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EXECUTIVE SUMMARY 

This preliminary geotechnical report has been prepared for the construction of new utilities, 
pavements, and single-family residences on an approximate 268-acre tract located east of 
weJb Road/Woodland Hills Drive and west of Ford Road lwithin the proposed Woodbridge 
residential subdivision in Montgomery County, Texas. Four widely-spaced test borings, 
designated B-1 through B-4, were drilled to a depth of approximately 20 feet in accessible areas of 
the proposed development. 

Based on the information obtained from our subsurface exploration, the site can be developed 
for the proposed project. Our recommendations are intended to provide preliminary information 
for planning purposes. Additional services, as discussed in the "5.0 FUTURE

SERVICES/LIMITATIONS" section, will be required prior to final design. These current borings 
may be used and supplemented by additional borings where needed for additional geotechnical 
services. A summary of our preliminary findings is listed below: 

■ Groundwater was initially observed during drilling at boring B-3 at a depth of approximately
16 feet. After a 15-minute observation period, groundwater was observed at boring B-3 at a
depth of about 15 feet. Groundwater was not observed during or upon completion of drilling
at borings B-1, B-2, and B-4.

■ The surficial soils observed in portions of the site exhibited an increased silt and sand
content and a negligible to low plasticity. If wet and soft conditions are present at the
time of construction, remedial efforts may be necessary for preparation of the surficial
soils in the construction areas to create a working surface.

■ The utility bedding and backfill should conform to the Montgomery County, City of
Houston, or other appropriate standards on utility bedding and backfill details.

■ Based on the soil and groundwater information obtained during our field activities and the
anticipated maximum depth planned for the utilities, we anticipate that excavations within
the surficial silts and near-surface clay soils will be relatively dry. Groundwater seepage,
if observed from the surficial silts and near-surface clay soils, is expected to be minor and
likely be managed by pumping water collected within sumps positioned in the bottom of the
excavation.

■ We anticipate that the pavement subgrade will generally consist of negligible plasticity
silts or low to medium plasticity clay soils. These soils should be treated with a mixture of
lime-flyash.
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For planning purposes, we anticipate that reinforced concrete pavements would likely be 
5 to 7 inches thick depending upon traffic considerations. We recommend that the top 
6 inches of the finished subgrade in the pavement areas be chemically treated. 

Post-tensioned slab-on-grade foundations �ay be considered to support the proposed 
single-family residences planned at this site. Additional geotechnical services will be 
required for design of the foundation system of the proposed residential structures as 
more information regarding the nature and locations of the proposed development is 
made available. 

This executive summary should be used in conjunction with the entire preliminary report for 
planning purposes. Details were not included or fully developed in this section, and the report must 
be read in its entirety for a more comprehensive understanding of the items contained herein. The 
section titled "5.0 FUTURE SERVICES/LIMITATIONS" should be read for an understanding of 
the report limitations. 
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PRELIMINARY GEOTECHNICAL REPORT 
UTILITIES, PAVEMENTS, AND RESIDENTIAL LOT EVALUATION 

WOODBRIDGE - 268 ACRE TRACT 
MONTGO�ERY COUNTY, TEXAS 

PrCfject No. 92175568 

January 3, 2018 

1.0 INTRODUCTION 

Terracon is pleased to submit our geotechnical engineering report for the proposed construction 

of utilities, pavements, and single-family residences within the proposed Woodbridge residential 

subdivision in Montgomery County, Texas. This project was requested by Mr. Taylor Gunn, P.E., 

Director of Development for Perry Homes, LLC, through an email dated November 28, 2017. 

The purpose of this report is to describe the subsurface conditions observed at the four widely

spaced test borings drilled for this project, analyze and evaluate the test data, and provide 

preliminary geotechnical guidelines and comments in regards to site preparation, utility 

construction, pavement design guidelines, and residential foundation design and construction. 

2.0 PROJECT INFORMATION 

2.1 Project Description 

Item Description 

Approximately 268-acre tract located east of Webb Road/Woodland 

Project size and location 
Hills Drive and west of Ford Road within the proposed Woodbridge 

residential subdivision in Montgomery County, Texas. See Appendix 

A, Exhibit A-1, Site Location Plan. 

Site layout See Appendix A, Exhibit A-2, Boring Location Plan. 

Proposed improvements 
New utilities and reinforced concrete pavements. Wood-framed 

single-family residences are also planned within this subdivision. 

Maximum depth of utilities 15 feet (assumed). 

Planned foundation system 
A post-tensioned (PTI) slab-on-grade foundation system for the 

proposed residences. 

Anticipated traffic Primarily consisting of residential light truck and automobile traffic. 

Finished floor elevation Within one to two feet above existing grade (assumed). 
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2.2 Site Description 

Item

Existing conditions

Current ground cover

Existing topography

Description
'f,. pipeline easement traverses through the middle portion of the site in a 
hortheast-southwest direction. Another easement is located k1ong the 
western boundary of the site. 
Mostly wooded. Areas of standing water was observed in several 
portions of the site at the time of our field program. 

Relatively level. 

