
 
 

Date: July 12, 2024 

To:  All Vendors 

Subject:  Addendum #2 

 

REFERENCE: B058-24 CONSTRUCTION OF AIRPORT SUBSTATION AND 

CONTROL BUILDING   

 

This Addendum forms part of the contract and clarifies, corrects or modifies original bid 

document.  

 

Question 1: Will this project be a turnkey job?  

 

Answer 1:  Yes, it is a turnkey job.  The awarded contractor will be responsible for the construction 

and installation of substation and control building.   

 

Question 2:  Who is going to be responsible for the site grading?   

 

Answer 2:  Brownsville PUB already has a contractor to do the site grading and preparation for 

the new installation of the substation and control building.  

 

Question 3: Do you have a Geotechnical report ready and available?  

 

Answer 3: Yes, attached is the Geotechnical report. 

  

Question 4: Do you need any access road at this site?  

 

Answer 4: No, it is not required. 

 

Question 5:  Will Brownsville PUB also be going out for bid on AFDE-138kV A-Frame Deadend 

Structure and 138kV Large Angle Dead-End?  The Bid B058-24 states those structures will be 

furnished by owner (BPUB). 

 

Answer 5:  Brownsville PUB already purchased those units, and they will be provided at the time 

of the construction. 

 

Question 6: Who is going to be responsible to tap the transmission lines to A-Frame deadend 

structures and to energize?  

 

Answer 6: Brownsville PUB will be responsible.  

 

Question 7: What are the calendar days to complete the project? 
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Answer 7: Brownsville PUB does not have a specific number of calendar days to complete the 

project.  BPUB will consider it when reviewing/evaluating the bids.  

 

Question 8: Is the contractor responsible to pick up, move, transport, and deliver the equipment 

to the job site? Will BPUB load our trucks with the owner furnished material or is it the 

responsibility of the contractor to load?  What is the distance?  

 

Answer 8: Yes, this project is a turnkey job, and the awarded contractor will be responsible to 

move the equipment to the job site.  contractor will have to coordinate pickup with BPUB on 

Structural steel pickup and other equipment, and responsible to provide their own loading 

equipment (forklift, winch truck).  The equipment is located at 1495 Robinhood Drive, 

Brownsville TX, and the travel distance is approximately 3 to 4 miles away.  A second unit is 

located at the Airport Substation, 915 S. Central Avenue, Brownsville, TX  about 500 ft away.    

 

Question 9: What about if moving the equipment for the second time? Do we need to move it to 

the new foundation? 

 

Answer 9: Yes, the awarded contractor will be responsible for moving the equipment the second 

time. 

 

Question 10: Do you have the weight and dimensions of the equipment? 

 

Answer 10: Yes, attached is a picture of the nameplate and manufacturer design as references. 

 

Question 11: It was mentioned yesterday that the contractor is responsible for the top 

rock/insulating rock that gets placed inside the station. There is not a bid unit for that, where do 

we need to put the cost for this? 

 

Answer 11: Yes, see attached Cost Sheet – “Additional Line Item” page 35 rev1 and complete it 

along with the original cost sheet provided when submitting bid response. 

DO NOT FILL PRICING WHEN ACKNOWLEDGING RECEIPT OF THIS ADDENDUM. 

 

 

The signature of the company agent, for the acknowledgement of this addendum, shall be 

required.  Complete information below and return via e-mail to: hlopez@brownsville-

pub.com and to dsolitaire@brownsville-pub.com. 

 

 

 I hereby acknowledge receipt of this addendum. 

 

Company:            

 

Agent Name:           

 

Agent Signature:          

 

 

 

mailto:hlopez@brownsville-pub.com
mailto:hlopez@brownsville-pub.com
mailto:dsolitaire@brownsville-pub.com
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Address:           

 

City:       State:    Zip:   

 

Phone Number:      E-mail address:     

 

If you have any further questions about the Bid, call 956-983-6375. 
 

Hugo E. Lopez 
BY:  Hugo E. Lopez 

         Purchasing        

 



Brownsville Public Utilities Board 

Bid Schedule     35 REV1     Bid No. 058-24 

REVISED COST SHEET - Additional LineItem 

 

DO NOT FILL PRICING WHEN ACKNOWLEDGING RECEIPT OF THIS ADDENDUM 

Drawing  
Ref. 

NAME AND DESCRIPTION OF CONSTRUCTION UNIT 
Owner 

Furnished  
NO. OF 
UNITS 

LABOR PRICE Material Price 

AP-Q4 

25kV Porcelain Insulator Painting- Contractor is responsible for 
supplying labor, material, and equipment to apply 570 High Voltage 
Insulator Coating ("Seal Guard," Midsun Group, 1-800-4-MIDSUN) to 
prevent excess leakage current, tracking and flashover to new 
insulators. Seal Guard shall not be applied to anything made of 
polymer. The contractor is responsible to be fully trained or have a 
Midsun supervisor present during application so there is a full warranty 
in effect following application. The Midsun Insulator Coating is 
contractor furnished and WHITE in color. The porcelain insulators shall 
be painted in a dust-free environment (i.e. paint booth or other 
environment protected area.) INSULATOR COATING SHALL BE 
ADDED TO ALL NEW STATION POST INSULATORS, INCLUDING 
INSULATORS MOUNTED ON NEW SWITCHES. 

N 1 lot     

  

    
 

  
TOTAL, GROUP 

Q 
  

  

GROUP T - TESTING      

AP-T1 
Field Testing, check-out and acceptable testing of the substation 
facilities as described in the Division FT of the "Contract Documents". 
The substation testing, check-out and acceptance will be performed by:                                                    

NA 1 lot   

  

    
 

  
TOTAL, GROUP 

T 
  

  

TOTAL SUBSTATION BID AMOUNT  $   

  
 

TOP ROCK/INSULATIN ROCK (INSIDE THE STATION) 
 

1 LOT      
  

        

 

NOTE: LINE ITEM IN RED IS AN ADDITIONAL LINE ITEM  
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REPORT SUMMARY 

Topic 
1
 Overview Statement 

2
 

Project 
Description 

The project will include the construction of substation and transmission line related 

equipment. 

Geotechnical 
Characterization 

◼ Groundwater was encountered at depths between 7 and 34 feet below 
existing grade during drilling operations. 

◼ The subsurface soils at this site generally consist of Fat Clay (CH) and Silty 
Sand (SM). 

Potential 
Vertical Rise 
(PVR) 

The existing Potential Vertical Rise (PVR) of the soils within the proposed building 
area in present condition is about 1 to 2 inches. 

Seismic Site 
Classification  

The subsurface conditions within the site are consistent with the characteristics of 
Site Class D as defined in the International Building Code (IBC) Site Classification. 

Earthwork The subgrade should be prepared as noted in Earthwork 

Foundations 
A shallow or deep foundation system would be appropriate to support the structural 
loads of the proposed structures, provided the pads are prepared as recommended 
in this report. 

General 
Comments 

This section contains important information about the limitations of this geotechnical 
engineering report. 

1. If the reader is reviewing this report as a pdf, the topics above can be used to access the appropriate section 
of the report by simply clicking on the topic itself. 

2. This summary is for convenience only. It should be used in conjunction with the entire report for design 
purposes.  
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INTRODUCTION  

Geotechnical Engineering Report 

Airport Distribution Substation 

Billy Mitchel Blvd. and S. Central Ave. 

Brownsville, Texas 
Terracon Project No. 88205026 

May 18, 2020 

 

INTRODUCTION 
 

This report presents the results of our subsurface exploration and geotechnical engineering 

services performed for the proposed additions to the existing Airport Distribution Substation 

located at Billy Mitchel Blvd. and S. Central Ave. in Brownsville, Texas. The purpose of these 

services is to provide information and geotechnical engineering recommendations relative to: 

 

■ Subsurface soil conditions ■ Foundation design and construction 

■ Groundwater conditions ■ Floor slab design and construction 

■ Site preparation and earthwork ■ Seismic site class per IBC 

■ Excavation considerations  

 

The geotechnical engineering Scope of Services for this project included the advancement of 3 

test borings to depths of approximately 50 feet below existing site grades. 

 

Maps showing the site and boring locations are presented in the Site Location and Exploration 

Plan sections, respectively. The results of the laboratory testing performed on soil samples 

obtained from the site during the field exploration are included on the boring logs in the 

Exploration Results section. 

SITE CONDITIONS 

The following description of site conditions is derived from our site visit in association with the 

field exploration and our review of publicly available geologic and topographic maps.   

 

Item Description 

Parcel Information 

The project site is located south of the intersection of Billy Mitchel Blvd. 

and S. Central Ave. in Brownsville, Texas.   

Latitude/Longitude: 25.906247°, -97.447431° 

See Site Location 

Existing Improvements Currently energized and operational substation 

Current Ground Cover Caliche 

Existing Topography Relatively flat and level. 
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Item Description 

Geology 

Based on the Geologic Atlas of Texas, McAllen – Brownsville prepared by 

The University of Texas, the site is located on the Alluvium Formation of 

the Holocene (Recent) Period of the Quaternary Age. Floodplain deposits, 

lower course of Rio Grande, are divided into areas dominantly mud and 

areas dominantly silt and sand. All other areas are alluvium undivided, 

except for some areas where tidal flat areas are mapped. The soils are 

mostly composed of clay, silt, sand, gravel and organic matter. The silt and 

sand are described as calcareous and dark gray to dark brown in color. 

