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1.0 EXECUTIVE SUMMARY

It is planned to reconstruct approximately 4,000-ft linear feet of paving and 4,750-linear feet of drainage
improvements with surface restored along 23™ Street area in Galveston County, Texas. Water, storm
sewer and sanitary sewer lines will be constructed along 23™ Street from Broadway to Seawall
Boulevard. Furthermore, storm sewer lines will be constructed along Avenue K Rear and Avenue N
both from 21% Street to 23™ Street. A site vicinity map is presented on Plate 1. We understand that
either concrete or asphalt pavement will be constructed along 23™ Street from Broadway to Seawall
Boulevard, and Avenue K Rear and Avenue N, both from 21 Street to 23" Street.

The subsoils and groundwater conditions were evaluated by conducting thirteen (13) soil test borings
(B-1 through B-13) along the project alignment to a depth of 16-ft below the existing grade. Results of
our field exploration and engineering analyses are summarized below:

1. In general, based on our field exploration and laboratory testing data, the soil stratigraphy along
the project alignment generally appears to be relatively uniform. The soil stratigraphy along the
project alignment is summarized as follows:

Stratum Range of
No. Depth, ft. Soil Type

ASPHALT PAVEMENT (3.0- to 5.5-inch in thickness)
CONCRETE PAVEMENT (4.0- to 9.0-inch in thickness, except
Borings B-10 and B-11)

I 03-2 FILL: SILTY SAND (SM), light brown, light gray, brown,
brownish yellow, with root fibers to 2°, gravels, shell

II 2-25 SILTY SAND (SM), loose to medium dense, gray to light gray,
dark gray, greenish gray, brown to light brown, dark brown,
brownish yellow, with root fibers to 16, shell, gravels

2. Depth to groundwater will be important for design and construction of the proposed storm

sewers. Water level observations were made during and after about 0.5-hour of drilling. Our
short-term field exploration indicates that groundwater was encountered at depths ranging between
6- to 12-ft during and after 0.5-hour drilling in Borings B-1 through B-13.

3. We understand that open cut excavation construction techniques will be used for the construction
of storm sewers and water lines installations. Furthermore, auguring construction techniques
will be used for sanitary sewer lines installations. The bedding and backfill recommendations for
the construction of the proposed underground utilities are also presented in this report.

4. The bedding and backfill for the underground utilities should be conducted in accordance with
the City of Galveston Standard Specifications, Section 02227 — Excavation and Backfill for
Utilities and Section 02252 — Cement Stabilized Sand for backfill and bedding, respectively.

5. We understand that either concrete pavement or asphalt pavement will be used for this site.
Our recommendations for pavement are presented in Section 8.0 of this report.

Project No. 19-018E 1
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2.0 INTRODUCTION

It is planned to reconstruct approximately 4,000-ft linear feet of paving improvements and 4,750-linear
feet of drainage improvements with surface restored along 23 Street area in Galveston County, Texas.
Water, storm sewer and sanitary sewer lines will be constructed along 23" Street from Broadway to
Seawall Boulevard. Furthermore, storm sewer lines will be constructed along Avenue K Rear and
Avenue N both from 21% Street to 23" Street. A site vicinity map is presented on Plate 1 and A-1 in
Appendix A. We understand that either concrete or asphalt pavement will be constructed. The proposed
alignments for paving improvements and underground utilities are presented on Plate 2. The specific
project information is as follows:

Project Remarks

Paving New concrete or asphalt pavement will be constructed. We understand
that the proposed roadway will be considered as an arterial. 1t will be
designed per City of Galveston pavement details.

Storm Sewer Lines The storm sewer lines will be up to 60-inches diameters. The invert
depth of the storm sewer will be less than 10-ft. We understand the
basic construction techniques for the sewer lines will be open cut.

Water Lines The water lines will be about 6- to 8-inch in diameter. The water lines
will be approximately 5 to 6-feet deep. The basic construction
techniques for the sewer lines will be open cut.