3.0 SUBSURFACE CONDITIONS 

3.1 Geology 

Based on the geologic maps published by the Bureau of Economic Geology, the site for the 

proposed construction is located on the upper Lissie formation, sometimes denoted the 

Montgomery formation. The upper Lissie formation is heterogeneous, containing interbedded 

layers of clay, sand and silt. The upper Lissie formation was deposited in mid-Pleistocene time 

in shallow coastal river channels and flood plains. 

The coastal plain in this region has a complex tectonic geology, several major features of which 

are: Gulf Coastal geosyncline, salt domes, and major sea level fluctuations during the glacial 

stages, subsidence and geologic faulting activities. Most of these geologic faulting activities 

have ceased for millions of years, but some are still active. A fault investigation and study of the 

site geology is currently being performed and the Phase 1 Fault study letter will be submitted 

under a separate cover. 

3.2 Typical Profile 

The particular subsurface stratigraphy, as evaluated from our field and laboratory programs, is 

shown in detail on the Boring Logs in Appendix A. Stratification boundaries on the Boring Logs 

represent the approximate location of changes in soil types; in-situ, the transition between 

materials may be gradual. 

The subsurface soils at this site generally consisted of surficial sandy silts and sandy silty clay 

underlain by lean and fat clay soils that extended to the termination depth of the borings (about 

20 feet). 
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The results of our field and laboratory programs can be summarized as follows: 

Subsurface Soils 

Moisture Moisture Undrained I SPT Percentage Shear Plasticity Content vs. Description Content N-ValueIndex Plastic Strength2 

(%) Limit1 (pst) (bpf)3

Sandy Silt NP5 5 -11 - -

Lean Clay, Sandy 
Lean Clay, Silty 

6 to 23 8 to 21 -7 to +3 5,300 to 7,400 -
Clay and Sandy 
Silty Clay 

Fat Clay 36 11 -4 4.56 -

Silty Sand - - - - 22 

1· The difference between a soil sample's moisture content and its corresponding plastic limit. 
2. 

3. 

4. 

5. 

6. 

Based on unconfined compressive strength tests. 

bpf = blows per foot. 

Percent passing the No. 200 sieve. 

Non-Plastic (NP). 

Hand penetrometer reading in tons per square foot (tsf). 

offines4 

(%) 

-

54 

-

-

A hydrometer test was performed on a soil sample. Results of the hydrometer test are 

presented in the table below. 

Hydrometer Analyses 
I 

I Percent 
Sample Plasticity Percentage Finer Than 

Boring No. Depth 

I 
Description Index of Fines1 

1 2 Microns2 

(feet) I (%) (%) 
' 

8-4 0 to 2 Sandy Silty Clay 6 54 9 

1. Percent passing the No. 200 sieve.
2. Computed clay content of the soils has been used for computation of the edge and center lift

movements for the design of the post-tensioned slab-on-grade.
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3.3 Groundwater 

The borings were advanced using dry drilling techniques to their completed depth (about 

20 feet�; a procedure that facilitates the observation of groundwc\ter levels at the time of our field 

activiti�s. Groundwater was initially observed during drilling at boring 8-3 at a depth of about 

16 feet and at a depth of approximately 15 feet after a monitoring period of about 15 minutes. 

Groundwater was not observed during or upon completion of drilling at borings 8-1, 8-2, and 

8-4. These groundwater measurements are considered approximate and short-term, since the

borings were open for a short time period. On a long-term basis, groundwater may be present at

shallower depths. Groundwater will fluctuate seasonally with climatic changes.

4.0 PRELIMINARY GEOTECHNICAL RECOMMENDATIONS 

The following subsections present comments relating to geotechnical aspects of the proposed 

utilities, pavements, and residences at this site based on the information provided to us, the 

results of the field and laboratory information collected for this project, and our experience with 

similar subsurface and site conditions. Our recommendations are intended to provide 

preliminary information for planning purposes. Additional services, as discussed in the "5.0 

FUTURE SERVICES/GENERAL COMMENTS" section, will be required prior to final design. 

These current borings may be used and supplemented by additional borings where needed for 

additional geotechnical services. 

4.1 Geotechnical Considerations 

The surficial soils observed in portions of this site exhibited an increased silt and sand content 

and a negligible to low plasticity. These soils are moisture sensitive and may become weak with 

elevated moisture contents and present construction difficulties. If wet and soft conditions are 

present at the time of construction, extra remedial efforts may be necessary for preparation of 

the surficial soils in the proposed construction areas to create a suitable working surface for 

construction. Remedial efforts are discussed in the "4.2 Wet Weather/Soft Subgrade 

Considerations" section of this report. 

Atterberg Limits tests indicate that the soils present within the proposed Woodbridge residential 

subdivision contain near surface strata which generally have a variable plasticity. The subgrade 

soils observed at this site are subject to vertical movements due to seasonal moisture variations, 

which is typical of soils in the Houston area. The construction of a slab-on-grade foundation will be 

feasible if the foundation is properly designed to resist bending moments induced by the estimated 

soil movements. 
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4.2 Wet Weather/Soft Subgrade Considerations 

Due to an increased silt and sand content and a negligible to low plasticity observed in the 

surficial soils in portions of the site, proper compaction may be difficult to achieve. In addition, 

construction during and soon after wet weather periods may encounter difficulties due to wet 

surficial soils becoming a general hindrance to equipment due to rutting and/or pumping of the 

soil surface. This condition is primarily due to their lack of cohesion (low clay content) and little 

to no confining pressure near the ground surface. If the subgrade cannot be adequately 

compacted to the minimum densities as described above, one of the following methods should 

be used to improve the soils: 1) removal and replacement with select fill, 2) chemical treatment 

of the soil to dry the subgrade, or 3) drying by natural means if the schedule allows. 