The sand is mostly quartz and the gravel along Rio Grande include 

sedimentary rocks from the Cretaceous and Tertiary and a wide variety of 

igneous and sedimentary rocks from Trans-Pecos Texas, Mexico, and New 

Mexico including agate. The gravel in side streams of the Rio Grande is 

mostly Tertiary rocks and chert derived from Uvalde Gravel which caps 

divide. 

PROJECT DESCRIPTION 

Item Description 

Information Provided 
Technical Specifications for the Scope of Work provided by Brownsville 
Public Utilities Board via email on 01/24/2020. 

Project Description 
The project will include the construction of substation and transmission line 
related structures and equipment. 

Construction Type 
The proposed structures may be supported by a shallow (grade-supported 
pads and mats) and/or deep (straight-sided drilled shafts or direct 
embedded poles) foundation system. 

GEOTECHNICAL CHARACTERIZATION 

We have developed a general characterization of the subsurface conditions based upon our 

review of the subsurface exploration, laboratory data, geologic setting and our understanding of 

the project. This characterization, termed GeoModel, forms the basis of our geotechnical 

calculations and evaluation of site preparation and foundation options. Conditions encountered at 

each exploration point are indicated on the individual logs. The individual logs and the GeoModel 

can be found in the Exploration Results section of this report.  

 

As part of our analyses, we identified the following model layers within the subsurface profile. For 

a more detailed view of the model layer depths at each boring location, refer to the GeoModel. 
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Model Layer Layer Name General Description 

1 CLAY 
Fat Clay (CH) 

Soft to hard 

2 SAND 
Silty Sand (SM) 

Loose to very dense 

 

Groundwater Conditions 

The boreholes were observed during and after completion of drilling for the presence and level of 

groundwater.  The water levels observed are noted on the attached boring logs, and are summarized 

below.   

  

Location 

Depth to groundwater (feet) 

During drilling 

15 minutes after 

initial groundwater 

reading 

After boring 

completion 

B-1 34 34 7 

B-2 16 12 7½ 

B-3 13 8 8 

 

The Silty Sand (SM) soils are considered volumetrically stable and due to their granular nature 

may transmit water easily during rainfall seasons. Groundwater level fluctuations occur due to 

seasonal variations in the amount of rainfall, runoff and other factors not evident at the time the 

borings were performed. Therefore, groundwater levels during construction or at other times in 

the life of the structure may be higher or lower than the levels indicated on the boring logs. The 

possibility of groundwater level fluctuations should be considered when developing the design 

and construction plans for the project. The boreholes were backfilled with cement-bentonite grout 

after completion of the groundwater level observations. 

GEOTECHNICAL OVERVIEW 

Our findings indicate the proposed building structure can be supported on a shallow or deep 

foundation system. The desired foundation system may be used at this site provided the site and 

foundation are designed and constructed as recommended in this report. 

 

The suitability and performance of a soil supported foundation for a structure depends on many 

factors including the magnitude of soil movement expected, the type of structure, the intended 

use of the structure, the construction methods available to stabilize the soils, and our 

understanding of the owner’s expectations of the completed structure's performance.    
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Expansive soils and soft compressible soils are present on this site. This report provides 

recommendations to help mitigate the effects of soil settlement, shrinkage and expansion. 

However, even if these procedures are followed, some movement in the structure should be 

anticipated. Eliminating the risk of movement may not be feasible, but it may be possible to further 

reduce the risk of movement if significantly more expensive measures are used during 

construction. We would be pleased to discuss other construction alternatives with you upon 

request.  

 

Geotechnical engineering recommendations for foundation systems and other earth connected 

phases of the project are outlined below. The recommendations contained in this report are based 

upon the results of data presented herein, engineering analyses, and our current understanding 

of the proposed project. 

 

The General Comments section provides an understanding of the report limitations. 

 

Swell Test Results 

To further evaluate the expansive characteristics of the clayey soil, one-dimensional vertical swell 

tests were conducted on selected specimens. The results of these tests are shown in the following 

table. 

 

Swell Test Results 

Boring Depth (feet) 
Surcharge  

(psf)  

Initial Moisture 

(%) 

Final Moisture 

(%) 

Percent Swell 

(%) 

B-1 5.0 100 25.5 27.3 0.8 

B-1 5.0 700 1 24.5 26.0 0.1 

1. Swell test specimens were applied a surcharge pressure during testing that approximated the existing soil 

overburden. 

 

The test results indicate that the onsite soils have a moderate swell potential in their existing 

condition. However, these soils, if they were allowed to dry out, could have greater potential for 

volumetric changes.  

EARTHWORK 

Earthwork will include clearing and grubbing, excavations and fill placement. The following 

sections provide recommendations for use in the preparation of specifications for the work. 

Recommendations include critical quality criteria as necessary to render the site in the state 

considered in our geotechnical engineering evaluation for foundations and pavements.  
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Site Preparation 

Construction areas should be stripped of all caliche, topsoil and other unsuitable material. 

Additional excavation as recommended in this report or as needed should be performed within 

the proposed building area. Once final subgrade elevation has been achieved, the exposed 

subgrade should be carefully proofrolled with a 15-ton pneumatic roller or a fully loaded dump 

truck to detect weak zones in the subgrade. Special care should be exercised when proofrolling 

the fill soils to detect soft/weak areas. Weak areas detected during proofrolling, as well as zones 

of fill containing organic matter and/or debris should be removed and replaced with select fill in 

the proposed building area. Proper site drainage should be maintained during construction, so 

that ponding of surface runoff does not occur and cause construction delays and/or inhibit site 

access.  

 

Subsequent to proofrolling, and just prior to placement of fill, the exposed subgrade within the 

construction area should be evaluated for moisture and density. If the moisture, density, and/or 

the requirements do not meet the criteria described in the table below, the subgrade should be 

scarified to a minimum depth of 8 inches, moisture adjusted and compacted to at least 95 percent 

of the Standard Effort (ASTM D 698) maximum dry density. Select fill should meet the following 

criteria. 

 

Fill Material Types 

Engineered fill should consist of approved materials, free of organic material, debris and particles 

larger than about 2 inches. The maximum particle size criteria may be relaxed by the geotechnical 

engineer of record depending on construction techniques, material gradation, allowable lift 

thickness and observations during fill placement. Soils for use as engineered fill material should 

conform to the following specifications:  

 

Fill Type 
1 

 USCS Classification Acceptable Location for Placement 

Aggregate Base 

Course 
2
 

SC, GC, Caliche, 

Crushed Limestone, 

Crushed Concrete 

Top 6 inches of pad areas.  

Select Fill 
CL and/or SC 

(7≤PI≤20) 

Must be used to construct the pads under the structures 

and all grade adjustments. 

On-Site Soils CL/CH 

On-site CL soils may be suitable for use as fill within 

the structure areas as long as they are free from 

organics, cohesive and have a PI between 7 and 20.  

1. Prior to any filling operations, samples of the proposed borrow and on-site materials should be obtained for 

laboratory moisture-density testing. The tests will provide a basis for evaluation of fill compaction by in-

place density testing. A qualified soil technician should perform sufficient in-place density tests during the 
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Fill Compaction Requirements 

Structural and general fill should meet the following compaction requirements.   

 

Item Description 

Fill Lift Thickness 
The fill should be placed in thins; loose lifts of about 8 

inches, with compacted thickness not exceeding 6 inches.  

Compaction Requirements (on-site 

soils) 

The on-site soils should be compacted to at least 95 

percent of the Standard Effort (ASTM D698) maximum dry 

density within 4 percentage points above the optimum 

moisture content. 

Compaction Requirements (select fill) 

The select fill should be compacted to at least 95 percent 

of the Standard Effort (ASTM D698) maximum dry density 

within 2 percentage points of the optimum moisture 

content. 

 

Wet Weather/Soft Subgrade Conditions 

Construction operations may encounter difficulties due to the wet or soft surface soils becoming 

a general hindrance to equipment due to rutting and pumping of the soil surface, especially during 

and soon after periods of wet weather.  

 

If the subgrade cannot be adequately compacted to minimum densities as described above, one 

of the following measures will be required: 1) removal and replacement with select fill, 2) chemical 

treatment of the soil to dry and increase the stability of the subgrade, or 3) drying by natural means 

if the schedule allows.  

 

In our experience with similar soils in this area, chemical treatment is an efficient and effective 

method to increase the supporting value of wet and weak subgrade. Terracon should be 

contacted for additional recommendations if chemical treatment of the soils is needed. 

 

Prior to placing any fill, all surface vegetation, topsoil, possible fill material and any otherwise 

unsuitable materials should be removed from the construction areas.  Wet or dry material should 

either be removed or moisture conditioned and recompacted. After stripping and grubbing, the 

subgrade should be proof-rolled where possible to aid in locating loose or soft areas.  Proof-rolling 

filling operations to evaluate that proper levels of compaction, including dry unit weight and moisture 

content, are being attained. 

2. Crushed limestone and crushed concrete material should meet the requirements of 2014 TxDOT Item 247, 

Type A, or D, Grades 1-2 and 3. The select fill materials should be free of organic material and debris, and 

should not contain stones larger than 2 inches in the maximum dimension. The clayey gravel and caliche 

materials should meet the gradation requirements of Item 247, Type B, Grades 1-2 and 3 as specified in 

the 2014 TxDOT Standard Specifications Manual and a Plasticity Index between 7 and 20. 
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can be performed with a 15-ton roller or fully loaded dump truck.  Soft, dry and low-density soil 

should be removed or compacted in place prior to placing fill.  