Sanitary Sewer Lines Sanitary sewer lines will be constructed along the proposed alignment.
The sanitary sewer lines will be 6-inch to 30-inch in diameter. The
invert depth of the sanitary lines is not available at the time of this
study. The basic construction techniques for the sanitary sewer lines
will be auguring.

The scope of our work consisted of conducting a geotechnical study for the project alignment and
developing recommendations with respect to design and construction of the pavement and underground
utilities. Furthermore, the proposed paving improvement and underground utilities will be constructed in
accordance to The City of Galveston Specifications (Ref. 1).

This report briefly describes the field exploration and laboratory testing followed by our engineering
analyses and recommendations.

Project No. 19-018E 2
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3.1

3.2

4.1

3.0 FIELD EXPLORATION
Pavement Coring

The existing pavement was cored prior to drilling and sampling. The results of pavement coring
show that the existing pavement consists of asphalt pavement in Borings B-10 and B-11 and
asphalt pavement overlaid concrete pavement in Boings B-1 through B-9, B-12 and B-13. The
existing pavement thicknesses are presented on Plate 3, and respective boring logs, Plates A-4
through A-16 in Appendix A. The pavement core locations were patched with Quickcrete.

Drilling and Sampling

The soil conditions were explored by conducting thirteen (13) borings along the project
alignment. During sampling, locations of the borings were decided based on the discussion with
Ms. Melissa DelLaRosa (City of Galveston representative) and presented in Plate A-2, in
Appendix A. All pavement corings were conducted prior to drilling and sampling. Soil samples
were obtained continuously at each boring location from the ground surface to 16-ft.

Cohesionless soils were generally sampled with a split-spoon sampler driven in general
accordance with the Standard Penetration Test (SPT), ASTM D 1586. This test is conducted by
recording the number of blows required for a 140-pound weight falling 30-inches to drive the
sampler 12-inches into the soil. Driving resistance for the SPT, expressed as blows per foot of
sampler resistance (N), is tabulated on the boring logs.

Soil samples were examined and classified in the field. This data, together with a classification
of the soils encountered and strata limits, is presented on the soil stratigraphy profile, Plate A-3
in Appendix A. The logs of borings are presented on Plates A-4 through A-16 in Appendix A.
A key to log terms and symbols is shown on Plate A-17 in Appendix A.

Depth to groundwater will be important for design and construction of the proposed underground
utility lines. For this reason, borings were drilled dry and the depth at which groundwater was
first encountered, then wet rotary was used to drill for borings B-1 through B-13. Water level
observations made during and 0.5-hr after drilling in the borehole are indicated at the bottom
portion of the individual logs. The boreholes were grouted with non-shrink grout using tremie
method after the completion of the field work.

4.0 LABORATORY TESTS
General

Soil classifications and shear strengths were further evaluated by laboratory tests on
representative samples of the major strata. The laboratory tests were performed in general
accordance with ASTM Standards. Specifically, ASTM D 2487 is used for classification of soils
for engineering purposes. Furthermore, summary of test results is presented in Plates A-18
through A-30 in Appendix A.

Project No. 19-018E 3
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4.2 Classification Tests

As an aid to visual soil classifications, physical properties of the soils were evaluated by
classification tests. The tests were conducted in general accordance with ASTM standards.
These tests consisted of natural moisture content tests (ASTM D 4643), percent finer than the
No. 200 sieve tests (ASTM D 1140). Similarity of these properties is indicative of uniform
strength and compressibility characteristics for soils of essentially the same geological origin.
Results of these tests are tabulated on the boring logs at respective sample depths.

4.3  Soil Sample Storage

Soil samples tested or not tested in the laboratory will be stored for a period of fourteen days
subsequent to submittal of the final report. The samples will be discarded after this period,
unless we are instructed otherwise.

5.0 SITE GEOLOGY

According to the soil survey of Galveston County, Texas (prepared by the U.S. Department of
Agriculture Soil and Conservation Service (1976), geologically the project areas at the proposed project
alignment lies on the soil of BBBX — Bb — Beaches (BBBX). This is in broad, nearly level to undulating,
and nonsaline to extremely saline. It mainly consists of sandy marine deposits and varied amounts of
shell fragments. It is reworked by both the tide and wind. It is barren. The lower areas are inundated
daily by high tides. The higher areas are inundated regularly by spring tides. A high-water table is at or
near the surface throughout the year.