Based on our experience with similar soils, chemical treatment is the most efficient and effective 

method to increase the supporting value of wet and soft subgrade such as that observed at this 

site. Chemical treatment may be necessary to depths of up to approximately 12 to 18 inches or 

deeper, depending on the condition of the soil at the time of construction. We suggest that a 

cost be included in the construction budget for chemical treatment of the soils using a lime

flyash mixture to produce drying and to improve the condition of the soil if construction begins 

during or soon after a wet period. We recommend that this cost be in the form of a contingency 

or allowance to be used if needed. 

4.3 Utility Construction Considerations 

We anticipate that the maximum depth of utilities is planned to extend to a maximum depth of 

15 feet within the subdivision. Recommendations for the construction of the proposed utilities 

are presented in the following sections of this report. 

4.3.1 Groundwater Control 

Based on the soil and groundwater information obtained during our field activities and the 

maximum depth planned for the utilities, we anticipate that utility excavations within the surficial 

silts and near-surface clay soils will be relatively dry. Groundwater seepage, if observed from the 

surficial silts and near-surface clay soils, is expected to be minor and likely be managed by 

pumping water collected within sumps positioned in the bottom of the excavation. 

However, excavations that extend through or into zones of silty sands, which were observed at 

boring 8-3 at a depth of about 14 feet, may require some form of advance dewatering, such as 

vacuum wellpoints, depending on the groundwater conditions at the time of construction. 

Groundwater is typically controlled by the installation of vacuum wellpoints. However, vacuum 

wellpoints are generally less effective below a depth of about 15 feet beneath the top of the 

wellpoint. In addition, dewatering with wellpoints may not be effective in zones containing 

significant amounts of fine-grained soils. Deeper dewatering typically requires eductors or deep 

wells with submersible pumps or multiple-stage wellpoint systems. 
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The suggested methods given above serve as a guideline for groundwater control; other 
appropriate means may be required for groundwater control during construction. Control of 
groundwater should be accomplished in a manner that will preserve the strength of the soils, will 
not cause instability of the excavation, and

\
will not result in damage to existing structures, if any.

4.3.2 Excavation Considerations 

For this project, either excavated side slopes or vertical cut excavations are feasible. For vertical 
cut excavations greater than 5 feet in depth, excavations will require the use of a trench box or 
shoring and bracing to prevent sloughing and caving of the soil into the excavation. The 
contractor should use a trench box or shoring and bracing as necessary to maintain a safe and 
clean excavation which meets Occupational Safety and Health Administration (OSHA) 
requirements. 

In lieu of shoring, bracing, or trench boxes for excavations greater than 5 feet, OSHA standards 
provide recommendations for the design of temporary sloped excavations with a depth less than 
20 feet. The OSHA standards provide maximum allowable slopes contingent on three 
designated soil types: Type A, Type 8, or Type C. According to OSHA standards, temporary 
sloped excavations should be no steeper than 0.75-horizontal on 1-vertical (0.75H:1V) for Type 
A soils, 1 H:1V for Type B soils, and 1.5H:1V for Type C soils. The surface slopes should be 
protected from deterioration and weathering if they are left open for significant periods of time. 

4.4 Pavements 

We anticipate that the pavement subgrade will generally consist of on-site negligible plasticity 
silts or low to medium plasticity clay soils. We recommend that the top 6 inches of the finished 
subgrade soils directly beneath the pavements be chemically treated. Chemical treatment will 
increase the supporting value of the subgrade and decrease the effect of moisture on subgrade 
soils. This 6 inches of chemically treated subgrade is a recommended part of the pavement 
design and not a part of site and subgrade preparation for wet/soft subgrade conditions. 

For planning purposes, the on-site negligible plasticity silts or low to medium plasticity clay soils 
soils should be treated with a mixture of lime-flyash applied as 2 to 3 percent lime and 7 to 
8 percent flyash. The percentages are given as application by dry weight and are typically 
equivalent to about 10 to 15 pounds of lime and 35 to 40 pounds of flyash per square yard per 
6-inch depth. The actual amount of lime should be determined at the time of construction by the
use of lime determination tests.

Once the subgrade is properly prepared a rigid pavement system may be considered for this 
project. The pavement subgrade soils should be scarified, moisture adjusted, treatment applied, 
and recompacted to proper density just prior to pavement construction. 
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For planning purposes, we anticipate that reinforced concrete pavements would likely be56 to 

7 inches thick depending upon traffic considerations. As previously discussed, we recommend 

that the top 6 inches of the finished subgrade in the pavement areas be chemically treated. 

4.5 Residential Slab-on-$rade Foundations \

This section presents comments relating to geotechnical aspects of the proposed residential 

structures at this site based on the information provided to us, the results of the field and 

laboratory information collected for this project, and our experience with similar subsurface and 

site conditions. Our recommendations are intended to provide preliminary information for 

planning purposes. 