 

Grading and Drainage 

It is important that positive drainage be established during construction such that water will not 

pond around the structures during or following the construction period.  

 

All grades must be adjusted to provide positive drainage away from the structures. Where paving 

or flatwork abuts the structures, care should be taken that the joint is properly sealed and 

maintained. Roof drains should discharge away from the control building.  

 

Earthwork Construction Considerations 

Shallow excavations, for the proposed structure, are anticipated to be accomplished with 

conventional construction equipment. Upon completion of filling and grading, care should be taken 

to maintain the subgrade water content prior to construction of floor slabs. Construction traffic 

over the completed subgrades should be avoided. The site should also be graded to prevent 

ponding of surface water on the prepared subgrades or in excavations. Water collecting over, or 

adjacent to construction area should be removed. If the subgrade freezes, desiccates, saturates, 

or is disturbed, the affected material should be removed, or the materials should be scarified, 

moisture conditioned, and recompacted, prior to floor slab construction. 

 

As a minimum, excavations should be performed in accordance with OSHA 29 CFR, Part 1926, 

Subpart P, “Excavations” and its appendices, and in accordance with any applicable local, and/or 

state regulations.  

 

Construction site safety is the sole responsibility of the contractor who controls the means, 

methods, and sequencing of construction operations. Under no circumstances shall the 

information provided herein be interpreted to mean Terracon is assuming responsibility for 

construction site safety, or the contractor's activities; such responsibility shall neither be implied 

nor inferred. 

 

Construction Observation and Testing  

The earthwork efforts should be monitored under the direction of the Geotechnical Engineer. 

Monitoring should include documentation of adequate removal of vegetation and top soil, proof-

rolling and mitigation of areas delineated by the proof-roll to require mitigation.  

 

Each lift of compacted fill should be tested, evaluated, and reworked as necessary until approved 

by the Geotechnical Engineer prior to placement of additional lifts. Each lift of fill should be tested 

for density and water content at a frequency of at least one test for every 2,500 square feet of 
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compacted fill in the building area and 5,000 square feet in pavement areas. One density and 

water content test for every 50 linear feet of compacted utility trench backfill. 

 

In areas of foundation excavations, the bearing subgrade should be evaluated under the direction 

of the Geotechnical Engineer. In the event unanticipated conditions are encountered, the 

Geotechnical Engineer should prescribe mitigation options.  

 

In addition to the documentation of the essential parameters necessary for construction, the 

continuation of the Geotechnical Engineer into the construction phase of the project provides the 

continuity to maintain the Geotechnical Engineer’s evaluation of subsurface conditions, including 

assessing variations and associated design changes. 

 

Corrosion Considerations 

The table below lists the results of laboratory soluble sulfate, soluble chloride, pH and resistivity 

testing. The values may be used to estimate potential corrosive characteristics of the on-site soils 

with respect to contact with the various underground materials which will be used for project 

construction. 

 

Corrosivity Test Results Summary 

Boring 
Sample 

Depth (feet) 
Soil Description 

Soluble 

Sulfate (%) 

Soluble 

Chloride (%) 
pH 

Resistivity 

(ohm-cm) 

B-3 6 - 8 Fat Clay (CH) 4,817 2,475 7.6 116 

 

Results of soluble sulfate testing indicate samples of the on-site soils tested possess severe 

sulfate concentrations when classified in accordance with Table 4.3.1 of the ACI Design Manual. 

Concrete should be designed in accordance with the provisions of the ACI Design Manual, 

Section 318, Chapter 4. To improve sulfate resistance of concrete in severe sulfate exposure 

when Type V cement is not available, the following should be considered: 

■ Use of Type I-II modified cement for sulfate resistance 

■ Cement should have a tricalcium aluminate content of not more than 8%. 

■ Concrete mixture should contain at least 20% Class F fly ash. 

■ Provide air-entrainment of 4% to 7% by volume. 

■ Lower the water to cement ratio to 0.4 to 0.45. 

 

Thermal Resistivity Testing 

A laboratory thermal resistivity (TR) was performed on a remolded specimen of representative 

soils from the native soils. The bulk sample was recovered from the upper 5 feet of soil in the 

vicinity of boring B-2. The results of TR testing are included in Exploration Results. 
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Electrical Earth Resistivity Testing (EER) 

Terracon performed two (2) field EER survey alignments at location selected by the client 

following ASTM G-57, using the Four-Electrode Wenner method.  The results of EER testing are 

included in Exploration Results. 

FOUNDATIONS SYSTEMS 

The proposed structures, depending on the load requirements and expected performance, can 

be supported on a variety of foundations which include drilled piers, mats, and slabs. Near-surface 

foundations, such as the equipment pads and the slab foundations may be sensitive to movement. 

If a structure can withstand the anticipated movement presented in this report, then spread 

footings may be utilized.  

 

A slab foundation would be appropriate for the proposed building-type structures. However, 

spread footings should not be utilized for buildings or structures sensitive to movement because 

of the increased risk of differential movement. Thickened and widened sections of the slab could 

be constructed for areas of concentrated loads.  

 

A deep foundation system, such as drilled piers, would be appropriate to support the structural 

loads of dead-end structures, and those structures requiring more capacity than a shallow 

foundation can provide. Recommendations for these types of foundation systems are provided in 

the following sections, along with other geotechnical considerations for this project. 

 

Design Parameters – Slab-on-Grade Foundation 

The foundation design parameters presented below are based on our evaluation using published 

theoretical and empirical design methods.   

 

These were developed based on our understanding of the proposed project, our interpretation of 

the information and data collected as a part of this study, our area experience and the results of 

our evaluation. The structural engineer should select the appropriate slab design method and 

code for the amount of anticipated slab movement indicated.  

 

The slab-on-grade foundation may be designed using the following parameters provided the 

subgrade is prepared as outlined in the Earthwork and Floor Slabs sections of this report:   

 

Item Description 

Select Fill Pad 
Minimum 2 feet of select fill over 8 inches of moisture 

conditioned and compacted on-site soils. 
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Item Description 

Allowable Bearing Pressure 1 

◼ Compacted select fill  
Net Total Load - 2,500 psf 

Climatic Rating 15 

Design Plasticity Index  24 

Soil Support Index  0.90 

Estimated PVR 2 About 1 inch 

Approximate total settlement 3 About 1 inch 

Estimated Differential Settlement 3 Approximately ½ of total settlement 

Min. perimeter grade beam embedment 4 18 inches below finished grade 

1. The net allowable bearing pressure provided above include a factor of safety of at least 2.  

2. The slab-on-grade foundation system should be designed to tolerate the anticipated soil movement and 
provide satisfactory support to the proposed structure. The foundation should have adequate exterior and 
interior grade beams to provide sufficient rigidity to the foundation system such that the slab deflections 
that result are considered tolerable to the supported structure.   

3. This estimated post-construction settlement is assuming proper construction practices are followed. 
Settlement response of a select fill supported slab is influenced more by the quality of construction than by 
soil-structure interaction. Therefore, it is essential that the recommendations for foundation construction be 
strictly followed during the construction phases of the building pad and foundation.  

4. To bear within the select fill or moisture conditioned and recompacted on-site soils. The grade beams may be 
thickened and widened where necessary to support column loads.     

 

Construction Considerations for Slab-on-Grade Foundation 

Excavations for grade beams should be performed with equipment capable of providing a 

relatively clean bearing area. The bottom 6 inches of the excavations should be completed with 

a smooth-mouthed bucket or by hand labor. The excavations should be neatly excavated and 

properly formed. Debris in the bottom of the excavation should be removed prior to reinforcing 

steel placement. Water should not be allowed to accumulate at the bottom of the excavation. Due 

to the presence of dry soils, caving of grade beam excavation may occur. Therefore, the 

foundation contractor should be prepared to use forms. 

 

To reduce the potential for groundwater seepage into the excavations and to minimize 

disturbance to the bearing area, we recommend that concrete and reinforcing steel be placed as 

soon as possible after the excavations are completed. Excavations should not be left open for 

more than 36 hours. The bearing surface of the grade beams should be evaluated after excavation 

is completed and immediately prior to placing concrete. 
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Design Recommendations – Spread Footing Foundation 

A spread footing foundation system may be used to support some of the planned structures that 

are not sensitive to movement. On-site clay soils have a moderate to high potential for shrink/swell 

movements.  The PVR of the soils in the general area of the substation is expected to be about 1 

to 2 inches. Some industrial structures may not be affected by movements of this magnitude and 

shallow spread footings might be a cost-effective foundation option.  

 

Spread footings may be considered in the design of the foundations to support the main column 

loads. Lateral loads transmitted to the footings should be resisted by a combination of soil-

concrete friction on the base of the footing and passive pressure on the side of the footing. To 

resist lateral forces, a net allowable passive resistance may be utilized for portions of footings 

extending at least 30 inches below finished grade. If the footing is formed during construction, the 

open space between the footing and the in-situ soils should be backfilled with soils. Also, care 

should be taken to avoid disturbance of the footing bearing area since loose material could 

increase settlement and decrease resistance to lateral loading. 

 

The spread footings can provide some uplift resistance for those structures subjected to wind or 

other induced structural loading.  

