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Introduction

This report presents the results of our subsurface exploration and Geotechnical
Engineering services performed for the proposed building addition to the existing library
located at 16311 South Access Road in Canyon Lake, Texas. The purpose of these
services was to provide information and geotechnical engineering recommendations
relative to:

m Subsurface soil conditions

m  Groundwater conditions

m Seismic site classification per IBC

m Site preparation and earthwork

m Foundation design and construction
m Pavement design and construction

The Geotechnical Engineering Scope of Services for this project included drilling,
laboratory testing, engineering analysis, and preparation of this report. The field
program for this project included the advancement of three (3) test borings drilled to a
depth of about 20 feet and one (1) test boring drilled to about 6 feet below existing site
grades.

Drawings showing the site and boring locations are shown on the Site Location and
Exploration Plan, respectively. The results of the laboratory testing performed on soil
samples obtained from the site during our field exploration are included on the boring
logs and separate graphs in the Exploration Results section.

Project Description

Our final understanding of the project conditions is as follows:

Item Description

We have been provided the site location and boring locations by
Mr. Ryan Rosborough with Rosborough Project Management via

Information
ormatio an email dated June 18, 2025. A Geotechnical Recommendations

Provided
Memo prepared by Datum Engineers was also provided to
Terracon.
Project The project includes approximately 6,000 square feet addition to
Description the existing library. The addition will be a single-story structure.

Facilities | Environmental | Geotechnical | Materials 1
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Item Description

The roof superstructure will be framed with either steel or
conventional wood or a combination of both. The existing,
adjacent structure is a stiffened (ribbed) slab on grade with
widened footings at columns and other point loads. The addition
will match the existing foundation.

Proposed
Construction

Anticipated maximum structural column load provided. by the
Structural Engineer is 5 to 50 kips for columns and 0.5 to 2 kips
per linear foot for the walls.

Structural
Loading

. . A grading plan was not provided at this time of the report.
Site Grading However, we expect the new building additions will match the
existing structure Finished Floor Elevation (FFE).

Terracon should be notified if any of the above information is inconsistent with the
planned construction, as modifications to our recommendations may be necessary.

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 The project is located at 16311 South Access Road in Canyon
Information Lake, Texas.
Existin The project site is developed with a library building with

9 associated parking lots. There are retaining walls on the south
Improvements . .

side of the parking lot.

Current Ground Concrete flatwork, asphalt parking lot. The area where
Cover expansion is being planned is wooded.

Geotechnical Characterization

Subsurface Conditions

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.

Facilities | Environmental | Geotechnical | Materials 2
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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.

Model Layer Soil Type General Description
Dark Brown, Light Brown; Very
1 ! 7

1 Fat Clay (CH) and Lean Clay (CL) Stiff to Hard
Light Brown; Dense to Very

2 Cl G | (GC) ?

ayey Gravel (GC) Dense
3 Weathered Limestone 3 Light Brown; Hard

1/ The FAT CLAY (CH) materials could undergo moderate to very high volumetric changes
(shrink/swell) should they experience changes in their in-place moisture content. The LEAN
CLAY (CL) materials could undergo moderate volumetric changes (shrink/swell) should they
experience changes in their in-place moisture content.

2/ The CLAYEY GRAVEL (GC) soils are primarily granular in nature and are expected to possess
a negligible potential for volumetric changes as a result of moisture fluctuations. This stratum
may become water bearing and prone to sloughing.

3/ The WEATHERED LIMESTONE materials are expected to be volumetrically stable. This
stratum will need rock excavation equipment.

The individual logs can be found in the Exploration Results section and the GeoModel
can be found in the Figures section of this report. It should be emphasized that the
stratification boundaries on the boring logs represent the approximate location of
changes in native soil types; in situ, the transition between materials may be gradual.

Groundwater Conditions

The borings were advanced to the required depths using dry drilling techniques to
evaluate groundwater conditions at the time of our field program. The boreholes were
observed for the presence of groundwater during and after completion of drilling.
Groundwater was not observed in any of the borings.

Seasonal variations such as amount of rainfall and runoff, climatic conditions and other
factors generally result in fluctuations of the groundwater level over time. After periods
of heavy rain, water may be encountered in the seams and fractures contained within
the weathered limestone. Also, in the Glenrose formation, seepage occurrence at the
interface of Clay and Limestone is a common phenomenon. Gravel zones encountered at
the site can also be water bearing. 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 foundation contractor should check the groundwater
conditions just before foundation excavation activities. Long term observations in
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piezometers sealed from the influence of surface water are often required to define
groundwater levels in materials of this type.

Seismic Site Class

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 1613.2.2 in the 2021 IBC and Table
20.3-1 in the 2016 ASCE-7. Based on the soil properties observed at the site and as
described on the exploration logs and results, our professional opinion is for that a
Seismic Site Classification of C be considered for the project. Subsurface explorations
at this site were extended to a maximum depth of 20 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.

Geotechnical Overview

Expansion Potential

Based on our findings, the subsurface soils at this site generally exhibit a low
shrink/swell potential. Based on the information developed from our field and laboratory
programs and on method TEX-124-E of the Texas Department of Transportation (TxDOT)
Manual of Testing Procedures, we estimate that the subgrade soils at this site exhibit a
Potential Vertical Rise (PVR) of about 1 inch in their present condition. The majority of
the PVR is due to the presence of the fat clay layer at the surface. It should be
emphasized that the actual movements could be greater than the values presented in
this report because of inadequate drainage, ponded water and moisture infiltration
beneath the structures after construction.

Site grades should provide effective drainage away from the structure during and after
construction. Water permitted to pond next to the structure can result in greater soil
movements than those discussed in this report. These greater movements can result in
unacceptable differential floor slab movements, cracked slabs and walls, and roof leaks.
Estimated movements described in this report are based on effective drainage for the
life of the structure and cannot be relied upon if effective drainage is not maintained.
Recommendations for preparing the building pad are provided in the Pad Preparation
for the Building Addition section of this report. Proper water management is
important. Recommendations regarding this issue are included in the Grading and
Drainage section of this report.
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Sulfate Testing

A sulfate test was performed on a selected soil sample collected from the project site to
check for a possible adverse reaction with concrete. Testing was not performed at all
depths.