We understand that the proposed residential structures will be supported using a post-tensioned 

(PTI) slab-on-grade foundation system. Based on the subsurface conditions observed and our 

available field and laboratory test results, this type of foundation system may be utilized to 

support the proposed residential structures provided the subgrade is prepared as discussed in 

the following sections. Preliminary design parameters for a PTI slab-on-grade foundation 

system are provided in the following paragraphs, along with other geotechnical considerations 

for this project. 

Based on our analysis of the field and laboratory data, preliminary design parameters were 

computed using Addenda No. 1 1 and No. 22 to the 2004 PTI method for slab-on-grade design. 

The following preliminary design parameters may be utilized for planning purposes to evaluate 

the use of post-tensioned slabs at this site for planning purposes. The preliminary PTI design 

parameters provided below are approximate and are presented as ranges due to the limited soil 

data available at this time. 

Description 

Effective Plasticity Index 

Estimated Edge Moisture Variation 

Distance, em1 

Estimated Differential Soil 

Movement, Ym 1

Allowable Bearing Capacity2 

Preliminary Design Parameters 

20 to 25 

Center Lift: 8.5 to 9.0 feet 

Edge Lift: 4.7 to 5.0 feet 

Center Lift: 0.5 to 1.0 inches 

Edge Lift: 0.4 to 0.7 inches 

Dead Load Plus Sustained Live Load: 1,000 to 1,200 psf 

Total Net Load: 1,500 to 1,800 psf 

1. Post-Tensioning Institute, "Addendum No. 1 to the 3rd Edition of the Design of Post-Tensioned Slabs
on-Ground", Post-Tensioning Institute, Phoenix, AZ, May 2007.
2. Post-Tensioning Institute, "Addendum No. 2 to the 3rd Edition of the Design of Post-Tensioned Slabs
on-Ground", Post-Tensioning Institute, Phoenix, AZ, May 2008.
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Description Preliminary Design Parameters

Continued from Page 7 

1. 

2. 

The estimated movements do not consider the effects of non-climatic factors whi h might arise from 
conditions beyon the control of Terracon. The conditions include, but are not liri,ited to, location of 
planters and trees around the residence, poor drainage, and operations of the hbme builder on the 
lots subsequent to our explorations. The foundation design engineer should take these conditions 
into consideration for the foundation design. 

Provided the subgrade is properly prepared and based on a minimum perimeter grade beam depth 
of at least 12 inches below exterior grade. 

The Potential Vertical Rise (PVR) was computed using Texas Department of Transportation 

(TxDOT) Test Method Tex-124-E for soil conditions observed at the preliminary borings at the site. 

The PVR is defined as the potential for a soil at a given density, moisture, and overburden 

pressure to swell and cause heave of the surface when exposed to a change in moisture. The 

calculated PVR based on a dry moisture condition for a depth to significant moisture variation of 9 

feet ranged from about 1.4 to 2.0 inches. The accuracy of this calculated values are meaningful 

only to the nearest inch at best but has been reported to one-tenth of an inch for comparison 

purposes. 

5.0 FUTURE SERVICES/LIMITATIONS 

We do not anticipate that subsurface conditions at this site will differ significantly from those 

observed in our widely-spaced soil borings during this evaluation. However, variations may 

occur due to the geology of the area. Should any subsurface conditions other than those 

described in this report be encountered, Terracon should be immediately notified so that further 

evaluation and supplemental recommendations can be provided. 

These services were performed in accordance with accepted geotechnical engineering practice. 

Determination of excavation, trench safety, dewatering and trafficability requirements is the 

responsibility of others specializing in those areas. In the event that any changes in the nature, 

design or location of the improvements are made, the conclusions and recommendations in this 

report should not be considered valid until the changes are reviewed and the conclusion and 

recommendations modified or verified in writing. 

The reproduction of this preliminary report, or any part thereof, should indicate that it was made 

for design purposes only. Verification of subsurface conditions for the purpose of construction 

activities is the responsibility of others. 

Additional geotechnical services will be required for each individual phase of development and 

as more information regarding the nature and locations of the various improvements planned is 

made available. Terracon will not be responsible for any final design and/or construction which 

is based on the information presented in this preliminary report. 
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This preliminary report only addresses items related to the geotechnical engineering aspects of 
the site development. The scope of services for this project does not include either specifically 
or by implication any environmental or biological (e.g., mold, fungi, and bacteria) assessment of 
the site or identification or prevention of pollutants, hazardous materials or conditions. If the 
owner is f concerned about the potential for such contamination I or pollution, other services 
should be undertaken. 

For any excavation construction activities at this site, all Occupational Safety and Health 
Administration (OSHA) guidelines and directives should be followed by the Contractor during 
construction to insure a safe working environment. In regards to worker safety, OSHA Safety 
and Health Standards require the protection of workers from excavation instability in trench 
situations. 
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Field Exploration Description 

Subsurface conditions were evaluated by drilling four widely-spaced test borings, designated 
B-1 through B-4, to a depth ofi

j 
about 20 feet in accessible areas of the site. The borings were

drilled using all-terrain vehicle (ATV) mounted drilling equipment at the approximate 14cations 
shown on the Boring Location Plan, Exhibit A-2 of Appendix A. The approximate latitude and 
longitude of the boring locations were measured using a hand-held Global Positioning System 
(GPS) unit with an accuracy of ±25 feet and are shown on the boring logs. Boring depths were 
measured from existing grade at the time of our field program. Upon completion of our field 
program, the borings were backfilled with soil cuttings. 