The land area is immediately adjacent to the Gulf of Mexico from the mean tide to the back of the
coastal dunes. The surface is plane in front of the dunes and is undulating within the dune area. The
slopes range from as low as 0.2 percent in the area in front of the dunes to as high as about 15 percent on
the side slopes of a few of the dunes. The mapped areas are long and narrow and range from 10 acres to
about 100 acres.

6.0 GENERAL SOILS AND DESIGN CONDITIONS
6.1 Site Conditions

Currently, the project alignment along Avenue K Rear from 21° Street to 23™ Street is asphalt
pavement, the rest of the project alignments are asphalt pavement overlaying concrete pavement.
In general, the vicinity of the project alignment consists of residential and commercial facilities.
Pictures of the project alignment were taken during our site visit. These pictures are presented
on cover page and Appendix B.

6.2  Soil Stratigraphy

In general, based on our field exploration and laboratory testing data, the soil stratigraphy along
the project alignment generally appears to be relatively uniform. Details of subsoil conditions at
each boring location along the project alignment are presented on the respective boring logs. In
general, the soils can be grouped into two (2) major strata with depth limits and characteristics as
follows:

Project No. 19-018E 4
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Stratum Range of
No. Depth, ft. Soil Description

ASPHALT PAVEMENT OVERLAY (3.0- to 5.5-inch in
thickness)

CONCRETE PAVEMENT (4.0- to 9.0-inch in thickness, except
Borings B-10 and B-11)

I 03-2 FILL: SILTY SAND (SM), light brown, light gray, brown,
brownish yellow, with root fibers to 2°, gravels, shell
II 2-16 SILTY SAND (SM), loose to medium dense, gray to light gray,

dark gray, greenish gray, brown to light brown, dark brown,
brownish yellow, with root fibers to 16°, shell, gravels

* Classification in general accordance with the modified Unified Soil Classification System (ASTM D 2487)
6.3  Soil Properties

Soil strength and how they relate to underground utilities and pavement design are summarized

as follows:
Stratum No. Soil Type #200 Passing SPT Soil Expansivity Remarks
I Fill: Silty Sand (SM) 5-11 — Non-Expansive Moisture Sensitive
II Silty Sand (SM) 6-24 7-28 Non-Expansive Moisture Sensitive

Legend: SPT = Standard Penetration Test

6.4 Water-Level Measurements

The soil borings were first drilled dry to evaluate the presence of perched or free-water
conditions. A wet rotary boring technique was used thereafter to the completion depth of the
boring. The levels where free water was encountered in the open boreholes during and about 0.5-
hour after drilling are shown on the boring logs. Our groundwater measurements are
summarized below:

Boring Numbers (s) Groundwater Depth, ft. Groundwater Depth, ft.
& at the time of Drilling at 0.5 Hour Later
B-2. B-5 through B-7, 6 6
and B-10 through B-13
B-3 7 7
B-1, B-4, and B-8 8 8
B-9 12 12

Fluctuations in groundwater generally occur as a function of seasonal moisture variation,
temperature, groundwater withdrawal and future construction activities that may alter the surface
drainage and subdrainage characteristics of this site.

Project No. 19-018E 5
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7.1

7.2

7.3

An accurate evaluation of the hydrostatic water table in the relatively impermeable clays and low
permeable silts/sands requires long term observation of monitoring wells and/or piezometers. It
is not possible to accurately predict the pressure and/or level of groundwater that might occur
based upon short-term site exploration.

We recommend that GET be immediately notified if a noticeable change in groundwater occurs
from that mentioned in our report. We would be pleased to evaluate the effect of any
groundwater changes on our design and construction sections of this report.