The sulfate content concentration for the sample tested along with the location and
approximate depth are as follows:

Boring Sample Depth (feet) Sulfate Content (percent by mass)
B-1 2-3.5 0.0212

The American Concrete Institute (ACI) and the Texas Department of Transportation
(TxDOT) provide guidance and specifications regarding sulfates in soil and groundwater.

Water Soluble Sulfate Content in Soil

i fP ial E
(percent by mass) Severity of Potential Exposure

> 2.00 Class S3
0.2-2.0 Class S2
0.1-0.2 Class S1
<0.10 Class SO

Based on the test results, the severity of potential exposure of concrete to sulfate attack
falls under Class SO.

Demolition Considerations

We understand that part of the existing building and flatwork at this site may be
demolished prior to construction. As a result, abandoned (or to be abandoned)
underground utilities may be present within the footprint area of the planned structures.
Utilities and associated backfill and granular bedding material can provide avenues for
ground water to enter under the structure subgrade. We recommend that all abandoned
utility lines (if any) be completely removed from the proposed structure areas.
Abandoned pipes which remain underground should be grouted. In addition, the
pavement materials may be reused as select fill for the new building pad provided it
meets the requirements provided in the Earthwork section of this report.

Any below-grade utility removal associated with demolition will likely create large
subsurface voids. It is very important that all subsurface voids formed from the removal
of the utility be backfill completely with moisture conditioned, compacted, engineered fill
as described in the Earthwork section of this report. It is our experience that
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improperly backfilled excavations can cause significant settlement under and around the
proposed structures.

As an alternative to compacted soil backfill, a flowable fill material may be considered.
Flowable fill, or slurry, when properly designed provides a competent subgrade and can
still be readily excavated if the utilities require repair or maintenance. In addition,
flowable fill does not need to be placed in lifts, compacted, or tested.

Structure Interaction and Possible Distress

The construction of an addition to an existing structure can often create a situation that
leads to the formation of distress in both structures if both structures are connected to
each other. Typically, such distress occurs due to the use of different foundations and as
a result of the structures having different framing stiffness. These differences often lead
to dissimilar performances between the additions and existing structure. Such
performance dissimilarities typically manifest themselves as differential movements and
can cause significant amounts of distress. The risks associated with dissimilar
performances between the additions and existing structure may be reduced by the
following:

m Design the foundation of the addition using the type and geometry similar
to the existing foundation system (when appropriate);

m Dowel the addition and existing foundations/floor slabs together to prevent
differential vertical movements across the joint; and

m  Construct an expansion joint between the new and existing structure to
allow for differential horizontal movement between the addition and
existing structure.

Excavating adjacent to the existing foundation should be performed with care.
Excavations adjacent to the existing structure could cause the foundation to become
undermined and the foundation or structure could suffer damages. We recommended
that the contractor monitor the existing foundation carefully during construction and be
prepared to brace the existing foundation if necessary.

Earthwork

Earthwork is anticipated to include clearing and grubbing, excavations, and engineered
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.

Facilities | Environmental | Geotechnical | Materials 6
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General Site Preparation

Prior to construction, the work area should be cleared of loose topsoil and any otherwise
unsuitable materials should be removed from the construction area. After stripping and
grubbing, the exposed subgrade should be proof rolled where possible to aid in locating
loose or soft areas. Proof-rolling can be performed with a fully loaded dump truck or
comparable pneumatic tired vehicle. Soils that are observed to rut or deflect excessively
(typically greater than 1-inch) under the moving load should be overexcavated to
provide a firm, uniform bearing layer. The proof rolling and overexcavation activities
should be witnessed by a representative of the Geotechnical Engineer and should be
performed during a period of dry weather. Subgrade stabilization may also be performed
as described below if the exposed subgrade exhibits yielding or pumping under
construction traffic.

m Removal and replacement with select fill.
m  Chemical treatment of the soil to dry and increase the stability of the subgrade.

m Drying by natural means if the schedule allows.

Pad Preparation for the Building Addition

The following building pad preparation recommendations should be performed for the
proposed building prior to foundation construction. As previously mentioned, the existing
PVR at this site is about 1 inch. Recommendations for at-grade pad preparation to
reduce the PVR to about %2 inch (non-expansive site) and provide uniform support to the
grade supported slab and flatwork for this project site are provided in the following
sections.

m Complete the stripping operations discussed in the General Site
Preparation section. Excavate and remove any dark brown clay in the
building pad area which is about 2 to 3 feet thick. The building pad area is
defined as the footprint of the building, including any movement sensitive
flatwork, such as sidewalks, plus 5 feet except where it abuts the existing
building.

m The exposed subgrade should be proof rolled with a fully loaded dump or
water truck to evidence any weak yielding zones. A Terracon geotechnical
engineer or their representative should be present to observe proof rolling
operations.

m  Over-excavate any confirmed weak yielding zones, both vertically and
horizontally, to expose competent soil. The upper 6 inches of the exposed
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subgrade should be moisture conditioned between -2 and +3 percentage
points of the optimum moisture content and then compact to at least 95
percent of the maximum dry density determined in accordance with ASTM
D 698.

m  After proof-rolling and the replacement of weak yielding zones, place select
fill to achieve the Finished Building Pad Elevation (FBPE). The select fill
should be placed in loose lifts of about 8 inches and compacted thickness
not exceeding 6 inches. The select fill should be moisture conditioned
between -2 and +3 percentage points of the optimum moisture content
and then compacted to at least 95 percent of the maximum dry density
determined in accordance with ASTM D 698.

®m The upper 6 inches of the building pad may be constructed with granular
select fill to provide an all-weathering surface course. This layer is to
provide a working surface during wet weather conditions.

If grades are to be raised, select fill should then be used to achieve the FBPE.

Details regarding select fill materials, placement and compaction are presented in the
following sections Fill Material Types and Fill Placement and Compaction
Requirements.