The Boring Logs presenting the subsurface soil descriptions, type of sampling used, and 
additional field data, are presented on Exhibits A-4 through A-7 of Appendix A. The General 
Notes, which define the terms used on the logs, are presented on Exhibit C-1 of Appendix C. The 
Unified Soil Classification System is presented on Exhibit C-2 of Appendix C. 

Cohesive soil samples were generally recovered using open-tube samplers. Hand penetrometer 
tests were performed on samples of cohesive soils to serve as a general measure of consistency. 

Granular soils and soils for which good quality open-tube samples could not be recovered were 
sampled by means of the Standard Penetration Test (SPT). This test consists of measuring the 
number of blows (N) required for a 140-pound hammer free falling 30 inches to drive a standard 
split-spoon sampler 12 inches into the subsurface material after being seated six inches. This blow 
count or SPT N-value is used to evaluate the stratum. 

Samples were removed from samplers in the field, visually classified, and appropriately sealed in 
sample containers to preserve their in-situ moisture contents. Samples were then transported to 
our laboratory in Houston, Texas. 

Samples not tested in the laboratory will be stored for a period of 30 days subsequent to 
submittal of this report and will be discarded after this period, unless we are notified otherwise. 

Exhibit A-3 



BORING LOG NO. B-1 Page 1 of 1 
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(!) 

� a. 
::;w 

PROJECT: Utilities, Pavements, and Residential Lot 
Evaluation 

SITE: Woodbridge - 268 Acre Tract 
Harris County, Texas 

\9 LOCATION See EJ<hibitA-2 
..J 
u Latitude: 30.0905' Longitude: -95.1958 

i I 
I.!) 

DEPTH SANDY SILT (ML\. gray, loose, with clay pockets and 
· 1.0 scattered roots 

LEAN CLAY ICL). gray, tan, and reddish brown, very stiff to 
hard, with sand seams 

.... <(�--..=�-----------------------, 
FAT CLAY ICHl. light gray and tan, very stiff, with sand 

�, pockets and seams 

I
I!:
� 
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!i2 
1i'. w ti: 
;;! 
z,........,."t= ...... -------------------------1 

c, Boring Tenninated at 20 Feet 

0 
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f--a. 
w 
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1 
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CLIENT: Perry Homes, LLC 
Houston, Texas 
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- a. 
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4.5(HP) UC 7.42 4.2 14 115 

4.5 (HP) 

4.5 (HP) 

4.5 (HP) 
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4.5 (HP) 
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0 
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Stratification lines are approximate. In-situ, the transition may be gradual. 

w---------------------.---------------..----------------------.1 

1/J Advancement Method: 
!!, 
0 D,y augered to 20 feet. 

See EJ<hibit A-3 for description of field procedures. 

>;i 
See Appendix B for description of laborato,y 
procedures and additional data {if any). >--1-----------------------j 

� Abandonment Method: See Appendix C for explanation of symbols and 
!!l 
I!) 

Boring backfilled with auger cuttings upon completion. abbre.,;ations. 

Notes: 
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z No free water observed 

� 1-----------------------1 Drill Rig: ATV Driller. Hannan Drilling a, en 1------------------------l 11555Clay Rd Ste 100 
EJ<hibit: A-4 � Houston, TX Project No.: 92175568 ,.__ __________________ __, __________________ _._ __________ ,._ ________ ..... 



BORING LOG NO. B-2 

"" 

s 

� 
�w 0:: 
_J 

PROJECT: Utilities, Pavements, and Residential Lot 
Evaluation 

SITE: Woodbridge - 268 Acre Tract 
Harris County, Texas 

u 
:i: 

LOCATION See El<hibit A-2 

Latitude: 30.0809° !ongitude: -95.204° 

l 
DEPlH 

SANDY SILTY CLAY ICL-MLl. gray, very stiff, with 
scattered roots 

SILTY CLAY /CL-MU, gray and tan, very stiff

�l""'""-''-1"';;.:;..------------------------l 
a Boring Terminated at 20 Feet 

Stratification lines are approlCimate. In-situ, the transition may be gradual. 

� 
I I-
0. 
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1 
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CLIENT: Perry Homes, LLC 
Houston, Texas 

_J rJl 
wZ 

w SlRENGlH TEST a. I-
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Page 1 of 1 
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38-15-23 

Wt---------------------.---------------.----------------------t 

en Advancement Method: 
Dry augered to 20 feet. 

See El<hibit A-3 for description of field procedures. 