7.0 UNDERGROUND UTILITIES
General

We understand that underground utilities installation along the alignment will include storm
sewers, sanitary sewers and waterlines. The storm sewer lines will be up to 60-inches diameters.
The invert depth of the storm sewer will be less than 10-ft. The water lines will be about 6- to 8-
inch in diameter. The water lines will be approximately 5 to 6-feet deep. We understand the basic
construction techniques for the storm sewer lines and water lines will be open cut. The sanitary
sewer lines will be 6-inch to 30-inch in diameter. The invert depth of the sanitary lines is not
available at the time of this study. We understand the basic construction techniques for the
sanitary sewer lines will be auguring. Furthermore, the proposed underground utilities will be
constructed in accordance to The City of Galveston Specifications (Ref. 1).

Open Excavation Method

For open-trench construction, bedding and backfill for the proposed storm sewer lines and water
lines should be constructed in accordance with the City of Galveston Specifications. Trenches
for the proposed underground utilities must have a width below the top of the pipe of not less
than the outside diameter of the pipe plus 24-inch and shall be wide enough to permit making up
the joints but shall not be wider than the outside diameter of the pipe plus 36-inch.

In general, twelve-inch of bank sand should be placed above the utility lines. Twelve-inch lifts
of bank sand should be placed below the utility lines for dry excavation bottom. In case of wet
excavation bottom, geotextile fabrics should be placed at the excavation bottom and along the
excavation sides to a height of at least 24-inch.

Augering and Augering Pits Method

We understand that augering method may be used for sanitary sewer lines installation. The
augering should be conducted in accordance with the City of Galveston Standard Specifications,
Section 027698 — Pipe Bursting/Crushing Sanitary Sewers. Augering should be started from
approved pit locations. Excavation for pits and shoring installation should conform to the City of
Galveston Standard Specifications, Section 02227 — Excavation and Backfill for Utilities. If the
augering zone is within the cohesionless soils or caving soils, install casing as required by the
City of Galveston Standard Specifications, Section 02315 — Pipe and Casing Augering for
Sewers. The augering near existing structures or utility lines should be conducted in accordance
with the City of Galveston Standard Specification. Diameter of auger hole should not exceed
pipe bell diameter plus 2 inches. The receiving pit distance should conform to the City of
Galveston Standard Specifications.

Project No. 19-018E 6
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7.4

7.5

Storm and Sanitary Sewer Lines

Bedding and backfill for the storm and sanitary sewer lines should be in accordance with the City
of Galveston Specifications, Section 02720 — Storm Sewers , Section 02730 — Gravity Sanitary
Sewers and Section 02731 — Sanitary Sewer Force Main.

The results of our field exploration and laboratory testing indicate that unsatisfactory soils
for excavation, such as silty sand (SM) soils exist in the borings. A summary of the
unsatisfactory soils locations and depths are as follows:

Boring(s) Depth, ft.

B-1 through B-13 0.3to 16

If these conditions are encountered during the time of construction, suitable groundwater control
measures should be implemented in accordance with the City of Galveston Specifications,
Section 01563 — Control of Groundwater and Surface Water. Furthermore, the contractor may
have to over excavate an additional 6 inches and remove unstable or unsuitable materials with
approval by geotechnical engineer, and then place an equal depth of cement stabilized sand.

Due to potential variability of the on-site soils, unstable trench conditions may still exist in the
areas where we did not conduct borings. If these conditions are encountered during the time of
construction, a stable trench should be provided to allow proper bedding and installation.

Sand backfill used in the cement stabilized sand and sand backfill sections should be free of clay
lumps, organic materials, or other deleterious substances, and should have a PI less than 4 for the
cement-stabilized sand and less than 7 for the sand backfill section, and not more than 15%
passing the No. 200 sieve. Cement stabilized sand should conform to the City of Galveston
Specifications, Section 02252 — Cement Stabilized Sand.

Due to the presence of silty sands, relatively shallow groundwater table and corresponding
hydrostatic pressure, the pipe should be restrained against movements by strapping over the pipe.
The straps should be flat and strong enough to withstand the upward flow.

Waterlines

For open-trench construction, bedding and backfill for the proposed waterlines should be
constructed in accordance with the City of Galveston Specifications, Section 02227 — Excavation
and backfill for utilities. Trenches for the proposed waterlines must have a width below the top
of the pipe of not less than the outside diameter of the pipe plus 24-inch and shall be wide
enough to permit making up the joints but shall not be wider than the outside diameter of the
pipe plus 36-inch.