Flatwork

As previously stated, we estimate that the subgrade soils at this site exhibit a PVR of
about about 1 inch in their present condition. We recommend movement sensitive
flatwork be included in the building pad and prepared as described under Pad
Preparation for the Building Addition section. The pad should extend 5 feet beyond
the outer edge of the flatwork.

Fill Material Types

Fill required to achieve design grade should be classified as Select Fill and General Fill.
Material property requirements for General Fill and Select Fill are noted in the table
below:

Fill Type USCS Classification Comments

Meet TxDOT Item 247 Type A, Grade 1- All locations and

Granular Select Fill i
2 gradation requirements. elevations

Facilities | Environmental | Geotechnical | Materials 8
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Fill Type

Imported Select
Fill

Imported General
Fill

Onsite Soils

Y

USCS Classification

CL, SC, GC
LL<40 and 7<PI<20
% passing #200 sieve =235%
Maximum particle size 112"
CL, CH, SC, GC

LL<60 and 5<PI<40
% passing #200 sieve 225%

Maximum particle size 3"

CH, CL, GC, and Weathered
Limestone

jferracon

Comments

All locations and
elevations

For grade adjustment
outside of structure
areas

CH soils are not suitable
for select fill. CL and GC
soils may be used as
select fill provided they
meet the select fill
criteria. On-site
processed limestone
that is 2 inches or less
in diameter may be
used as select fill.

1/ Prior to any filling operations, samples of the proposed Select Fill 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 filling operations to ensure that proper levels
of compaction, including dry unit weight and moisture content are attained.

Fill Placement and Compaction Requirements

Select and general fill should meet the following compaction requirements.

Item

Fill Lift Thickness

Compaction of Granular Select Fill,
Select Fill, General Fill, and On-

Site Soils

Requirements

All fill should be placed in thin, loose lifts of
about 8 inches, with compacted thickness not

exceeding 6 inches.

Facilities | Environmental | Geotechnical | Materials
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Item Requirements

Moisture Content of Granular
Select Fill, Select Fill, General Fill,
and On-Site Soils

Between -2 and +3 percentage points of the
optimum moisture content.

Grading and Drainage

Effective drainage should be provided during construction and maintained throughout the
life of the new improvements. After pad construction, we recommend verifying final grades
to document that effective drainage has been achieved. Grades around the structure
should also be periodically inspected and adjusted as necessary, as part of the structure’s
maintenance program.

Proper site drainage should be maintained during the entire construction phase so that
ponding of surface runoff does not occur and cause construction delays and/or inhibit
site access, particularly in cut areas.

Flatwork and pavements will be subjected to post-construction movement. Maximum
grades that are feasible should be used for paving and flatwork to prevent water from
ponding. Allowances in final grades should also consider post-construction movement of
flatwork, particularly if such movements are deemed critical. Where paving or flatwork
abuts the structure, joints should be effectively sealed and maintained to prevent
surface water infiltration. In areas where sidewalks or paving do not immediately adjoin
the structure, we recommend that protective slopes be provided with a grade of at least
five percent for at least 10 feet from perimeter walls (except in areas where ADA ramps
are required; these should comply with state and local regulations). Backfill against
grade beams, exterior walls, and in utility and sprinkler line trenches should be well
compacted and free of construction debris to reduce the possibility of moisture
infiltration.

Utility Trench Backfill

Any soft or unsuitable materials encountered at the bottom of utility trench excavations
should be removed and replaced with structural fill or bedding material in accordance
with public works specifications for the utility be supported. This recommendation is
particularly applicable to utility work requiring grade control and/or in areas where
subsequent grade raising could cause settlement in the subgrade supporting the utility.
Trench excavation should not be conducted below a downward 1:1 projection from
existing foundations without engineering review of shoring requirements and
geotechnical observation during construction.

Facilities | Environmental | Geotechnical | Materials 10
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On-site materials are considered suitable for backfill of utility and pipe trenches from 1
foot above the top of the pipe to the final ground surface, provided the material is free
of organic matter and deleterious substances.

Trench backfill should be mechanically placed and compacted as discussed earlier in this
report. Compaction of initial lifts should be accomplished with hand-operated tampers or
other lightweight compactors. Where trenches are placed beneath slabs or footings, the
backfill should satisfy the gradation and expansion index requirements of engineered fill
discussed in this report. Flooding or jetting for placement and compaction of backfill is
not recommended. Utility trench backfill compaction should be 95 percent of Standard
Proctor.

Utility trenches are a common source of water infiltration and migration. Utility trenches
penetrating beneath the building should be effectively sealed to restrict water intrusion
and flow through the trenches, which could migrate below the building. The trench
should provide an effective trench plug that extends at least 5 feet from the face of the
building exterior. The plug material should consist of cementitious flowable fill or low
permeability clay. The trench plug material should be placed to surround the utility line.
If used, the clay trench plug material should be placed and compacted to comply with
the water content and compaction recommendations for structural fill stated previously
in this report.

Earthwork Construction Considerations

The weathered limestone will require rock excavation techniques for site grading where
cuts are required, for foundation excavations and for trenching. In this geologic unit, rock
excavation typically requires special equipment such as backhoes with rock teeth, rock
saws, and hoe-rams. Contractor should be prepared to encounter limestone at any depths
at this site. Conventional earthwork equipment can be used for excavation of the
overburden soil.

Based upon the subsurface conditions determined from the geotechnical exploration,
subgrade soils exposed during construction are anticipated to be relatively stable.
However, the stability of the subgrade may be affected by precipitation, repetitive
construction traffic or other factors. If conditions develop, workability may be improved
by scarifying and drying.

Upon completion of filling and grading, care should be taken to maintain the subgrade
water content prior to construction of foundation elements and pavements. 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 areas should be removed. If the subgrade

Facilities | Environmental | Geotechnical | Materials 1
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freezes, desiccates, saturates, or is disturbed, the affected material should be removed,
or the materials should be scarified, moisture conditioned, and recompacted prior to
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.

Shallow Foundations

If the site has been prepared in accordance with the requirements noted in the Pad
Preparation for the Building Addition section, a slab-on-grade foundation with
perimeter grade beam may be considered to support the building at this site provided the
building pad is prepared as recommended in this report. Interior stiffening beam is up to
the Structural Engineer. Parameters commonly used to design this type of foundation are
provided on the table below. The slab foundation design parameters presented in the table
are based on conventional methods and the criteria published by the Wire Reinforcement
Institute (WRI).