 

Uplift resistance of spread footings can be 

developed from the effective weight of the 

footing and the overlying soils. As illustrated on 

the subsequent figure, the effective weight of 

the soil prism defined by diagonal planes 

extending up from the top of the perimeter of the 

foundation to the ground surface at an angle, , 

of 20 degrees from the vertical can be included 

in uplift resistance. The maximum allowable 

uplift capacity should be taken as a sum of the 

effective weight of soil plus the dead weight of 

the foundation, divided by an appropriate factor 

of safety. A soil unit weight of 120 pcf should be 

used for the backfill. This unit weight should be 

reduced to 58 pcf for portions of the backfill or 

natural soils below the groundwater elevation. 
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Design values for the footings are presented below.  

 

Item Description 

Minimum Embedment Below Finished 

Grade 1 
2½ feet 

Net Allowable Bearing Pressure 7  Total Load - 2,500 psf 

Approximate total settlement 2  About 1 inch 

Estimated Differential Settlement 3 Approximately ½ of total settlement 

Allowable Passive Pressure 4 650 psf (if considered) 

Coefficient of Sliding Friction 5 0.40 

Uplift Resistance 6 Foundation Weight (150 pcf) & Soil Weight (120 pcf) 

1. To bear within the native soils or select fill. 

2. This estimated post-construction settlement of the shallow footings is without considering the effect of stress 
distribution from adjacent foundations and assuming proper construction practices are followed. A clear 
distance between the footings of one footing size should not produce overlapping stress distributions and 
would essentially behave as independent foundations.    

3. Differential settlement may result from variances in subsurface conditions, loading conditions and construction 
procedures. The settlement response of the footings will be more dependent upon the quality of construction 
than upon the response of the subgrade to the foundation loads. We estimate that the differential settlement 
should be approximately one-half of the total settlement. Settlement of footings will be more sensitive to 
installation techniques than to soil-structure interaction. 

4. The passive pressure along the exterior of the footings should be neglected unless pavement is provided 
up to the edge of the structure. For interior footings, the allowable passive pressure may be used for the 
entire depth of the footing. The passive pressure provided above includes a factor of safety of at least 3. 

5. Lateral loads transmitted to the footings will be resisted by a combination of soil-concrete friction on the base of 
the footings and passive pressure on the side of the footings. 

6. The ultimate uplift capacity of shallow footings should be reduced by an appropriate factor of safety to compute 
allowable uplift capacity. 

7. The net allowable bearing pressure provided above include a factor of safety of at least 2.     

 

Construction Considerations for Spread Footing Foundations 

As noted in Earthwork, the footing excavations should be evaluated under the direction of the 

Geotechnical Engineer. The base of all foundation excavations should be free of water and loose 

soil, prior to placing concrete. Concrete should be placed soon after excavating to reduce bearing 

soil disturbance. Care should be taken to prevent wetting or drying of the bearing materials during 

construction. Excessively wet or dry material or any loose/disturbed material in the bottom of the 

footing excavations should be removed/reconditioned before foundation concrete is placed. Due 

to the presence of dry soils, caving of excavation may occur. Therefore, the foundation contractor 

should be prepared to use forms.  
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Excavation should be accomplished with a smooth-mouthed bucket.  If a toothed bucket is used, 

excavation with this bucket should be stopped 6 inches above the final bearing surface and the 

excavation completed with a smooth-mouthed bucket or by hand labor.  

 

If the footing foundations are over-excavated and formed, the backfill around the foundation sides 

should be achieved with compacted select fill, lean concrete, compacted cement stabilized sand 

(two sacks cement to one cubic yard of sand) or flowable fill. Compaction of select fill should be 

as described later in this section of the report.  

 

The bearing surface should be excavated with a slight slope to create an internal sump for runoff 

water collection and removal.  If surface runoff water in excess of 2 inches accumulates at the 

bottom of the excavation, it should be pumped out prior to concrete placement. Under no 

circumstances should water be allowed to adversely affect the quality of the bearing surface. If 

the spread footing is buried, backfill above the foundation may be the excavated on-site soils or 

select fill soils. Backfill soils should be compacted to at least 95 percent of the maximum dry 

density as determined by the standard moisture/density relationship test (ASTM D 698).  Moisture 

contents for on-site soils and imported select fill soils should be within 2 percentage points of the 

optimum moisture content. The backfill should be placed in thin, loose lifts of about 8 inches, with 

compacted thickness not to exceed 6 inches. 

 

If unsuitable bearing soils are encountered at the base of the planned footing excavation, the 

excavation should be extended deeper to suitable soils, and the footings could bear directly on 

these soils at the lower level or on lean concrete backfill placed in the excavations. This is 

illustrated on the sketch below. 
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Over-excavation for structural fill placement below footings should be conducted as shown below. 

The over-excavation should be backfilled up to the footing base elevation, with select fill placed, 

as recommended in the Earthwork section. 

 

Design Recommendations – Mat Foundation 

A mat foundation may be utilized for some of the structures at the site. The Potential Vertical Rise 

(PVR) of the soils encountered at the site is about 1 to 2 inches in present condition. Based on 

the stiffness of a mat foundation, we anticipate that a PVR of about 1 inch, the typical design 

movement for these types of structures, can be tolerated. 

 

The mat can be designed as a uniform thick concrete member extending above final grade or can 

be designed as a less thick member with the main mat portion buried and skids extending above 

final grade to support the structure.  

 

The mat should be analyzed using a soil-structure interaction program to identify areas of high 

contact stresses, excessive movements and large moments. The subgrade and select fill soils 

should be prepared as outlined in the Earthwork section of this report, which contains material 

and placement requirements for select fill, as well as other subgrade preparation 

recommendations. 

 

Item  Description 

Select Fill Pad As needed (Min. 2 feet) 

Minimum Mat Embedment Depth 1 8 inches below final grade 

Maximum Contact Pressures 2,500 psf  

Modulus of Subgrade Reaction 75 pounds per cubic inch (pci) 

Soil Unit Weight 2 100 pounds per cubic foot (pcf) 

Estimated PVR 3 About 1 inch  



Geotechnical Engineering Report 

Airport Distribution Substation ■ Brownsville, Texas 

May 18, 2020 ■ Terracon Project No. 88205026 

 

 

Responsive ■ Resourceful ■ Reliable  15 

Item  Description 

Approximate total settlement 4 About 1 inch 

Estimated differential settlement 4 Approximately ½ of total settlement 

1. To bear within the select fill. 

2. A buried mat would provide more resistance to uplift than the uniform thick mat since the weight of the soil 
overlying the mat would also be included in the uplift resistance computations. In addition to the weight of 
foundation and structure, any soil directly overlying the foundation may also be considered. The soil unit 
weight provided above may be assumed for the on-site soils placed above the footing, provided the fill is 
properly compacted. 

3. The buried mat foundation system should be designed to tolerate the anticipated soil movement and provide 
satisfactory support to the proposed structures.  

4. This estimated post-construction settlement is assuming proper construction practices are followed. 

 

Construction Considerations for Mat Foundations 

Excavations for a mat foundation should be performed with equipment capable of providing a 

relatively clean bearing area. The bottom 6 inches of the excavations should be completed with 

a smooth-mouthed bucket or by hand labor.  

 

The excavations should be neatly excavated and properly formed. If neat excavation is not 

possible then the foundation should be over-excavated and formed. All loose materials should be 

removed from the over-excavated areas and filled with lean concrete, compacted cement 

stabilized sand (two sacks cement to one cubic yard of sand) or flowable fill (ACI-229R).  

 

Steel should be placed and the foundation poured the same day of excavation. If not, a seal slab 

consisting of lean concrete should be poured on the same day the contractor achieves the final 

bearing level in order to protect the exposed foundation soils. The bearing surface should be 

excavated with a slight slope to create an internal sump for runoff water collection and removal. 

If surface runoff water in excess of 2 inches accumulates at the bottom of the excavation, it should 

be pumped out prior to concrete placement. Under no circumstances should water be allowed to 

adversely affect the quality of the bearing surface.  

 

The bearing surface of the foundation should be evaluated after excavation is completed and 

immediately prior to placing concrete. 

 

Design Parameters - Drilled Pier Foundation  

Axial compressive loads for the structures may be supported on straight-sided (non-under-

reamed) piers. Due to the presence of subsurface water at relatively shallow depth, under-reamed 

drilled piers should not be considered for this site.  
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For the purposes of evaluating the subsoils for use in foundation analyses, we have developed 

soil parameters for axial capacity analysis for foundation design which are provided in 

Exploration Results. 