In general, twelve-inches of bank sand should be placed above the waterlines. Twelve-inch lifts
of bank sand should be placed below the waterlines for dry excavation bottom. In case of wet
excavation bottom, geotextile fabrics should be placed at the excavation bottom and along the
excavation sides to a height of at least 24-inch.

Due to the presence of silty sands, relatively shallow groundwater table and corresponding
hydrostatic pressure, the pipe should be restrained against movements by strapping to helical
piles over the pipe. The straps should be flat and strong enough to withstand the upward flow.
Top straps should be connected to helical piles to resist uplift.

Project No. 19-018E 7
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7.6

7.6.1

7.6.2

7.7

7.8

Groundwater Control
General

Our short-term field exploration indicates that groundwater was encountered at the time of
drilling. Therefore, groundwater dewatering will be required. Fluctuations in groundwater can occur
as a function of seasonal moisture variations. Groundwater control recommendations are presented in
the following report sections.

Dewatering Technique

It is our opinion that groundwater should be lowered to a depth of at least three-ft below the
deepest excavation grade in order to provide dry working conditions and firm bedding. Any
minor water inflow in cohesive soil layers can probably be removed using a sump-pump or
trench sump-pump. Wellpoint system can be used in the area where silty sand soils are present.
The selection and proper implementation of an effective groundwater control system is the
responsibility of the contractor. Due to the presence of silty sand soils and the hydrostatic
pressures, blow up may occur if an effective dewatering system is not in place at the time of
construction.

Design of a wellpoint system should consider the amount of groundwater to be lowered and the
permeability of the affected soils. The selection and proper implementation of an effective
groundwater control system is the responsibility of the contractor. The design of groundwater
and surface water should be in accordance with The City of Galveston Specifications, Section
01563 — Control of Groundwater and Surface Water.

OSHA Soil Classifications

The subsoils can be classified in accordance with Occupational Safety and Health Administration
(OSHA) Standards, dated October 31, 1989 of the Federal Register. OSHA classification system
categorizes the soil and rock in four types based on shear strength and stability. The description
of four (4) types in classification system is summarized in the Appendix C

Based on our geotechnical exploration and laboratory test results, details of soil classifications at
each boring are summarized in the OSHA Soil Classification and Trench Safety
Recommendations, presented in Appendix C.

Excavations

An excavation or trench which is five-ft or deeper must be protected by sheeting/bracing shoring
or sloped. Based on soil strength data and OSHA soil classifications, temporary (less than 24
hours) open-trenched, non-surcharged, and unsupported excavations should be made on slopes of
about 1.5(h):1(v). Vertical cuts can be constructed, provided shoring and bracing are used for
the excavation wall stability. Benched excavation can also be used with average slopes of about
1(h):1(v) and steps should not be higher than five-ft. In all cases, excavations should conform to
OSHA guidelines. Flatter slopes may have to be used if large amounts of sand need to be
excavated for deep installations. Specifications should require that no water be allowed to pond
in the excavations. The surface slopes should be protected from deterioration and weathering if
they are to be left open for more than 24 hours.

Project No. 19-018E 8
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7.9

7.10

7.10.1

7.10.2

7.11

7.11.1

Excavations should be performed with equipment capable of providing a relatively clean bearing
area. Excavation equipment should not disturb the soil beneath the design excavation bottom
and should not leave large amounts of loose soil in the excavation.

Lateral Earth Pressures

In the event that open excavations are not used, the proposed underground utilities can be
installed using trench sheeting. The sheeting can be constructed in the form of cantilever
sheeting or with bracing. Lateral earth pressures for each method used are summarized on Plate
4. The trenching and shoring operations should follow OSHA Standards. We recommend a
geotechnical engineer monitor all phases of trench excavation and bracing to assure trench
safety. Furthermore, a letter for trench safety recommendation is provided separately.