Design Parameters - Slab on Grade

Conventional Method Parameters Value for Prepared Subgrade
Soil: 2,500 psf

Net Allowable Bearing Pressures 1/ 2
9 Limestone: 8,000 psf

Subgrade Modulus (k) 100 pci
Potential Vertical Rise (PVR) 2 inch or less
WRI Method Parameters

Design Plasticity Index (PI) 15
Climatic Rating (Cw) 17

Soil — Climate Support Index (1-C) 0.05

1. The net allowable bearing pressure includes a factor of safety of 3. The allowable bearing
pressure may be increased by up to one-third for wind or seismic loads

2. Foundations should preferably bear either in all soil or rock. If they bear in two different
stratum, the lower bearing pressure should be used for design.

Facilities | Environmental | Geotechnical | Materials 12
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We recommend that exterior grade beams be at least 30 inches below the finished exterior
grade or 6 inches into limestone whichever is shallower. Interior grade beams (if any)
should be designed by the Structural Engineer to bear 24 inches below the FFE or 6 inches
into the limestone. These recommendations are for a proper development of bearing
capacity for the continuous beam sections of the foundation system and to reduce the
potential for water to migrate beneath the slab foundation. These recommendations are
not based on structural considerations. Grade beam depths may need to be greater than
recommended herein for structural considerations and should be properly evaluated and
designed by the Structural Engineer. The grade beams or slab portions may be thickened
and widened to serve as spread footings at concentrated load areas.

For a slab foundation system designed and constructed as recommended in this report,
post construction settlements should be about 1 inch. 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 pad and foundation.

The use of a vapor retarder should be considered beneath concrete slabs-on-grade that
will be covered with wood, tile, carpet or other moisture sensitive or impervious coverings,
or when the slabs will support equipment sensitive to moisture. When conditions warrant
the use of a vapor retarder, the slab designer and slab contractor should refer to ACI 302
for procedures and cautions about the use and placement of a vapor retarder.

Design Parameters — Spread Footings

Item Description
Maximum Net Allowable Bearing Soil: 3,000 psf
Pressure '’ ? Limestone: 10,000 psf

P ETiE e Inte 3 Undisturbed native soils or 6 inches into the

limestone.
Minimum Embedment below Finished Soil: 36 inches
Grade © Limestone: 6 inches
Minimum Foundation Dimensions 30 inches
Allowable Passive Resistance”

200 psf
(equivalent fluid pressures)
Sliding Resistance, Coefficient of
. .. 5 0.30
friction
Estimated Total Settlement from
About 1 inch

Structural Loads 2
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Item Description

Estimated Differential Settlement 27 About - of total settlement

1. The maximum net allowable bearing pressure is the pressure in excess of the
minimum surrounding overburden pressure at the footing base elevation. The
net allowable bearing pressure provided above include a factor of safety of at
least 3. Foundations should preferably bear either in all soil or rock. If they bear in two
different stratum, the lower bearing pressure should be used for design

2. Values provided are for maximum loads noted in Project Description. Additional
geotechnical consultation will be necessary if higher loads are anticipated.

3. Unsuitable or soft soils should be overexcavated and replaced per the recommendations
presented in Earthwork.

4. Use of passive earth pressures require the sides of the excavation for the spread footing
foundation to be nearly vertical and the concrete placed neat against these vertical faces
or that the footing forms be removed, and compacted structural fill be placed against the
vertical footing face. Assumes no hydrostatic pressure. The passive pressure provided
above include a factor of safety of at least 2.

5. Can be used to compute sliding resistance where foundations are placed on suitable
soil/materials.

6. Embedment necessary to minimize the effects of surficial desiccation cracks and erosion.
For sloping ground, maintain depth below the lowest adjacent exterior grade within 5
horizontal feet of the structure.

7. Differential settlements are noted for equivalent-loaded foundations and bearing elevation
as measured over a span of 50 feet.

Foundation Construction Considerations

As noted in Earthwork, the footing or grade beam excavations should be evaluated under
the observation 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.

Sensitive soils exposed at the surface of footing excavations may require surficial
compaction with hand-held dynamic compaction equipment prior to placing structural fill,
steel, and/or concrete. Should surficial compaction not be adequate, construction of a
working surface consisting of either crushed stone or a lean concrete mud mat may be
required prior to the placement of reinforcing steel and construction of foundations.

If unsuitable bearing soils are observed at the base of the planned footing excavation, the
excavation should be extended deeper to suitable soils, and the footings could bear
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directly on these soils at the lower level or on lean concrete backfill placed in the
excavations. The lean concrete replacement zone is illustrated on the sketch below.

DESIGN
FOOTING LEVEL &

LEAN
CONCRETE

RECOMMENDED @
EXCAVATION LEVEL

LEAN CONCRETE BACKFILL

NOTE: EXCAVATIONS ARE SHOWN VERTICAL; HOWEVER, THE
SIDEWALLS SHOULD BE SLOPED AS NECESSARY FOR SAFETY

Overexcavation for structural fill placement below footings should be conducted as shown
below. The overexcavation should be backfilled up to the footing base elevation, with
imported fill placed, as recommended in the Earthwork section.

DESIGN
FOOTING LEVEL @

STRUCTURAL D
FILL

RECOMMENDED @ =i
EXCAVATION LEVEL

OVER-EXCAVATION / BACKFILL ZONE

NOTE: EXCAVATIONS ARE SHOWN VERTICAL; HOWEVER, THE
SIDEWALLS SHOULD BE SLOPED AS NECESSARY FOR SAFETY

Lateral Earth Pressures

New retaining walls may be constructed at the site. Walls with unbalanced backfill levels
on opposite sides should be designed for earth pressures at least equal to those
indicated in the following table. Earth pressures will be influenced by structural design of
the walls, conditions of wall restraint, methods of construction and/or compaction and
the strength of the materials being restrained. Two wall restraint conditions are shown.
Active earth pressure is commonly used for design of free standing cantilever retaining
walls and assumes wall movement. The "at rest" condition assumes no wall movement.
The recommended design lateral earth pressures do not include a factor of safety and do
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not provide for possible hydrostatic pressure on the walls.
pressure coefficients that may be used to design the wall.