Straight-sided drilled pier foundations may be designed using the following equations to evaluate 

the pier foundation sizes for both compressive and tensile (uplift) axial loading: 

 

Ultimate skin friction capacity 1,5 Qs = d (fs)(h) 

Ultimate end bearing capacity 1,5 Qb = 0.25d2(qeb) 

Ultimate pier capacity in compression 5 Qc = Qs + Qb
 

Ultimate pier capacity in tension (uplift) 1,5 Qt  = d (fs)(h)(R)+W 

Ultimate skin friction 2,4 fs = cu
 

Ultimate skin friction 3,4 fs = 'Ktan 

Ultimate end bearing pressure 2,4 qeb = cuNc 

Ultimate end bearing pressure 3,4 qeb = 'Nq 

Estimated uplift pressure (kips) 10 Up = 5 • d  

Ultimate uplift resistance (kips) 1,6 Qr = 2.0 • d(ft.) • h(ft.) + W(kips) + PDL(kips) 

Minimum percentage of steel 7 As required by structural engineer 

Maximum embedment depth 45 feet below existing grade 

Approximate total settlement 8 About 1 inch 

Estimated differential settlement 9 Approximately ½ of total settlement 

1. Definitions: d = pier diameter; h = pier segment length; R = uplift reduction factor (equal to 0.7 for sands, 0.9 for 
clays); W = effective weight of the pier foundation; PDL = dead load acting on the drilled pier 

2. Ultimate value for cohesive soils only. 

3. Ultimate value for cohesionless soils only. 

4. Soil parameters provided in Exploration Results:  = skin friction adhesion factor (strength reduction factor). 

(equal to zero with the top 5 feet and one shaft diameter of the base of the pier); cu
 = undrained shear strength 

of the soil; Nc = end bearing capacity factor for clay soil; ' = effective overburden pressure; K = horizontal 

stress coefficient;  = soil to pier friction angle (equal to soil angle of internal friction () for concrete piers); Nq 

= end bearing capacity factor for granular soils 

5. A factor of safety of 3 should be applied to ultimate end bearing, 2 to side shear (skin friction), and 2 to uplift 
(tension). 

6. A factor of safety of at least 2 should be applied to the computed ultimate uplift force. 

7. The piers should contain sufficient vertical reinforcing steel throughout the entire shaft length to resist uplift 
(tensile) forces due to post-construction heave of the clay soils. The amount of reinforcing steel required can be 
computed by assuming that the dead load of the structure surcharges the pier and that the above estimated 
tensile force acts vertically on the shaft. 

8. Provided proper construction practices are followed. A clear distance between the piers of three times the pier 
diameter should be provided to develop the recommended bearing pressures and to control settlements. If this 
clearance cannot be maintained in every case,  

Terracon should be contacted so that we may determine the reduced capacities. Settlements provided for single, 
isolated piers/piles only. 

9. Will result from variances in subsurface conditions, loading conditions and construction procedures, such a 
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cleanliness of the bearing area or flowing water in the shaft. Settlements provided for for single, isolated piers 
only. 

10. Up = uplift load, kips; d = shaft diameter, feet. 

 

Drilled Pier Lateral Loading 

Lateral Loading: The proposed structure(s) supported on drilled piers may be subject to lateral 

loading, the criteria for lateral load analysis is presented in Exploration Results are for use with 

the computer programs LPILE and FAD Tools. Several methods, including hand solutions and 

computer programs, are available for calculating the lateral behavior of piles and drilled piers.  

Most of these methods rely on “key” soil parameters such as soil elastic properties (E and ks), 

strain at 50 percent of the principal stress difference (50), undrained shear strength (c), and load-

deflection (p-y) criteria. The p-y criteria, which are commonly used to model soil reaction, were 

developed from instrumented load tests and are generally considered to provide the best model 

of soil behavior under short-term lateral loading. 

 

The foundations will need to be designed to resist high loads due to the structure height and the 

imposed forces from wind loading. Generally, four (4) load cases are applied to this type of 

structures; axial compressive loading, axial uplift (tensile) loading, lateral loading, and rotational. 

The foundations experience high lateral and rotational loading, which nearly always controls the 

foundation design. Axial loading of the foundation is relatively low and seldom controls the 

foundation design. However, the foundation should always be analyzed for the four (4) load cases 

to establish the controlling load case.  

 

Factors of safety are not generally applied to the lateral load analysis.  A performance criterion, 

or “limit state”, are usually considered.  For most foundations subjected to lateral loads, the pier 

foundation is designed with a limit of 1 inch of deflection at the top of the pier and 1 degree of 

rotation as measured from the vertical axis of the pier.  The analysis is generally conducted using 

the working loads and the limit state values. The applied loads are then doubled to evaluate the 

deflection and rotation at the top of the pier to determine if the foundation will topple over under 

extreme overload.  This overload condition may indicate that the foundation would deflect or rotate 

such that the structure(s) will tilt, but the foundation will not experience failure. Structural limits, 

such as moment capacity and shear, may control the design and should be evaluated by the 

Structural Engineer. 

 

Construction Considerations for Drilled Pier Foundation 

Drilled excavations to a maximum depth of 45 feet below existing grade (grade at the time of our 

field activities) may be performed for installation of the drilled piers for the proposed structures at 

this site.  
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Groundwater was observed in the borings between 7 and 34 feet bgs during drilling operations 

and after drilling activities.  Depending on weather conditions, groundwater levels may vary  from  

the  levels  observed  during  our  field  program.  Water must not be allowed to accumulate in the 

bottom of the pier excavations. 

 

As previously discussed, subsurface water and sand soils were observed within the explored 

depths in the borings. Sloughing is likely to occur below the subsurface water table during 

construction. Therefore, the contractor should be prepared to  remove  water  from  the  drilled  

piers  if necessary. We recommend that slurry or casing drilling techniques be used to control 

sloughing of the subsurface soils during pier construction. Casing should only be used in drilled 

piers terminating in the Clay soils. Slurry drilling techniques are appropriate for piers terminating 

in all soil types encountered in the borings. 

 

Slurry Method- Water or a weighted drilling fluid may be considered to install the pier 

foundations. Slurry displacement drilling can only prevent sloughing and water influx 

but cannot control sloughing once it has occurred.  Therefore, slurry displacement 

drilling techniques must begin at the ground surface, not after sloughing materials 

are encountered. 

 
Typical drilling fluids include those which contain polymers or bentonite.  If a polymer 

is used with “hard” mixing water, a water softening agent may be required to achieve 

intimate mixing and the appropriate viscosity.  The polymer manufacturer should be 

consulted concerning proper use of the polymer.  If bentonite slurry is used, the 

bentonite should be mixed with water several hours before placing in the pier 

excavation. Prior mixing gives the bentonite sufficient time to hydrate properly.  The 

drilling fluid should only be of sufficient viscosity to control sloughing of the 

excavation walls and subsurface water flow into the excavation.   

Care should be exercised while extracting the auger so that suction does not develop 

and cause disturbance or create “necking” in the excavation walls as described 

above.  Casing should not be employed in conjunction with the slurry drilling 

technique due to possible trapping of loose soils and slurry between the concrete 

and natural soil. 

 

The use of weighted drilling fluid when installing drilled pier foundations requires 

extra effort to ensure an adequate bearing surface is obtained.  A clean-out bucket 

should be used just prior to pier completion in order to remove any cuttings and loose 

soils which may have accumulated in the bottom of the excavation.  Reinforcing steel 

and concrete should be placed in the excavation immediately after pier completion.  

A closed-end tremie should be used to place the concrete completely to the bottom 

of the excavation in a controlled manner to effectively displace the slurry during 

concrete placement.   
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When the pier excavation depth is achieved, and the bearing area has been cleaned, 

steel and concrete should then be placed immediately in the excavation. The 

concrete should be placed completely to the bottom of the excavation with a closed-

end tremie in the pier excavation if more than 3 inches of water is ponded on the 

bearing surface or the slurry drilling technique is used.  A short tremie may be used 

if the excavation has less than 3 inches of ponded water or if the water is pumped 

out prior to concrete placement.  The fluid concrete should not be allowed to strike 

the pier reinforcement, temporary casing (if required) or excavation sidewalls during 

concrete placement.   

 

Casing Method - Casing will provide stability of the excavation walls and will reduce 

water influx; however, casing may not completely eliminate subsurface water influx 

potential.  In order for the casing to be effective, a “water tight” seal must be 

achieved between the casing and surrounding soils. The drilling subcontractor 

should determine casing depths and casing procedures. Water that accumulates in 

excess of 3 inches in the bottom of the pier excavation should be pumped out prior 

to reinforcing steel and concrete placement.  If the water is not pumped out, a 

closed-end tremie should be used to place the concrete completely to the bottom 

of the pier excavation in a controlled manner to effectively displace the water during 

concrete placement.  If water is not a factor, concrete should be placed with a short 

tremie so the concrete is directed to the bottom of the pier excavation.  The concrete 

should not be allowed to ricochet off the walls of the pier excavation nor off the 

reinforcing steel.  If this operation is not successful or to the satisfaction of the 

foundation contractor, the pier excavation should be flooded with fresh water to 

offset the differential water pressure caused by the unbalanced water levels inside 

and outside of the casing.  The concrete should be tremied completely to the bottom 

of the excavation with a closed-end tremie. 

 

Removal of casing should be performed with extreme care and under proper 

supervision to reduce mixing of the surrounding soil and water with the fresh 

concrete.  Rapid withdrawal of casing or the auger may develop suction that could 

cause the soil to intrude into the excavation. An insufficient head of concrete in the 

casing during its withdrawal could also allow the soils to intrude into the wet 

concrete.  Both of these conditions may induce “necking”, a section of reduced 

diameter, in the pier.   
 

All aspects of concrete design and placement should comply with the American Concrete Institute 

(ACI) 318-08 Code Building Code Requirements for Structural Concrete; ACI 336.1-01 entitled 

Reference Specification for the Construction of Drilled Piers, and ACI 336.3R-93 (Reapproved 

2006) entitled Design and Construction of Drilled Piers. Concrete should be designed to achieve 

the specified 28-day strength when placed at a 7-inch slump with a 1 inch tolerance.  Adding 
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water to a mix that has been designed for a lower slump does not meet the intent of this 

recommendation.  If a high range water reducer is used to achieve this slump, the span of slump 

retention for the specific admixture under consideration should be thoroughly investigated. 