Backfilling
Backfilling for Open-Excavation

Sand backfill used in the cement-stabilized sand and sand backfill section should be free of clay
lumps, organic materials, or other deleterious material, and should have a PI less than 4 for
cement-stabilized sand and less than 7 for the sand backfill, and not more than 15% passing the
No. 200 sieve. Cement stabilized sand should conform to The City of Galveston Specifications,
Section 02252 — Cement Stabilized Sand.

Random fill for zones above pipe bedding should be placed in loose lifts not exceeding eight-
inch and compacted to 100% of the natural soil density. This value will be on the order of 95%
of standard density (ASTM D 698) at a moisture content between optimum and +3% of
optimum. These values should be verified by testing during construction.

Backfilling for Auger Pits and Auger Holes

Sand used in backfill sections should be free of clay lumps, organic materials, or other
deleterious substances, and should have a PI less than 7, and not more than 15% passing the No.
200 sieve.

Backfill should be placed in accordance with The City of Galveston Specifications, Section
02227 — Excavation and Backfill for Utilities.

Loads Imposed on Buried Pipes
General

The loads on an underground pipe depend principally upon the weight of overburden soils,
roadway and loads due to surcharges. For design of concrete pressure pipe, linear load due to
overburden can be determined based on the design tables and charts presented in the “AWWA
Manual of Water Supply Practices Concrete Pressure Pipe (AWWA M9)” developed by the
American Concrete Pipe Association. Overburden pressure for the buried pipes at the project
alignments are estimated by using the soil density (y) and the height of the soil over the pipe (H).
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7.11.2 Loads Due to Overburden Pressure

7.11.3

Overburden or prism load for buried pipes is given by the following equation:
P=vyH

Where: P = Load due to weight of soils at depth, psf
v = Total Unit weight of soil, 125 pcf
H = Height of the soil over the pipe, ft

Loadings per linear foot of pipe:

W.= Cq y(Ba)* (Marston Equation)

e

C —
‘ 2ku’
Where: We= Load, pounds per linear foot (1b/ft)
Bd = Trench width (ft)

C, = Load Coefficient

k = Friction angle between backfill and soil
u” = Coefficient of friction between fill material and sides of trench
ku” = for sand = 0.165

Piping System Thrust Restraint

Fittings on underground pipes are subject to thrust forces inherited from the fluid pressure in the
pipe and are directly proportional to the fluid pressure. Unbalance thrust forces will be
developed in pressure pipelines due to changes in direction, cross-sectional areas, or when the
pipe is terminated. These forces may cause joints to disengage if not adequately restrained.
There will be a slight loss of head due to turbulence friction in bends of the pipes. This loss will
cause a pressure change across the bend, but it is usually small enough to be neglected.

The thrust force may require more reaction than is available just from the pipe bearing against
the backfill. In order to prevent intolerable movement and overstressing of the pipe, suitable
buttressing should be provided. In general, thrust blocks, restrained joints and tie rods are
common methods of providing reaction for the thrust restraint design. The thrust restraint design
provisions described in this section are based on the American Water Works Association Manual
M9 (1996)-Concrete Pressure Pipe.

The force diagram shown on Plate 5 illustrates the thrust force generated by flow at a bend in the
pipe. The equations for computing this thrust force are also given on this plate. The values of
thrust force for a surge pressure of 50 psi were computed for a bend angle of 90 degrees. Once
the size of the thrust is determined, a thrust block size can be calculated based on the bearing
capacity of the soil. The area of block required is equal to the thrust force (Ib) divided by the
safe bearing value of the soil (psf). In cohesive soils, the safe bearing value is equal to 2/3 of the
average shear strength of the soil adjacent to the block which includes a factor of safety of 3. We
believe that a factor of safety of 3 is appropriate in order to limit deflections required to mobilize
the passive resistance within tolerable values.
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8.1

For granular soil encountered at this site, a safe bearing value for thrust blocks can be taken as
90% of the effective overburden pressure at the mid height of the thrust block which includes a
factor of safety of 3. The effective overburden pressure can be calculated based on the effective
unit weight of the soil above the mid-height of the thrust block.