Earth
Pressure
Conditions

Active (Ka)

At-Rest (Ko)

Passive (Kp)

jferracon

T

S = Surcharge

For active pressure movement|
—*‘ (0.002 H to 0.004 H)

For at-rest pressure

Horizontal
Finished
Grade

—p—p—

& - No Movement Assumed

Horizontal
Finished Grade

Retaining Wall

Lateral Earth Pressure Desigh Parameters

Backfill Type

Clean Granular
Lean Clay
Clean Granular
Lean Clay
Clean Granular

Lean Clay

Coefficient

of Earth

Pressure

0.33

0.42

0.46

0.58

3.0

2.4

Applicable conditions to the above include:

Equivalent
Fluid
Density

(pcf)

40
50
55
70

360

288

Lateral
Pressure
due to
Surcharge

(psf)
0.33S
0.42S

0.46S

0.58S

Presented below are earth

Earth
Pressure

(psf)
40H
50H
55H

70H

®  For active earth pressure, wall must rotate about base, with top lateral movements
of about 0.002 H to 0.004 H, where H is wall height.
®  For passive earth pressure to develop, wall must move horizontally to mobilize
resistance.

= Uniform surcharge, where S is surcharge pressure.
®  In-situ soil backfill weight a maximum of 120 pcf.
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®  Horizontal backfill, compacted to 95 percent of standard Proctor maximum dry
density.

= Loading from heavy compaction equipment not included.

®  No hydrostatic pressures acting on wall.

= No dynamic loading.

= No safety factor included in soil parameters.

= Ignore passive pressure in upper 2 feet.

Backfill placed against structures should consist of granular soils or low plasticity
cohesive soils. For the granular values to be valid, the granular backfill must extend out
from the base of the wall at an angle of at least 45 and 60 degrees from vertical for the
active and passive cases, respectively. If it is not possible to construct a wedge of
granular backfill, then a minimum of 12 inches of clean gravel should be placed behind
the wall and the lean clay values presented in the table should be used.

To control hydrostatic pressure behind the wall we recommend that a drain be installed
at the foundation wall with a collection pipe leading to a reliable discharge. If this is not
possible, then combined hydrostatic and lateral earth pressures should be calculated for
lean clay backfill using an equivalent fluid weighing 95 pcf. For granular backfill, an
equivalent fluid weighing 90 pcf should be used. These pressures do not include the
influence of surcharge, equipment or floor loading, which should be added. Heavy
equipment should not operate within a distance closer than the exposed height of
retaining walls to prevent lateral pressures more than those provided.

To calculate the resistance to sliding, a value of 0.3 should be used as the coefficient of
friction between the footing and the underlying soil or select fill. The “active” earth
pressures need to be resisted by the passive earth pressures on the face of the retaining
wall base or a key (if applicable), and by the friction that will develop along the base of
the wall. An allowable (FOS = 2) passive fluid density of 200 pcf may be used on the
vertical face of the retaining wall base and key. Allowable bearing pressure along the
base of the wall should be 2,500 psf for soil and 8,000 psf for Limestone. This bearing
pressure includes a factor of safety against a bearing capacity failure of at least 3.
Allowable bearing pressures are also based on the bearing surface being comprised of
compacted soil that is free and clean of all debris and loose material.

A drainage system is recommended regardless of the backfill used. Weep holes along the front
of, and a drain system located behind, the wall will provide an outlet for water which may
collect in the wall backfill. The wall backfill should drain much more effectively if a granular
material is used behind the wall. The free-draining backfill should be protected from clogging
by surrounding finer-grained soils through use of a geotextile filter fabric. The filter fabric
should prevent the finer-grained materials from infiltration into the interstitial space between
the individual grains of the free-draining backfill.
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It is critical that surface water infiltration be reduced behind the wall. The upper 1 to 2 feet of
backfill should be a clay soil having a Plasticity Index in the range of 25 to 40; or, the backsfill
material should be covered with pavement. This clay soil cap or pavement coupled with
sloping the ground surface away from the wall will help to reduce infiltration of surface water
into the backfill. The clay soil should be at least 12 inches in thickness and compacted to at
least 95 percent of the maximum dry density as evaluated by the ASTM D 698 test method.
The clay should be moisture conditioned between 0 and +4 percentage points of the optimum
moisture content.

Pavements

Both flexible and rigid pavement systems may be considered for the project. Based on our
knowledge of the project, we anticipate that traffic loads will be produced primarily by automobile
traffic, delivery and trash removal trucks.

Subgrade Preparation

Prior to construction, any vegetation, loose topsoil and any otherwise unsuitable materials
should be removed from the new pavement areas. After stripping, the subgrade should be
proof-rolled where possible to aid in locating loose or soft areas. Proof-rolling can be
performed with a fully loaded dump truck. Wet, soft, low-density or dry material should
either be removed or moisture conditioned and recompacted to the moisture contents and
densities described in section Fill Placement and Compaction Requirements prior to
placing fill.

Design Recommendations

For this project Light and Heavy pavement section alternatives have been provided. Light is for
areas expected to receive only car traffic. Heavy assumes areas with heavy traffic, such as trash
pickup areas, delivery areas and main access drive areas.