Compatibility with other concrete admixtures should also be considered. A technical 

representative of the admixture supplier should be consulted on these matters. 

 

Concrete aggregates in the area could have a history of problems associated with Alkali Silica 

Reactivity (ASR).  If aggregates are known to have a history of ASR, then one of the following 

should be incorporated in the concrete used for the foundations:  
 

Option 1: Replace 20 to 35% of the cement with Class C or Class F fly ash.  However, 

if sulfate resistant concrete is required, do not use a Class C fly ash and do 

not use Type I Portland cement. 
 

Option 2: Use a lithium nitrate admixture at a minimum dosage of 0.55 gallons of 30% 

lithium nitrate solution per pound of alkalies present in the portland cement. 

Coordinate with admixture supplier. 
 

Option 3: When using portland cement only, ensure that the total alkali contribution 

from the cement in the concrete does not exceed 4.00 lb. per cubic yard of 

concrete when calculated as follows: 
 

Pounds of alkali per cu yd. = (pounds of cement per cu yd) x (%Na2O 

equivalent in cement)/100. 
 

In the above calculation, use the maximum cement alkali content reported 

on the cement mill certificate.   
 

Option 4: Test both coarse and fine aggregate separately, in accordance with ASTM 

C 1260, using 440g of the proposed cementitious material in the same 

proportions of portland cement to supplementary cementing material to be 

used in the mix. Before use of the mix, provide the certified test report, 

signed and sealed by a licensed professional engineer, demonstrating that 

the ASTM C 1260 test result for each aggregate does not exceed 0.10% 

expansion. 
 

Successful installation of drilled piers is a coordinated effort involving the general contractor, 

design consultants, subcontractors and suppliers. Each must be properly equipped and prepared 

to provide their services in a timely fashion.  Several key items of major concern are: 

 

■ Proper drilling rig with proper equipment (including casing and augers); 

■ Reinforcing steel cages tied to meet project specifications; 

■ Proper scheduling and ordering of concrete for the piers; and 
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■ Monitoring of installation by design professionals. 

 

Pier construction should be carefully monitored to assure compliance of construction activities 

with the appropriate specifications. Particular attention to the referenced publication is warranted 

for pier installation.  A number of items of concern for pier installation include those listed below. 

 

■ Pier locations 

■ Vertical alignment 

■ Competent bearing 

■ Reinforcement steel placement 

■ Concrete properties and placement 

■ Proper casing seal for groundwater control 

■ Slurry viscosity 

■ Casing removal 

 

If the contractor has to deviate from the recommended foundations, Terracon should be notified 

immediately so additional engineering recommendations can be provided for an appropriate 

foundation type. 

SEISMIC CONSIDERATIONS 

The seismic design requirements for buildings and other structures are based on Seismic Design 

Category. Site Classification is required to determine the Seismic Design Category for a structure. 

The Site Classification is based on the upper 100 feet of the site profile defined by a weighted 

average value of either shear wave velocity, standard penetration resistance, or undrained shear 

strength in accordance with Section 20.4 of ASCE 7 and the International Building Code (IBC). 

Based on the soil properties encountered at the site and as described on the exploration logs and 

results, it is our professional opinion that the Seismic Site Classification is D. Subsurface 

explorations at this site were extended to a maximum depth of 50 feet. The site properties below 

the boring depth to 100 feet were estimated based on our experience and knowledge of geologic 

conditions of the general area. Additional deeper borings or geophysical testing may be performed 

to confirm the conditions below the current boring depth. 

FLOOR SLABS 

Floor Slab Design Parameters 

The subsurface soils at this site generally exhibit moderate to high expansion potential. Based on 

the information developed from our field and laboratory programs and on method TEX-124-E in 

the Texas Department of Transportation (TxDOT) Manual of Testing Procedures, we estimate 
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that the subgrade soils at this site exhibit a Potential Vertical Rise (PVR) of about 1 to 2 inches in 

present condition.  

 

The actual movements could be greater if poor drainage, ponded water, and/or other sources of 

moisture are allowed to infiltrate beneath the structure after construction. We have provided 

recommendations to reduce the site PVR to about 1 inch. In addition, positive structure perimeter 

drainage should be carefully observed.  

 

After site stripping and over-excavation activities as recommended, re-used on-site soil (that meet 

select fill criteria) or select fill over 8 inches of moisture conditioned and compacted subgrade 

soils should be constructed directly below the floor slab and should also extend a minimum of 3 

feet beyond the edge of the proposed building area, including any movement sensitive flatwork 

that abuts the structure such as sidewalks. The final exterior grade adjacent to the building should 

be sloped to promote positive drainage away from the structure.   

 

The subgrade and select fill soils should be prepared as outlined in the Earthwork section of this 

report, which contains material and placement requirements for select fill, as well as other 

subgrade preparation recommendations. The floor slab should be designed using the following 

recommendations. 

 

Item Description 

Excavation Minimum 6 inches. 

Floor Slab Support 
1
 

Min. 8 inches of moisture conditioned and compacted native soils plus 2 feet 

of select fill (plus additional if needed to achieve Finished Pad Elevation).  

Estimated Modulus of 

Subgrade Reaction 
2
 

100 pounds per square inch per inch (psi/in) for point loads. 

Estimated Potential 

Vertical Rise (PVR) 
About 1 inch 

1. Floor slabs should be structurally independent of building footings or walls to reduce the possibility of floor 

slab cracking caused by differential movements between the slab and foundation. This recommendation 

applies to building area and movement-sensitive flatwork that abuts the structure. 

2. Modulus of subgrade reaction is an estimated value based upon our experience with the subgrade 

condition, the requirements noted in Earthwork, and the floor slab support as noted in this table. It is 

provided for point loads. For large area loads the modulus of subgrade reaction would be lower.  

 

Floor Slab Construction Considerations 

Finished subgrade within and for at least 10 feet beyond the floor slab should be protected from 

traffic, rutting, or other disturbance and maintained in a relatively moist condition until floor slabs are 

constructed. If the subgrade should become damaged or desiccated prior to construction of floor 

slabs, the affected material should be removed and structural fill should be added to replace the 
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resulting excavation. Final conditioning of the finished subgrade should be performed immediately 

prior to placement of the floor slab support course.  

 

The Geotechnical Engineer should approve the condition of the floor slab subgrades immediately 

prior to placement of the floor slab support course, reinforcing steel and concrete. Attention should 

be paid to high traffic areas that were rutted and disturbed earlier, and to areas where backfilled 

trenches are located.    

GENERAL COMMENTS 

Our analysis and opinions are based upon our understanding of the project, the geotechnical 

conditions in the area, and the data obtained from our site exploration. Natural variations will occur 

between exploration point locations or due to the modifying effects of construction or weather. 

The nature and extent of such variations may not become evident until during or after construction. 

Terracon should be retained as the Geotechnical Engineer, where noted in this report, to provide 

observation and testing services during pertinent construction phases. If variations appear, we 

can provide further evaluation and supplemental recommendations. If variations are noted in the 

absence of our observation and testing services on-site, we should be immediately notified so 

that we can provide evaluation and supplemental recommendations.  

 

Our Scope of Services does not include either specifically or by implication any environmental or 

biological (e.g., mold, fungi, bacteria) assessment of the site or identification or prevention of 

pollutants, hazardous materials or conditions. If the owner is concerned about the potential for 

such contamination or pollution, other studies should be undertaken. 

 

Our services and any correspondence or collaboration through this system are intended for the 

sole benefit and exclusive use of our client for specific application to the project discussed and 

are accomplished in accordance with generally accepted geotechnical engineering practices with 

no third-party beneficiaries intended. Any third-party access to services or correspondence is 

solely for information purposes to support the services provided by Terracon to our client. 

Reliance upon the services and any work product is limited to our client, and is not intended for 

third parties. Any use or reliance of the provided information by third parties is done solely at their 

own risk. No warranties, either express or implied, are intended or made. 

  

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any 

use of our report in that regard is done at the sole risk of the excavating cost estimator as there 

may be variations on the site that are not apparent in the data that could significantly impact 

excavation cost. Any parties charged with estimating excavation costs should seek their own site 

characterization for specific purposes to obtain the specific level of detail necessary for costing. 

Site safety, and cost estimating including, excavation support, and dewatering 

requirements/design are the responsibility of others. If changes in the nature, design, or location 
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of the project are planned, our conclusions and recommendations shall not be considered valid 

unless we review the changes and either verify or modify our conclusions in writing. 
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ATTACHMENTS 
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EXPLORATION AND TESTING PROCEDURES 

Field Exploration 

Number of Borings Boring Depth (feet) 1 Location 

3  50 Proposed Structures 

1. Below ground surface 

 

Boring Layout and Elevations: Terracon personnel provided the boring layout. Coordinates 

were obtained with a handheld GPS unit (estimated horizontal accuracy of about ±10 feet).  

 

Subsurface Exploration Procedures: We advanced the soil borings with a truck-mounted drill 

rig using continuous flight augers (solid stem and/or hollow stem as necessary depending on soil 

conditions). Five samples were obtained in the upper 10 feet of the borings and at intervals of 5 

feet thereafter. Soil sampling was performed using thin-wall tube and/or split-barrel sampling 

procedures. We observed and recorded groundwater levels during drilling and sampling. For 

safety purposes, the borings were backfilled with cement-bentonite grout after their completion.  