>� 
See Appendix B for description of laboratory 
procedures and additional data (if any). 

b �A_b_a-nd-o-nm_e_n_t -M-et-hod-- ---------------tSee Appendix C for e=lanation of symbols and 
� Boring backfilled wiih auger cuttings upon completion. abbreviations. 
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No free water observed 

a, Drill Rig: ATV Driller. Herman Drilling 

VJ 1-----------------------t 
11555 Clay Rd Ste 100 

El<hibit: A-5 i Houston, TX Project No.: 92175568 
..... __________________ ___, ________________ ....._-'--________ .._ ________ ....... 
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BORING 

PROJECT: Utilities, Pavements, and Residential Lot 
Evaluation 

SITE: Woodbridge - 268 Acre Tract 
Harris County, Texas 

(!) LOCATION See ExhibitA-2 
0 ...J 

\
Latitude: 30.0781" Longitude: -95.2074" u

:i: 
ll. 

� 
(!) 

DEPlH 

H · 2.0 

· 14.0 
.. i: 
.•,. 

·. ,.,. 

· . 

·.

.. 

. .

.. . .

.. 

.. 

. , .. ..
·.: ' 

.. 
.. 

·.20.0 

SANDY SILTY CLAY !CL-ML). gray, very stiff, with 
scattered roots 

SANDY LEAN CLAY {CL), gray and tan, very stiff to hard, 
with sand pockets 

- light gray 6 to 14 feet 

- soft, with sand seams 13 to 14 feet

SILTY SAND ISM). light gray and tan, medium dense 

Boring Terminated at 20 Feet 

LOG NO. B-3 Page 1 of 1 

CLIENT: Perry Homes, LLC 
Houston, Texas 

[j]� 
w SlRENGlH TEST ATTERBERG CJ) LIMrTS � 0.. tii� ,!! f- ti" 

UJ 

� ilj � t 
UJ o::j:' 

z 
�:,: 

- a. 
U:: 

�5 
UJ 

C 
z� 

:,: ...J <C ll. Cl) f- l!,!z ::::> f- f-
f- o::> ""' DU) � ff;�] z <C UJ >- I z 
ll. UJ 0:: 0. -'w � !z o::2 LL-PL-Pl UJ 
UJ f-W � !!!o:: f- ��- � 0� u 0 <C (/) CJ) 0 0:: � ID <C u. UJ ::; f- f- u UJ 0 {/) f- QCIJ Cl) ll. u 

- 4.0 (HP) 

-

- 4.5 (HP) 

-

5- 4.5 (HP) 9 30-12-18 

-

- 4.5 (HP) 

-

- 4.5 (HP) UC 5.27 4.9 15 121 

10-

- 4.5 (HP) 

-

-

- 0.5 (HP)

15- y_

_ _.s!Z_ 

-

-

-

� 
7-9-13 
N=22 

2v 

Stratification lines are approl<imate. In-situ. the transition may be gradual. Hammer Type: Rope and Cathead 

Advancement Method: See Elchibit A-3 for description of field procedures. Notes: 
Dry augered to 20 feet 

See Appendix B for description of laboratory 
procedures and additional data (if any). 

Abandonment Method: See Appendix C for el<planation of symbols and 
Boring backfilled with auger cuttings upon completion. abbreviations. 

WATER LEVEL OBSERVATIONS 

lrerracon 
Boring Started: 12-07-2017 Boring Completed: 12-07-2017 

52. 16 ft While drilling

..s!Z.. 16 ft At 5 minutes 
Drill Rig: ATV Driller. Hennan Drilling 

y_ 15 ft At 15 minutes 
11555 Clay Rd Ste 100 

Houston, lX Project No.: 92175568 Elchibit: A-6 



BORING LOG NO. B-4 

0 
0.. 

PROJECT: Utilities, Pavements, and Residential Lot 
Evaluation 

SITE: Woodbridge - 268 Acre Tract 
Harris County, Texas 

c, LOCATION See ExhibitA-2 

u Latitude: 30.0751 ° Longitude: -95.2123° 

�
� 

DEPTH 
SANDY SILTY CLAY (CL-ML). gray, stiff, with sand seams 

SANDY LEAN CLAY (CL), gray and tan, stiff to hard, with 
sand pockets and seams 

- light gray 6 to 12 feet

�IL'���------------------------1 
a Boring Terminated at 20 Feet 
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CLIENT: Perry Homes, LLC 
Houston, Texas 
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0 en I- Q(/) U) u 

2.0 (HP) 12 
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4.5 (HP) 

4.5 (HP) UC 6.59 14.9 14 106 
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Page 1 of 1 

ATTERBERG 
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wt---------------------.----------------r--------------------� 
(/) Advancement Method: 

Dry augered to 20 feet. 
See Exhibit A-3 for description of field procedures. 

:J See Appendix B for description of laboratory 
� procedures and additional data (if any). 1-l-----------------------1 
� Abandonment Method: See Appendix C for explanation of symbols and 
!Q Boring backfilled with auger cuttings upon completion. abbre,aations. 