The flexible pavement section was designed in general accordance with the National
Asphalt Pavement Association (NAPA) Information Series (IS-109) method (Class 1 for
Light and Class 2 for Heavy). The rigid pavement section was designed using the American
Concrete Institute (ACI 330R-01) method (Traffic Category A (ADTT=1) for Light and A-1
(ADTT=10) for Heavy). If heavier traffic loading is expected, Terracon should be provided with
the information and allowed to review these pavement sections.
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FLEXIBLE PAVEMENT SYSTEM (inches)

Components
Light Duty Heavy Duty
Hot Mix Asphaltic Concrete 2.0 3.0
Granular Base Material 10.0 14.0
Moisture Conditioned Subgrade 6.0 6.0
RIGID PAVEMENT SYSTEM (inches)
Components
Light Duty Heavy Duty
Reinforced Concrete 5.0 6.0
Moisture Conditioned Subgrade 6.0 6.0

Pavement areas that will be subjected to heavy wheel and traffic volumes, such as waste
bin or "dumpster" areas, entrance/exit ramps, and delivery areas, should be a heavy-duty
rigid pavement section constructed of reinforced concrete. The concrete pavement areas
should be large enough to properly accommodate the vehicular traffic and loads. For
example:

m  The dumpster pad should be large enough so that the wheels of the collection truck
are entirely supported on the concrete pavement during lifting of the waste bin;
and

m The concrete pavement should extend beyond any areas that require extensive
turning, stopping, and maneuvering.

m The pavement design engineer should consider these and other similar situations
when planning and designing pavement areas. Waste bin and other areas that are
not designed to accommodate these situations often result in localized pavement
failures.

Pavement Section Materials

Presented below are selection and preparation guidelines for various materials that may
be used to construct the pavement sections. Submittals should be made for each
pavement material. The submittals should be reviewed by the Geotechnical Engineer and
appropriate members of the design team and should provide test information necessary
to verify full compliance with the recommended or specified material properties.
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Hot Mix Asphaltic Concrete Surface Course - The asphaltic concrete surface
course should be plant mixed, hot laid Type C or D Surface. Each mix should meet
the master specifications requirements of TXDOT SS 3076 and specific criteria for
the job mix formula.

Concrete - Concrete should have a minimum 28-day design compressive strength
of 4,000 psi.

Granular Base Material - Base material may be composed of crushed limestone
base meeting all of the requirements of 2024 TxDOT Item 247, Type A, Grade 1-2;
including triaxial strength. The material should be compacted to at least 95 percent
of the maximum dry density as determined in accordance with ASTM D 1557 at
moisture contents ranging from -2 and +3 percentage points of the optimum
moisture content.

Moisture Conditioned Subgrade - The subgrade should be scarified to a depth
of 6 inches and then moisture conditioned and compacted as recommended in the
Compaction Requirements section of this report.

Details regarding subgrade preparation, fill materials, placement and compaction are

presen

ted in Earthwork section under subsections Fill Material Types and Fill

Placement and Compaction Requirements.

Pavement Joints and Reinforcement

The fol
ACI 33

lowing is recommended for all concrete pavement sections in this report. Refer to
0 “Guide for Design and Construction of Concrete Parking Lots” for additional

information.

Distributed Reinforcing

Steel

Item Description

No. 3 reinforcing steel bars at 18 inches on-center-
each-way, Grade 60.

It is imperative that the distributed steel be
positioned accurately in the pavement cross section,
namely 2 inches from the top of the pavement.

12.5 feet each way for pavement thickness of 5 to
5.5 inches.
15 feet each way for pavement thickness of 6 inches

Contraction Joint Spacing

or greater.
Saw cut control joints should be cut within 6 to 12
hours of concrete placement.

Contraction Joint Depth At least ¥4 of pavement thickness.
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Item Description

Contraction Joint Width One-fourth inch or as required by joint sealant
manufacturer.

To attempt to limit the quantity of joints in the
pavement, consideration can be given to installing
construction joints at contraction joint locations,
where it is applicable.

Construction Joint Spacing

Full depth of pavement thickness. Construct sealant
reservoir along one edge of the joint. Width of
reservoir to be ¥ inch or as required by joint sealant
manufacturer. Depth of reservoir to be at least ¥ of
pavement thickness.

Construction Joint
Depth/Width

Isolation Joint Spacing As required to isolate pavement from structures,

etc.

Isolation Joint Depth
Full depth of pavement thickness.

Isolation Joint Width 2 to 1 inch or as required by the joint sealant
manufacturer.

In this locale, drying shrinkage of concrete typically
significantly exceeds anticipated expansion due to
thermal affects. As a result, the need for expansion

Expansion Joint joints is eliminated provided all joints (including saw
cuts) are sealed. Construction of an unnecessary
joint may be also become a maintenance problem.
All joints should be sealed. If all joints, including
sawcuts, are not sealed then expansion joints should
be installed.

All construction joints have dowels. Dowel information varies with pavement thickness
as presented as follows:

5 inches 6 inches
Parameter
% inch diameter 3% inch diameter
Dowels
12 inch n
. inches o 12 inches on center
Dowel Spacing center
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Dowel Length 12 inches long 14 inches long

Dowel Embedment 5 inches 6 inches

Pavement Drainage and Maintenance

Pavements should be sloped to provide rapid drainage of surface water. Water allowed
to pond on or adjacent to the pavements could saturate the subgrade and contribute to
premature pavement deterioration. In addition, the pavement subgrade should be
graded to provide positive drainage within the granular base section.

Long-term pavement performance will be dependent upon several factors, including
maintaining subgrade moisture levels and providing for preventative maintenance. The
following recommendations should be implemented to help promote long-term pavement
performance:

m The subgrade and the pavement surface should be designed to promote proper
surface drainage, preferably at a minimum grade of 2 percent.

m Install joint sealant and seal cracks immediately.

m  Extend curbs into the subgrade for a depth of at least 3 inches to help reduce
moisture migration into the subgrade soils beneath the pavement section.

m  Place compacted, low permeability clayey backfill against the exterior side of the
curb and gutter.

m  Slope subgrade in landscape islands to low points should drain to an appropriate
outlet.

m Edge drains are recommended along pavement/ landscape borders.