Geotechnical design parameters for designing the necessary buttressing are as follows:

v: = Wetunit weight of soil — above water level : 125 pcf
Submerged unit weight of soil — below water level : 60 pcf

c: = Cohesion = 1000 psf (for clay)

¢ . = Angle of internal friction = 30 degrees (for sand)

8.0 PAVEMENT SECTIONS
General

It is planned to reconstruct approximately 4,000-ft linear feet of paving improvements and 4,750-
linear feet of drainage improvements with surface restored along 23rd Street area in Galveston
County, Texas. We understand that either concrete or asphalt pavement will be constructed. The
proposed concrete or asphalt roadway will be considered as a arterial.

The laboratory data indicates that the upper subsoils are classified as silty sand (SM) soils by the
Unified Soil Classification System. These soils have subgrade moduli, k, ranging from 30 to 140
pci and CBR values ranging from 3 to 15.

Based on the subgrade soil properties, the recommended pavement thickness for rigid and
flexible paving is given on Table I on the following page of this report. Our recommendations
were developed on the City of Galveston Design Specifications, dated March 03, 1997 (Ref. 1).

Detailed traffic analysis was not conducted to evaluate the pavement sections in this report. We
recommend that additional studies be conducted to evaluate the proposed pavement traffic
loading. This information can be used to evaluate the required pavement sections. Adequate site
drainage is essential to pavement performance in accordance with design criteria.

It should be noted that our recommendations on subgrade stabilization assume that final paving
grade will be at the top of existing subgrade.  Alternative subgrade stabilization
recommendations will be required if the final subgrade is different from the one assumed in this
report. Actual type and quantity of subgrade stabilization should be determined at the time of
construction when the pavement subgrade has been exposed.
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TABLE |

Rigid Pavement (Protected Corner)

Surface:

Subgrade:

Concrete Pavement

Lime-Fly Ash Stabilized Subgrade

(See Notes 1 and 2, City of Galveston
Design Specification Section 02242)
Compact to 95% of Maximum Standard
Proctor Density (ASTM D 698) at a
moisture content within +2% of optimum

Design Thickness for Arterial, in

7

6

Concrete flexural strength should be at least 570 psi at 28 days. This corresponds to a compressive
strength of 3000 psi at 28 days. The paving should be reinforced with #4 bars at 18-inches on centers
each. Suggested longitudinal and transverse joint spacing for concrete paving is 15-feet. The expansion
joint spacing is approximately 80-feet. Steel used for reinforcements should be grade 60.

Flexible Pavement

Surface:

Base Course:

Subgrade:

NOTES:

Hot-Mix Asphaltic Concrete
(City of Galveston Design Specification
Section 02510)

Crushed Stone

(City of Galveston Design Specification
Section 02231) and compacted to 95% of

of Maximum Standard Proctor Density
(ASTM D 698) at a moisture content between
optimum and +3% of optimum.

Lime-Fly Ash Stabilized Subgrade

(See Notes 1 and 2, City of Galveston
Design Specification Section 02242)
Compact to 95% of Maximum Standard
Proctor Density (ASTM D 698) at a
moisture content within +2% of optimum

1. Reference City of Galveston Design Specifications.

Design Thickness for Arterial, in

3

10

2. Use 2% lime and 8% fly-ash by dry weight to stabilize the upper soils. The application rates will be
approximately 12 pounds of lime and 48 pounds of fly-ash per square yard for eight inches of compacted
thickness.
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8.2

9.1

Subgrade Stabilization

The type of subgrade stabilization for the concrete or asphalt pavement areas will depend on the
final grade elevation. Subgrade preparation in pavement areas should specify compaction of the
upper eight-inches to at least 95% of maximum standard Proctor density (ASTM D 698) at a
moisture content with +2% of optimum. Our field and laboratory tests indicate that the surficial
soils consist of silty sand fill soils. Depending on the type of soils encountered, lime-fly ash
stabilization of the surficial soils should most likely be performed. The upper eight-inches of the
soils should be lime-fly ash stabilized, using 2% lime and 8% fly-ash by dry weight. The
application rates corresponding to these additive amounts would be 12 pounds of lime and 48
pounds of fly-ash per square yard, for eight-inches of compacted thickness. City of Galveston
Specification Section 02242 can be used as a procedural guide for placing, mixing and
compacting lime-fly ash stabilizer and soils.