Notes: 
Percent finer than 2 microns at 0 to 2 feet is 9 percent. 
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z No free water observed 

� 1-----------------------1 Drill Rig: ATV Driller. Hennan Drilling "' 
U) 1-----------------------1 11555 Clay Rd Ste 100 
�.._ ___________________ ___,.._ _____ H_o_us_ton_.TX _______ P_ro_ject_N_o_.:_s_2_17_5_56_8 ____ ._Exh_i_bil_: __ A_-_1 ____ _., 



APPENDIX B 

LABORATORY TESTING 



Preliminary Geotechnical Report
, r: Utilities, Pavements, and Residential Lot Evaluation ■ Montgomery County, Texas 1erracon 

January 3, 2018 ■ Terracon Project No. 92175568 

Laboratory Testing 

Soil samples were tested in the laboratory to measure their dry unit weight (ASTM D7263) and 
natural water content (ASTM D2216). Unconfined compression tests (AST¥ D2166) were 
performed on selecte samples and a calibrated hand penetrometer was usedf to estimate the 
approximate unconfined compressive strength of some cohesive samples. The calibrated hand 
penetrometer values have been correlated with unconfined compression tests and provide a 
better estimate of soil consistency than visual examination alone. Selected samples were also 
classified using the results of Atterberg Limits (ASTM D4318) and percent passing the No. 200 
sieve (ASTM D1140) tests. A hydrometer test (ASTM D422) was performed on a selected 
sample to help determine the percentage of soil finer than 2 microns. The test results are 
provided on the Boring Logs included in Appendix A and in the "3.2 Typical Profile" section of 
this report. 

ASTM procedural standards noted above are for reference methodology in general. In some 
cases, variations to methods are applied as a result of local practice or professional judgment. 

Descriptive classifications of the soils indicated on the Boring Logs are in general accordance 
with the enclosed General Notes and the Unified Soil Classification System. Also shown are 
estimated Unified Soil Classification Symbols. A brief description of this classification system is 
attached to this report. Classification of the soil samples was generally determined by visual 
manual procedures. 

Exhibit B-1 
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GENERAL NOTES 

DRILLING & SAMPLING SYMBOLS: 
SS: Split Spoon-1-3/aw l.D., 2n O.D., unless otherwise noted
ST: Thin-Walled Tube - 2" O.D., unless otherwise noted 
RS: Ring Sampler - 2.42" I.D., 3" O.D., unless otherwise noted 
DB: Diamond Bit Coring - 4", N, B 

I 

BS: 
j

ulk Sample or Auger Sample

HS: Hollow Stem Auger 
PA: Power Auger 
HA: Hand Auger 
RB: Rock Bit 
WB: Wash Boring or Mud Rotary 

The number of blows required to advance a standard 2-inch O.D. split-spoon sampler (SS) the last 12 Inches of the total 18-inch 
penetration with a 140-pound hammer falling 30 inches is considered the "Standard Penetration" or "N-value". 

WATER LEVEL MEASUREMENT SYMBOLS: 
WL: Water Level WS: 
WCI: Wet Cave in WO: 

While Sampling 
While Drllling 

N/E: Not Encountered 

DCI: Dry Cave in BCR: 
AB: After Boring ACR: 

Before Casing Removal 
After Casing Removal 

Water levels indicated on the Boring Logs are the levels measured In the borings at the times Indicated. Groundwater levels at other
times and other locations across the site could vary. In pervlous soils, the indicated levels may reflect the location of groundwater. In
low permeability soils, the accurate determination of groundwater levels may not be possible with only short-term observations. 

DESCRIPTIVE SOIL CLASSIFICATION: Soil classiflcatron is based on the Unified Classification System. Coarse Grained Soils 
have more than 50% of their dry weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand.
Fine Grained Soils have less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays If they are
plastic, and silts if they are slightly plastic or non-plastic. Major constituents may be added as modifiers and minor constituents may
be added according to the relative proportions based on grain size. !n addition to gradation, coarse-grained soils are defined on the
basis of their in-place relative density and fine-grained soils on the basis of their consistency. 

CONSISTENCY OF FINE-GRAINED son.s

Unconfined Standard Penetration 
Compressive or N-value (SS) Consistency 

Strength, Qy1 e§f Blows/Ft. 
< 500 <2 Very Soft 

500-1,000 2-3 Soft 

1,001 - 2,000 4-6 Medium Stiff 
2,001 - 4,000 7-12 Stiff 

4,001 - 8,000 13-26 Very Stiff 
8,000+ 26+ Hard 

RELATIVE PROPORTIONS OF SAND AND GRAVEL 
Descriptive Term(s) of other 

Constituents 
Trace 
With 

Modifier 

Percent of 
Dry Weight 

<15 
15-29 

>30 

RELATIVE PROPORTIONS OF FINES 
Descriptive Term(s) of other 

Constituents 
Trace 
With 

Modifiers 

Percent of 
Dry Weight 

<5 
5-12
>12

RELATIVE DENSITY OF COARSE-GRAINED SOILS 
Standard Penetration 

or N-value {SS) Ring Sampler {RS) Relative Density
Blows/Ft. Blows/Ft. 