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.
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
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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 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 affect 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. Construction
and site development have the potential to affect adjacent properties. Such impacts can
include damages due to vibration, modification of groundwater/surface water flow during
construction, foundation movement due to undermining or subsidence from excavation,
as well as noise or air quality concerns. Evaluation of these items on nearby properties
are commonly associated with contractor means and methods and are not addressed in
this report. The owner and contractor should consider a preconstruction/precondition
survey of surrounding development. If changes in the nature, design, or location 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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This is not a cross section. This is intended to display the Geotechnical Model only. See individual logs for more detailed conditions.
Model Layer Layer Name General Description Legend
1 Fal-te(all:ag(;l-l()ci?d Dark Brown, Light Brown; Very Stiff to Hard Fat Clay |:| Lean Clay
Weathered »
Limestone Clayey Gravel
2 Clayey Gravel (GC) Light Brown; Dense to Very Dense
Weathered ; .
3 hoestans Light Brown; Hard

NOTES:

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.
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Attachments
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Exploration and Testing Procedures

Field Exploration

Approximate Boring

Locati
Depth (feet) ocation

Number of Borings

Proposed Building Addition

B-1 th h B- 2
3( throug 3) 0 Area

1 (B-4) 6 Parking Lot Improvements

Boring Layout and Elevations: Terracon personnel provided the boring layout using
handheld GPS equipment (estimated horizontal accuracy of about *10 feet) and
referencing existing site features.

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). Soils were sampled by means of split barrel sampling procedure. In the
split barrel sampling procedure, a standard 2-inch outer diameter split barrel sampling
spoon was driven into the ground by a 140-pound automatic hammer falling a distance of
30 inches. The number of blows required to advance the sampling spoon the last 12 inches
of a normal 18-inch penetration was recorded as the Standard Penetration Test (SPT)
resistance value. The samples were removed from the samplers in the field, visually
classified, and appropriately sealed in sample containers to preserve in-situ moisture
contents. We observed and recorded groundwater levels during drilling, coring and
sampling. For safety purposes, all borings were backfilled with auger cuttings after their
completion.

Our exploration team prepared field boring logs as part of the drilling operations. The
sampling depths, visual classification of the materials encountered, SPT values, pocket
penetrometer readings, other pertinent sampling information were recorded on the field boring
logs.
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Laboratory Testing

Samples retrieved during the field exploration were taken to the laboratory for further
observation by the project geotechnical engineer and were classified in accordance with
the Unified Soil Classification System (USCS) described in this Appendix. At that time,
the field descriptions were confirmed or modified as necessary and an applicable
laboratory testing program was formulated to determine engineering properties of the
subsurface materials.

Laboratory tests were conducted on selected soil samples and the test results are
presented in this appendix. The laboratory test results were used for the development of
foundation and earthwork recommendations. Laboratory tests were performed in general
accordance with the applicable ASTM, local or other accepted standards. Selected soil
samples obtained from the site were tested for the following engineering properties:

m  Moisture Content

m Atterberg Limits

m Percent Passing No.200 Sieve
m Sulfate Tests

Final boring logs that were prepared represented the Geotechnical Engineer's
interpretation of the field logs and include modifications based on observations and tests
of the samples in our laboratory.
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Site Location and Exploration Plans
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Exploration Plan
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See Exploration and Testing Procedures for a description of field and laboratory procedures Water Level Observations Drill Rig
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Notes

Advancement Method
Air Rotary

Abandonment Method
Boring backfilled with auger cuttings upon
completion.

Logged by

M

Boring Started
08-18-2025

Boring Completed
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Boring Terminated at 20 Feet
See Exploration and Testing Procedures for a description of field and laboratory procedures Water Level Observations Drill Rig
used and additional data (If any). No free water observed Track Rig
See Supporting Information for explanation of symbols and abbreviations.
Hammer Type
Automatic
Driller
Rick

Notes

Advancement Method
Air Rotary

Abandonment Method

Boring backfilled with auger cuttings upon

completion.

Logged by

M

Boring Started
08-18-2025

Boring Completed
08-18-2025
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Tye Preston Memorial Library Additions
16311 S. Access Rd | Canyon Lake, TX
Terracon Project No. 90255184

Boring Log No. B-3

i ferracon

6000 Northwest Pkwy Ste 100
San Antonio, TX
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Depth (Ft.) o
LEAN CLAY (CL), dark brown, hard, gravelly
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1
30 | 82 6.3 33.4
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2 / _
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Boring Terminated at 20 Feet
See Exploration and Testing Procedures for a description of field and laboratory procedures Water Level Observations Drill Rig
used and additional data (If any). No free water observed Track Rig
See Supporting Information for explanation of symbols and abbreviations.
Hammer Type
Automatic
Driller
Rick

Notes

Advancement Method
Air Rotary

Abandonment Method

Boring backfilled with auger cuttings upon

completion.

Logged by

M

Boring Started
08-18-2025

Boring Completed
08-18-2025
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Tye Preston Memorial Library Additions

16311 S. Access Rd

| Canyon Lake, TX

Terracon Project No. 90255184

i ferracon

6000 Northwest Pkwy Ste 100
San Antonio, TX

Boring Log No. B-4
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Depth (Ft.) o
7 EAT CLAY (CH),
1 y/ FAT CLAY (CH), dark brown, hard, gravelly 12-50/3" 24.1 53-23-30
1.0
\L\L MARL, light brown, hard
|
| 50/3" 2.0
A\
Al
SN
3 |\L
I
*‘1
50/3" 3.4
A 5
l\l
[/6.0
Boring Terminated at 6 Feet
See Exploration and Testing Procedures for a description of field and laboratory procedures Water Level Observations Drill Rig
used and additional data (If any). No free water observed Track Rig
See Supporting Information for explanation of symbols and abbreviations.
Hammer Type
Automatic
Driller
Rick

Notes

Advancement Method
Air Rotary

Abandonment Method
Boring backfilled with auger cuttings upon
completion.

Logged by

M

Boring Started
08-18-2025

Boring Completed
08-18-2025
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Tye Preston Memorial Library Additions

16311 S. Access Rd | Canyon Lake, TX

Terracon Project No. 90255184

© % b H O

Plasticity Index

i ferracon

6000 Northwest Pkwy Ste 100
San Antonio, TX

Atterberg Limit Results

ASTM D4318
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Liquid Limit

Boring ID Depth (Ft) LL PL PI Fines USCS Description

B-1 2-3.5 30 19 11

B-2 0-1.5 57 25 32

B-3 0-1.5 42 21 21

B-3 45-5.1 30 17 13

B-4 0-0.8 53 23 30
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Tye Preston Memorial Library Additions
16311 S. Access Rd | Canyon Lake, TX
Terracon Project No. 90255184

jferracon

6000 Northwest Pkwy Ste 100
San Antonio, TX

General Notes

Sampling Water Level

Standard
Penetration
Test

Field Tests

N Standard Penetration Test

Water Initially Resistance (Blows/Ft.)

