundation bearing level if the excavation remains open for long periods of time.  
Therefore, it is recommended that all foundation excavations be extended to final grade and constructed as soon as possible in order to 
reduce potential damage to the bearing soils.  If bearing soils are exposed to severe drying or wetting, the unsuitable soil must be re-
conditioned or removed as appropriate and replaced with compacted fill, prior to concreting.  The foundation bearing level should be free of 
loose soil, ponded water or debris and should be observed prior to concreting by the geotechnical engineer or his representative. 
 
Foundation concrete should not be placed on soils that have been disturbed by rainfall or seepage.  If the bearing soils are softened by 
surface water intrusion during exposure or by desiccation, the unsuitable soils must be removed from the foundation excavation and 
replaced with compacted select fill prior to placement of concrete. 
 
Subgrade preparation and fill placement operations should be monitored by the soil engineer or his representative.  Any areas not meeting 
the required compaction should be recompacted and retested until compliance is met. 
 
Trench Excavations 
Excavations should comply with OSHA Standard 29CFR, Part 1926, Subpart P and all State of Texas and local requirements.  Trenches 20 
feet deep or greater require that the protective system be designed by a registered professional engineer.  A trench is defined as a narrow 
excavation in relation to its depth.  In general, the depth is greater than the width, but the bottom width of the trench is not greater than 15 
feet. Trenches greater than 5 feet in depth require a protective system such as trench shields, trench shoring, or sloping back the 
excavation side slopes.  
 
The Contractor’s “Competent Person” shall perform daily inspections of the trench to verify that the trench is properly constructed and that 
surcharge and vibratory loads are not excessive, that excavation spoils are sufficiently away from the edge of the trench, proper ingress and 
egress into the trench is provided and all other items are performed as outlined in these OSHA regulations.  It is especially important for the 
inspector to observe the effects of changed weather conditions, surcharge loadings, and cuts into adjacent backfills of existing utilities.  The 
flow of water into the base and sides of the excavation and the presence of any surface slope cracks should also be carefully monitored by 
the Trench Safety Engineer. 
 
Although the geotechnical report provides an indication of soil types to be anticipated, actual soil and groundwater conditions will vary along 
the trench route. The “Competent Person” must evaluate the soils and groundwater in the trench excavation at the time of construction to 
verify that proper sloping or shoring measures are performed.   
 
Appendix B to the OSHA regulations has sloping and benching requirements for short-term trench exposure for various soil types up to the 
maximum allowable 20-foot depth requirement. 

GENERAL COMMENTS 
 

The scope of this study is to provide geotechnical engineering criteria for use by design engineers in preparing designs for the features 
addressed in the Arias geotechnical report.  Environmental studies of any kind were not a part of our scope of work or services even though 
we are capable of providing such services.   
 
This report was prepared as an instrument of service for this project exclusively for the use of the Client and the project design team.  If the 
development plans change relative to building or overall site layout, size, or anticipated loads or if different subsurface conditions are 
encountered, we should be informed and retained to ascertain the impact of these changes on our recommendations.  We cannot be 
responsible for the potential impact of these changes if we are not informed. 
 
Geotechnical Design Review 
Arias should be given the opportunity to review the design and construction documents.  The purpose of this review is to check to see if our 
geotechnical recommendations are properly interpreted into the project plans and specifications.  Please note that design review was not 
included in the authorized scope and additional fees may apply. 
 
Subsurface Variations 
Soil and groundwater conditions may vary between the sample boring locations.  Transition boundaries or contacts, noted on the boring logs 
to separate soil types, are approximate.  Actual contacts may be gradual and vary at different locations.  The contractor should verify that 
similar conditions exist throughout the proposed area of excavation.  If different subsurface conditions or highly variable subsurface 
conditions are encountered during construction, Arias should be contacted to evaluate the significance of the changed conditions relative to 
our recommendations. 
 
Quality Assurance Testing 
The long-term success of the project will be affected by the quality of materials used for construction and the adherence of the construction 
to the project plans and specifications.  As Geotechnical Engineer of Record (GER), we should be engaged by the Owner to provide Quality 
Assurance (QA) testing.  Our services will be to evaluate the degree to which constructors are achieving the specified conditions they’re 
contractually obligated to achieve, and observe that the encountered materials during earthwork for foundation and pavement installation 
are consistent with those encountered during this study.  In the event that Arias is not retained to provide QA testing, we should be 
immediately contacted if differing subsurface conditions are encountered during construction.  Differing materials may require modification to 
the recommendations that we provided herein.  A message to the Owner with regard to the project QA is included as an attachment to the 
Arias geotechnical report. 
 
Arias has an established in-house laboratory that meets the standards of the American Standard Testing Materials (ASTM) specifications of 
ASTM E-329 defining requirements for Inspection and Testing Agencies for soil, concrete, steel and bituminous materials as used in 
construction.  We maintain soils, concrete, asphalt, and aggregate testing equipment to provide the testing needs required by the project 
specifications.  All of our equipment is calibrated by an independent testing agency in accordance with the National Bureau of Standards.  In 
addition, Arias is accredited by the American Association of State Highway & Transportation Officials (AASHTO), the United States Army 
Corps of Engineers (USACE) and the Texas Department of Transportation (TxDOT), and also maintains AASHTO Materials Reference 
Laboratory (AMRL) and Cement and Concrete Reference Laboratory (CCRL) proficiency sampling, assessments and inspections.   
 
Furthermore, Arias employs a technical staff certified through the following agencies:  the National Institute for Certification in Engineering 
Technologies (NICET), the American Concrete Institute (ACI), the American Welding Society (AWS), the Precast/Prestressed Concrete 
Institute (PCI), the Mine & Safety Health Administration (MSHA), the Texas Asphalt Pavement Association (TXAPA) and the Texas Board of 
Professional Engineers (TBPE).  Our services are conducted under the guidance and direction of a Professional Engineer (P.E.) licensed to 
work in the State of Texas, as required by law.   
 
Standard of Care 
Subject to the limitations inherent in the agreed scope of services as to the degree of care and amount of time and expenses to be incurred, 
and subject to any other limitations contained in the agreement for this work, Arias has performed its services consistent with that level of 
care and skill ordinarily exercised by other professional engineers practicing in the same locale and under similar circumstances at the time 
the services were performed. 
 
Information about this geotechnical report is provided in the ASFE publication included as an attachment to the Arias geotechnical report. 
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SECTION III – ATTACHMENTS 

Attachments to this report include: 
Supplement #1, dated August 26, 2013 
ASFE Document:  Important Information about Your Geotechnical Report 
ASFE Document:  Project Quality Assurance
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