0-3 0-6 Very Loose 
4-9 7-18 Loose 

10-29 19-58 Medium Dense 
30-49 59-98 Dense 

50+ 99+ Very Dense 

GRAIN SIZE TERMINOLOGY 
Major Component 

of Sample 
Boulders 
Cobbles 
Gravel 
Sand 

Silt or Clay 

Particle Size 

over 12 in. (300mm) 
12 in. to 3 In. (300mm to 75 mm) 

3 In. to #4 sieve (75mm to 4.75 mm) 
#4 to #200 sieve (4.75mm to 0.075mm) 

Passing #200 Sieve (0.075mm) 

PLASTICITY DESCRIPTION 

Term 

Non-plastic 
.Low 

Medium 
High 

Plasticity 
Index 

0 

1-10
11-30
30+ 

Exhibit C-1 



II 

UNIFIED SOIL CLASSIFICATION SYSTEM 

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

Gravels: Clean Gravels: Cu24and1 sccs3 E 

More than 50% of Less than 5% fines c Cu < 4 and/or 1 > Ce> 3 • 
coarse 

Gravels with Fines:_� Fines classify as ML or MH fraction retained on Coarse Grained Soils: 
II.In 4sleve More than 12% fines Fines classify as CL or CH 

More than 50% retained 
on No. 200 sieve Sands: Clean Sands: Cu26and1 SCc:;;3 E 

50% or more of coarse Less than 5% fines 0 Cu< 6 and/or 1 >Cc> 3 e 

fraction passes Sands with Fines: Fines classify as ML or MH 
No, 4 sieve More than 12% fines 0 Fines Classify as CL or CH 

Inorganic: 
Pl> 7 and plots on or above "A' line J 

Silts and Clays: Pl < 4 or plots below "A" line J 

Liquid limit less than 50 1 Liquid limit • oven I 
Fine-Grained Solls: Organic: 2 Liquid limlt • not I <0.75 
50% or more passes the 

Pl plots on or above "N.' line No. 200 sieve Inorganic: 
Silts and Clays: Pl plots below "A" line 
Liquid limit 50 or more 

Organic: 
Liquid limit - oven dried I 

<0.75 Liquid limit - not dried I 
Highly organic soils: Primarily organic matter, dark In color, and organic odor 

Group 
Symbol 

GW 
GP 
GM 

GC 
SW 
SP 
SM 
SC 

CL 
ML 

OL 

CH 
MH 

OH 

PT 

Soll Classification 

GroupName 6 

Well-9raded gravel F 
Poorly graded gravel F 
Silty gravel F,s , H

Clayey gravel F,G,H 

Well-9raded sand 1 

Poorly graded sand 1

Silty sand G,H , I 

Clayey sand 13,H, I 

Lean ciayK,L,M 

Sl1tK,L ,M 

Organic clay K.L,M."I 

Organic silt K, L,M,o 

Fat clay K.L.M 
Elastic Si1t K,L,M 

Organic clayK.L.M,P 

Organic silt K.L.M,Q

Peat 

A Based on the material passing the 3-ln. (75-mm) sieve H If fines are organic, add "with organic fines" to group name. 
8 If field sample contained cobbles or boulders, or both, add "with cobbles 

or boulders, or both" to group name. 
1 If soll contains;:: 15% gravel, add "with gravel" to group name. 

c Gravels with 5 lo 12% fines require dual symbols: GW•GM well-graded 
gravel with silt, GW-GC well-graded gravel with clay, GP-GM pooriy 
graded gravel with silt, GP-GC poorly graded gravel with clay, 

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. 

0 Sands with 5 to 12% fines require dual symbols: SW-SM well.graded
sand with silt, SW-SC well-9raded sand with clay, SP-SM poorly graded 
sand with silt, SP-SC pooriy graded sand with clay 

L If son contains ;:: 30% plus No. 200 predominantly sand, add "sandy'' 
to group name. 

M If soil contains 2 30% plus No. 200, predominantly gravel, add 

2 
(Dao>E Cu = Dao/D10 Cc= 

P10 X Dso 

"gravelly" to group name, 
N Pl;:: 4 and plots on or above 'N' line. 
0 Pl < 4 or plots below "A' line. 
P Pl plots on or above "A" line. 

F If soil contains ;:: 15% sand, add "with sand" to groop name. a Pl plots below "N' line. 
ci If fines classify as CL•ML, use dual symbol GC-GM, or SC-SM. 

60 ...---.....-----""T'""--�--r--�,.----r---,.--r--........... ---rr-·-"--" 
. ( . . l/1; _,, 

V Fo.r classification of fine-grained 
soils and fine-grained fraction ,,, 

,tV/ +Iv 50 .. of coarse-grained soils 77 ---· ,<:--"' ' -·;:."' ,.,
-. Equation of "A" - line 

I •'-' 'I • � 
1£_ Hori.:orital at P1=4 to LL=25,5. ,/ .},. / 
X 40 then Pl:.0,73 (LL-20) z··---····-····- · ·;��- ... O''···· · ..... ,,,. '---+----+--+---l 
� Equation of 'U" - line ,/ � o<. /V 
� Vertical at Ll=16 to Pl.,7, / ('; / 
� 30 - then Pl=0.9 (Lvl•E\) ------:rL-�- ·v- ·

··

s 

I 
,,,,,. o\

o 
� 

� 20 1/1, _,, I yY--c,,C..r·+---+---+-�-+---t---t---l 
..J • MH or OH � 

i/
/ 

I 10 :-- ✓' ,,, v , 

� t?·-<:�:�:�•-"1��;ftnl\ ::;:'<r. ML+ OL 
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