Encountered

Water Level After a (HP) Hand Penetrometer

Specified Period of Time

Bl KK

Water Level After (M Torvane
a Specified Period of Time
Cave In (DCP) Dynamic Cone Penetrometer
Encountered
L . . ucC Unconfined Compressive
Water levels indicated on the soil boring logs are the Strength

levels measured in the borehole at the times indicated.
Groundwater level variations will occur over time. In
low permeability soils, accurate determination of
groundwater levels is not possible with short term
water level observations.

(PID) Photo-Ionization Detector

(OVA) Organic Vapor Analyzer

Descriptive Soil Classification

Soil classification as noted on the soil boring logs is based Unified Soil Classification System. Where sufficient laboratory data exist to classify the soils
consistent with ASTM D2487 "Classification of Soils for Engineering Purposes" this procedure is used. ASTM D2488 "Description and Identification of
Soils (Visual-Manual Procedure)" is also used to classify the soils, particularly where insufficient laboratory data exist to classify the soils in accordance
with ASTM D2487. In addition to USCS classification, coarse grained soils are classified on the basis of their in-place relative density, and fine-grained
soils are classified on the basis of their consistency. See "Strength Terms" table below for details. The ASTM standards noted above are for reference
to methodology in general. In some cases, variations to methods are applied as a result of local practice or professional judgment.

Location And Elevation Notes

Exploration point locations as shown on the Exploration Plan and as noted on the soil boring logs in the form of Latitude and Longitude are
approximate. See Exploration and Testing Procedures in the report for the methods used to locate the exploration points for this project. Surface
elevation data annotated with +/- indicates that no actual topographical survey was conducted to confirm the surface elevation. Instead, the surface
elevation was approximately determined from topographic maps of the area.

Strength Terms

Relative Density of Coarse-Grained Soils

(More than 50% retained on No. 200 sieve.)
Density determined by Standard Penetration Resistance

Standard Penetration or

Relative Density N-Value
(Blows/Ft.)
Very Loose 0-3
Loose 4-9
Medium Dense 10 - 29
Dense 30 -50
Very Dense > 50

Consistency of Fine-Grained Soils

(50% or more passing the No. 200 sieve.)
Consistency determined by laboratory shear strength testing, field visual-manual
procedures or standard penetration resistance

Unconfined Compressive Standard Penetration or

Consistency Strength N-Value
Qu (tsf) (Blows/Ft.)
Very Soft less than 0.25 0-1
Soft 0.25 to 0.50 2-4
Medium Stiff 0.50 to 1.00 5-8
Stiff 1.00 to 2.00 9-15
Very Stiff 2.00 to 4.00 16 - 30
Hard > 4.00 > 30

Relevance of Exploration and Laboratory Test Results

Exploration/field results and/or laboratory test data contained within this document are intended for application to the project as described in this
document. Use of such exploration/field results and/or laboratory test data should not be used independently of this document.
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Geotechnical Engineering Report

Tye Preston Memorial Library Additions | Canyon Lake, Texas
September 4, 2025 | Terracon Project No. 90255184

Unified Soil Classification System

Criteria for Assigning Group Symbols and Group Names Using

Laboratory Tests *

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

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

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

Silts and Clays:
Liquid limit less than
50
Fine-Grained Soils:
50% or more passes the
No. 200 sieve
Silts and Clays:
Liquid limit 50 or
more

Highly organic soils:

@ >

cobbles or boulders, or both” to group name.

Clean Gravels:
Less than 5% fines €

Gravels with Fines:
More than 12% fines €

Clean Sands:
Less than 5% fines P

Sands with Fines:
More than 12% fines P

Inorganic:

Organic:

Inorganic:

Organic:

Based on the material passing the 3-inch (75-mm) sieve.
If field sample contained cobbles or boulders, or both, add “with

€ 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.

o

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 = Deo/D1o Cc= (D

30)

Dm X D60

-

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.

Cu<4 and/or [Cc<1 or Cc>3.0] ©

Fines classify as ML or MH

Fines classify as CL or CH

Cu<6 and/or [Cc<1 or Cc>3.0] ©

Fines classify as ML or MH
Fines classify as CL or CH
PI > 7 and plots above “A” line ?
PI < 4 or plots below “A” line ?

PI plots on or above “A” line

Cu=4 and 1<Cc<3E

Cu=6 and 1<Cc<3F

LL oven dried <
LL not dried ’

PI plots below “A” line

LL oven dried <
LL not dried ’

Primarily organic matter, dark in color, and organic odor

jiferracon

Soil Classification

Group B
Symbol Group Name
GW Well-graded gravel F
GP Poorly graded gravel F
GM Silty gravel 6 H
GC Clayey gravel - 6/ H
SW Well-graded sand *
SP Poorly graded sand *
SM Silty sand & H- T
SC Clayey sand & H/ 1
CL Lean clay ¥ M
ML Silt M
Organic clay ¥ &M N
0.75 oL d y
Organic silt ¥ M. 0
CH Fat clay %™
MH Elastic silt & M
Organic clay ¥ %™ P
0.75 OH d o y
Organic silt ¥ M. Q
PT Peat

HIf 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,”

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.

whichever is predominant.

NPI > 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.

60 I T T T e
For classification of fine-grained |
soils and fine-grained fraction s
. of coarse-grained soils 8. .

50 g S RS
= Equation of “A” - line ENES D
o Horizontal at Pl=4 to LL=25.5. 7
> 40— then PI=0.73 (LL-20) 7 0‘3‘
w
=) Equation of “U” - line // .eso(
= Vertical at LL=16 to PI=7, - ¥
> 30 — then PI=0.9 (LL-8) yta
= s N
O AR )
= AN
@ 20 Qv
_| .~
= o MH or OH

10 yi

S .

g~ A—LL-ML ML or OL

. RN ! | |

0 10 16 20 30 40 50 60 70 20 100 110
LIQUID LIMIT (LL)
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