 

The sampling depths, penetration distances, and other sampling information were recorded on the 

field boring logs. The samples were placed in appropriate containers and taken to our soil laboratory 

for testing and classification by a geotechnical engineer. Our exploration team prepared field boring 

logs as part of the drilling operations. The field logs included visual classifications of the materials 

encountered during drilling and our interpretation of the subsurface conditions between samples. 

Final boring logs were prepared from the field log. The final boring logs represent the geotechnical 

engineer's interpretation of the field logs and include modifications based on observations and 

tests of the samples in our laboratory.  

 

Laboratory Testing 

The project engineer reviewed the field data and assigned various laboratory tests to better 

understand the engineering properties of the various soil strata as necessary for this project.  

 

■ ASTM D2216 Standard Test Methods for Laboratory Determination of Water (Moisture) 

Content of Soil and Rock by Mass 

■ ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of 

Soils 

■ ASTM D422 Standard Test Method for Particle-Size Analysis of Soils 

■ ASTM D2166/D2166M Standard Test Method for Unconfined Compressive Strength of 

Cohesive Soil 
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■ ASTM D4546 Standard Test Methods for One-Dimensional Swell or Collapse of Soils 

■ ASTM D512 Standard Test Methods for Chloride Ion in Water 

■ ASTM C1580 Standard Test Method for Water-Soluble Sulfate in Soil 

■ ASTM G 51 Standard Test Method for pH of Soils  

 

The laboratory testing program often included examination of soil samples by an engineer. Based 

on the material’s texture and plasticity, we described and classified the soil samples in accordance 

with the Unified Soil Classification System (USCS). 
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- with Silty Sand (SM) seams at 48 feet

Boring Terminated at 50 Feet
50.0

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Advancement Method:
Hollow-stem augered to termination depth.

Abandonment Method:
Boring backfilled with cement-bentonite grout upon
completion.

Notes:

Project No.: 88205026

Drill Rig: CME-75

BORING LOG NO. B-1
Brownsville Public Utilities BoardCLIENT:
Brownsville, TX

Driller: EnviroCore

Boring Completed: 04-16-2020

PROJECT:  Airport Distribution Substation

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Billy Mitchel Blvd and S. Central Avenue
                    Brownsville, TX
SITE:

Boring Started: 04-16-2020

1506 Mid Cities Dr
Pharr, TX

While drilling

After 15 minutes

At completion of drilling
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Lean Clay (CL) seams to 2 feet

SILTY SAND (SM), brown, medium dense to dense

- with Poorly Graded Sand with Silt (SP-SM) seams at
33½ feet

FAT CLAY (CH), reddish brown, very stiff to hard

Boring Terminated at 50 Feet

20.0

35.0

50.0

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Advancement Method:
Hollow-stem augered to termination depth.

Abandonment Method:
Boring backfilled with cement-bentonite grout upon
completion.

Notes:

Project No.: 88205026

Drill Rig: CME-75

BORING LOG NO. B-2
Brownsville Public Utilities BoardCLIENT:
Brownsville, TX

Driller: EnviroCore

Boring Completed: 04-16-2020

PROJECT:  Airport Distribution Substation

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Billy Mitchel Blvd and S. Central Avenue
                    Brownsville, TX
SITE:

Boring Started: 04-16-2020

1506 Mid Cities Dr
Pharr, TX

While drilling

After 15 minutes

At completion of drilling
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SILTY SAND (SM), brown, loose to very dense

FAT CLAY (CH), reddish brown, stiff

with Lean Clay (CL) seams at 48½ feet

Boring Terminated at 50 Feet

18.0

35.0
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Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Advancement Method:
Hollow-stem augered to termination depth.

Abandonment Method:
Boring backfilled with cement-bentonite grout upon
completion.

Notes:

Project No.: 88205026

Drill Rig: CME-75

BORING LOG NO. B-3
Brownsville Public Utilities BoardCLIENT:
Brownsville, TX

Driller: EnviroCore

Boring Completed: 04-16-2020

PROJECT:  Airport Distribution Substation

See Exploration and Testing Procedures for a
description of field and laboratory procedures
used and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Billy Mitchel Blvd and S. Central Avenue
                    Brownsville, TX
SITE:

Boring Started: 04-16-2020

1506 Mid Cities Dr
Pharr, TX

While drilling

After 15 minutes

At completion of drilling
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Airport Distribution Substation    Brownsville, TX
Terracon Project No. 88205026

Layering shown on this figure has been developed by the geotechnical
engineer for purposes of modeling the subsurface conditions as
required for the subsequent geotechnical engineering for this project.
Numbers adjacent to soil column indicate depth below ground surface.

NOTES:

B-1 B-2 B-3

GEOMODEL

This is not a cross section. This is intended to display the Geotechnical Model only. See individual logs for more detailed conditions.

     Second Water Observation

     Third Water Observation

     First Water Observation

Groundwater levels are temporal. The levels shown are representative of the date
and time of our exploration. Significant changes are possible over time.
Water levels shown are as measured during and/or after drilling. In some cases,
boring advancement methods mask the presence/absence of groundwater. See
individual logs for details.

LEGEND
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Model Layer General DescriptionLayer Name

Fat Clay (CH)
Soft to hard1
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COOL SOLUTIONS FOR UNDERGROUND POWER CABLES 

THERMAL SURVEYS, CORRECTIVE BACKFILLS & INSTRUMENTATION 

 

Serving the electric power industry since 1978 

 

21239 FM529 Rd., Bldg. F 
Cypress, TX 77433 

Tel:     281-985-9344 

Fax:   832-427-1752 

info@geothermusa.com 

http://www.geothermusa.com 

 

 

May 5, 2020 

 

 
Terracon Consultants 
1506 Mid Cities Drive 
Pharr, Texas 78577 
Attn: Stephany Chacon, E.I.T. 

 

 

Re: Thermal Analysis of Native Soil Sample 

Airport Distribution Substation – Brownsville, TX (Project No. 88205026) 
 

The following is the report of thermal dryout characterization tests conducted on one (1) 

sample of native soil from the referenced project sent to our laboratory. 

  

Thermal Resistivity Tests:  The sample was compacted at its ‘optimum’ moisture 

content and at 95% of the maximum dry density provided by Terracon.  The tests were 

conducted in accordance with the IEEE standard 442-2017.  The results are tabulated 

below and the thermal dry out curve is presented in Figure 1. 

 

Sample ID, Description, Thermal Resistivity, Moisture Content and Density 

 

Sample ID 
@ 0’ – 5’ 

Description 
(Terracon) 

Thermal Resistivity 
(°C-cm/W) 

Moisture 
Content 

 (%) 

Dry 
Density 
(lb/ft3) 

Wet Dry 

B-2 Lean Clay (CL) w/ Sand 106 202 17 97 

 

Comments:  The thermal characteristic depicted in the dry out curve applies for the soil 

at its respective test dry density. 

 

Please contact us if you have any questions or if we can be of further assistance. 

 
Geotherm USA 
 
 
Nimesh Patel

 

mailto:info@geothermusa.com
http://www.geothermusa.com/
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 Manufacturer:

TRAVERSE 1 (NORTHEAST-SOUTHWEST) Location: 25.906148, -97.477100

Test No.
Meter               

Reading
Scale

Resistance 

Apparent

Earth                      

Resistivity                     

OHM-CM

1 1.28 1 1.28 613

2 0.22 1 0.22 211

3 0.08 1 0.08 153

4 0.03 1 0.03 115

5 0.01 1 0.01 77

* Significant readings beyond "a" spacing of 40 feet were not obtained.

TRAVERSE 2 (NORTHWEST-SOUTHEAST) Location: 25.906756, -97.447289

Test No.
Meter               

Reading

Scale                      

Ω

Resistance 

Apparent

Earth                      

Resistivity                     

OHM-CM

1 4.47 1 4.47 2,140

2 0.73 1 0.73 699

3 0.12 1 0.12 230

4 0.04 1 0.04 153

5 0.01 1 0.01 77

* Significant readings beyond "a" spacing of 40 feet were not obtained.

A                

Spacing                 

(feet)

ELECTRICAL EARTH RESISTIVITY TESTING

 Project Name:

 Project No.:

 Date:

 Personnel:

Airport Distribution Substation

88205026

4/16/2020

David Portillo

 Model No.:

 Calibration Date:

7,660

Multiplier

479

958

1,915

3,830

AEMC

4620

3/9/2020 - 3/9/2021

A                

Spacing                 

(feet)

2.5

2.5

5

10

20

40

Multiplier

479

958

1,915

3,830

7,66040

5

10

20



Depth to Effective Undrained Horizontal

Bottom of Unit Shear Adhesion Friction Stress

Soil Soil Layer Weight Strength Factor Angle Coefficient Nc
4

Nq Ng

Layer (feet) (pcf) (psf) (-) (degrees) (-) (-) (-) (-)

1 10 115 1,000 0.72 0 ---- 6 1 0

2 20 56 1,500 0.58 0 ---- 6 1 0

3 50 60 2,500 0.44 0 ---- 9 1 0

NOTES:

1.  Design depth to subsurface water is about 10 feet.

2.  For uplift conditions, the computed skin friction should be multiplied by 0.7 for sands and 0.9 for clay.

3.  The unit allowable end bearing should not exceed 100 kips per square foot.

4.  The Nc value of 9 for non-granular soils is for D/B ratios greater than 4.  Otherwise, use Nc = 6.

Bearing Capacity Factors

B-1

AXIAL CAPACITY ANALYSES

DESIGN SOIL PARAMETERS FOR

UNDRAINED CONDITIONS

Airport Distribution Substation

Brownsville, Texas

Project No. 88205026 Terracon Consultants, Inc.



Depth to Effective Undrained Horizontal

Bottom of Unit Shear Adhesion Friction Stress

Soil Soil Layer Weight Strength Factor Angle Coefficient Nc
4

Nq Ng

Layer (feet) (pcf) (psf) (-) (degrees) (-) (-) (-) (-)

1 4 115 1,000 ---- 0 ---- 6 1 0

2 10 107 500 1.00 0 ---- 6 1 0

3 20 56 1,500 0.58 0 ---- 6 1 0

4 28 60 0 ---- 33 0.75 39 26 35

5 35 66 0 ---- 35 0.75 46 33 48

6 50 63 3,000 0.40 0 ---- 9 1 0

NOTES:

1.  Design depth to subsurface water is about 10 feet.

2.  For uplift conditions, the computed skin friction should be multiplied by 0.7 for sands and 0.9 for clay.

3.  The unit allowable end bearing should not exceed 100 kips per square foot.

4.  The Nc value of 9 for non-granular soils is for D/B ratios greater than 4.  Otherwise, use Nc = 6.

B-2

AXIAL CAPACITY ANALYSES

DESIGN SOIL PARAMETERS FOR
UNDRAINED CONDITIONS

Airport Distribution Substation

Brownsville, Texas

Bearing Capacity Factors

Project No. 88205026 Terracon Consultants, Inc.



Depth to Effective Undrained Horizontal

Bottom of Unit Shear Adhesion Friction Stress

Soil Soil Layer Weight Strength Factor Angle Coefficient Nc
4

Nq Ng

Layer (feet) (pcf) (psf) (-) (degrees) (-) (-) (-) (-)

1 4 115 1,000 ---- 0 ---- 6 1 0

2 8 107 400 1.00 0 ---- 6 1 0

3 18 43 250 1.00 0 ---- 6 1 0

4 25 56 0 ---- 31 0.75 33 21 26

5 35 60 0 ---- 33 0.75 39 26 35

6 50 56 1,500 0.58 0 ---- 9 1 0

NOTES:

1.  Design depth to subsurface water is about 8 feet.

2.  For uplift conditions, the computed skin friction should be multiplied by 0.7 for sands and 0.9 for clay.

3.  The unit allowable end bearing should not exceed 100 kips per square foot.

4.  The Nc value of 9 for non-granular soils is for D/B ratios greater than 4.  Otherwise, use Nc = 6.

B-3

AXIAL CAPACITY ANALYSES

Brownsville, Texas

Bearing Capacity Factors

DESIGN SOIL PARAMETERS FOR

UNDRAINED CONDITIONS

Airport Distribution Substation

Project No. 88205026 Terracon Consultants, Inc.



LPILE LPILE
Soil Effective Undrained Internal Soil Strength

Modulus Unit Shear Friction Strain Reduction Deformation

Soil Top Bottom k Weight Strength Angle Factor Factor Modulus

Layer (feet) (feet) (pci) (pcf) (psf) (degrees) e50 (--) (ksi)

1 Stiff Clay without Free Water 0 10 428 115 1,000 0 0.010 0.72 0.60

2 Stiff Clay without Free Water 10 20 525 56 1,500 0 0.008 0.58 0.90

3 Stiff Clay without Free Water 20 50 718 60 2,500 0 0.006 0.44 1.50

NOTES:

1.  Design depth to subsurface water is about 10 feet.

2.  MFAD deformation moduli values based on MFAD 5.1 User Guide, October 2010

Airport Distribution Substation

UNDRAINED CONDITIONS

B-1

LATERAL CAPACITY ANALYSES

DESIGN SOIL PARAMETERS FOR

MFAD

Brownsville, Texas

LPILE

Soil Type

Depth to Soil Layer

Project No. 88205026 Terracon Consultants, Inc.



LPILE LPILE
Soil Effective Undrained Internal Soil Strength

Modulus Unit Shear Friction Strain Reduction Deformation

Soil Top Bottom k Weight Strength Angle Factor Factor Modulus

Layer (feet) (feet) (pci) (pcf) (psf) (degrees) e50 (--) (ksi)

1 Stiff Clay without Free Water 0 4 428 115 1,000 0 0.010 ---- 0.60

2 Stiff Clay without Free Water 4 10 332 107 500 0 0.015 1.00 0.30

3 Stiff Clay without Free Water 10 20 525 56 1,500 0 0.008 0.58 0.90

4 Sand 20 28 91 60 0 33 ---- ---- 1.80

5 Sand 28 35 111 66 0 35 ---- ---- 4.90

6 Stiff Clay without Free Water 35 50 815 63 3,000 0 0.006 0.40 1.80

NOTES:

1.  Design depth to subsurface water is about 10 feet.

2.  MFAD deformation moduli values based on MFAD 5.1 User Guide, October 2010

DESIGN SOIL PARAMETERS FOR

Airport Distribution Substation

Brownsville, Texas

Soil Type

UNDRAINED CONDITIONS

B-2

LATERAL CAPACITY ANALYSES
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LPILE
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LPILE LPILE
Soil Effective Undrained Internal Soil Strength

Modulus Unit Shear Friction Strain Reduction Deformation

Soil Top Bottom k Weight Strength Angle Factor Factor Modulus

Layer (feet) (feet) (pci) (pcf) (psf) (degrees) e50 (--) (ksi)

1 Stiff Clay without Free Water 0 4 428 115 1,000 0 0.010 ---- 0.60

2 Stiff Clay without Free Water 4 8 312 107 400 0 0.017 1.00 0.25

3 Stiff Clay without Free Water 8 18 283 43 250 0 0.023 1.00 0.15

4 Sand 18 25 71 56 0 31 ---- ---- 0.85

5 Sand 25 35 91 60 0 33 ---- ---- 1.00

6 Stiff Clay without Free Water 35 50 525 56 1,500 0 0.008 0.58 0.90

NOTES:

1.  Design depth to subsurface water is about 8 feet.

2.  MFAD deformation moduli values based on MFAD 5.1 User Guide, October 2010

Brownsville, Texas

Airport Distribution Substation

LPILE

B-3

LATERAL CAPACITY ANALYSES

DESIGN SOIL PARAMETERS FOR
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UNIFIED  SOIL C LASSIFIC AT ION  SYSTEM  

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A 
Soil Classification 

Group 
Symbol 

Group Name B 

Coarse-Grained Soils: 
More than 50% retained 
on No. 200 sieve 

Gravels: 
More than 50% of 
coarse fraction 
retained on No. 4 sieve 

Clean Gravels: 

Less than 5% fines C 

Cu  4 and 1  Cc  3 E GW Well-graded gravel F 

Cu  4 and/or [Cc<1 or Cc>3.0] E GP Poorly graded gravel F 

Gravels with Fines: 

More than 12% fines C 

Fines classify as ML or MH GM Silty gravel F, G, H 

Fines classify as CL or CH GC Clayey gravel F, G, H 

Sands: 
50% or more of coarse 
fraction passes No. 4 
sieve 

Clean Sands: 

Less than 5% fines D 

Cu  6 and 1  Cc  3 E SW Well-graded sand I 

Cu  6 and/or [Cc<1 or Cc>3.0] E SP Poorly graded sand I 

Sands with Fines: 

More than 12% fines D 

Fines classify as ML or MH SM Silty sand G, H, I 

Fines classify as CL or CH SC Clayey sand G, H, I 

Fine-Grained Soils: 
50% or more passes the 
No. 200 sieve 

Silts and Clays: 
Liquid limit less than 50 

Inorganic: 
PI  7 and plots on or above “A” 
line J 

CL Lean clay K, L, M 

PI  4 or plots below “A” line J ML Silt K, L, M 

Organic: 
Liquid limit - oven dried 

 0.75 OL 
Organic clay K, L, M, N 

Liquid limit - not dried Organic silt K, L, M, O 

Silts and Clays: 
Liquid limit 50 or more 

Inorganic: 
PI plots on or above “A” line CH Fat clay K, L, M 

PI plots below “A” line MH Elastic Silt K, L, M 

Organic: 
Liquid limit - oven dried 

 0.75 OH 
Organic clay K, L, M, P 

Liquid limit - not dried Organic silt K, L, M, Q 

Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat 

A Based on the material passing the 3-inch (75-mm) sieve. 

B If field sample contained cobbles or boulders, or both, add “with cobbles 

or boulders, or both” to group name. 

C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded 

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly 
graded gravel with silt, GP-GC poorly graded gravel with clay. 

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded 

sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded 
sand with silt, SP-SC poorly graded sand with clay. 

E Cu = D60/D10     Cc = 

6010

2

30

DxD

)(D

 

F If soil contains  15% sand, add “with sand” to group name. 

G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

H If fines are organic, add “with organic fines” to group name. 

I If soil contains  15% gravel, add “with gravel” to group name. 

J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 

K If soil contains 15 to 29% plus No. 200, add “with sand” or “with 

gravel,” whichever is predominant. 

L If soil contains  30% plus No. 200 predominantly sand, add 

“sandy” to group name. 

M If soil contains  30% plus No. 200, predominantly gravel, add 

“gravelly” to group name. 

N PI  4 and plots on or above “A” line. 

O PI  4 or plots below “A” line. 

P PI plots on or above “A” line. 

Q PI plots below “A” line. 
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