In the event lime-fly ash is not available, cement can be used to stabilize the subgrade soils.
Subgrade preparation using cement stabilization in pavement areas should specify compaction of
the upper eight-inches to at least 95% of maximum standard Proctor density (ASTM D 698) at a
moisture content between £2% of the optimum value. The ratio of cement to soil will be based
on dry material weight and shall be established by the Geotechnical Engineer in the field to
provide the desired stability. The ratio of cement to soil should be generally about 8% percent
by dry weight. The application rate corresponding to this additive would be 45 pounds per square
yard of six-inches of applications. City of Galveston Specification, Section 02252, can be used
as a procedural guide for placing, mixing and compacting cement stabilized soils.

9.0 CONSTRUCTION CONSIDERATIONS

Site Preparation

The project site has the potential for construction problems related to the surficial layer of
silty sand (SM) fill soils. The surficial silty sand (SM) fill soils could become extremely soft
when wet, and must be stabilized, aerated, or replaced. In the event that the surficial silty sand
(SM) fill soils become wet, they will experience rutting and pumping. Therefore, these soils
should be improved. The depth of the improvement is generally to the bottom of the surficial
granular layer. Our recommendations on subgrade improvements are presented in the
earthwork section of this report. Site preparation for the proposed development should be
conducted in accordance with The City of Galveston Specifications, Section 02105 — Site
Preparations. In general, our recommendations for site preparations in the floor slab and
pavement areas are summarized below:

1. In general, remove all vegetation, tree roots, organic topsoil, existing foundations, paved
areas and any undesirable materials from the construction area. Tree trunks and tree
roots under the floor slabs should be removed to a root size of less than 0.5-inch. We
recommend that the stripping depth be evaluated at the time of construction by a soil
technician.
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2. Any on-site fill soils, encountered in the structure and pavement areas during
construction, must have records of successful compaction tests signed by a licensed
professional engineer that confirms the use of the fill and record of construction and
earthwork testing. These tests must have been performed on all the lifts for the entire
thickness of the fill. In the event that no compaction test results are available, the fill
soils must be removed, processed and recompacted in accordance with our site
preparation recommendations. Excavation should extend at least two-feet beyond the
structure and pavement area. Alternatively, the existing fill soils should be tested
comprehensively to evaluate the degree of compaction in the fill soils.

3. The subgrade areas should then be proofrolled with a loaded dump truck or similar
pneumatic-tired equipment with loads not be less than 25-tons. The proofrolling serves
to compact surficial soils and to detect any soft or loose zones. The proofrolling should
be conducted in accordance with The City of Galveston Specifications. Any soils
deflecting excessively under moving loads should be undercut to firm soils and
recompacted. Any subgrade stabilization should be conducted after site proofrolling is
completed and approved by the geotechnical engineer. The proofrolling operations
should be observed by an experienced geotechnician.

4. The backfill soils in the trench/underground utility areas and tree root excavation areas
should consist of selected structural fill, compacted per City of Galveston Specifications.
In the event of compaction difficulties, the trenches should be backfilled with cement-
stabilized sand or other materials approved by the geotechnical engineer. Due to high
permeability of sands and potential surface water intrusion, bank sands should not be
used as backfill material in the trench/underground utility areas and tree root excavation
areas.

5. In cut areas, the soils should be excavated to grade and the surface soils proofrolled and
scarified to a minimum depth of six-inch and recompacted to the previously mentioned
density and moisture content.

6. Positive site drainage should be developed at the beginning of the project to limit
construction difficulties with wet surface soils.

9.2  Suitability of On-Site Soils for Use as Fill

9.2.1 General
Fill requirements should be in accordance with The City of Galveston Specifications Section
02226 —Excavation and Backfill for Structures, Section 02227 — Excavation and Backfill for
Utilities and Section 02229 — Utility Backfill Materials. The on-site soils can be used as fill
materials as described in the following report sections.

9.2.2 Select Structural Fill
This is the type of fill that can be used for the underground utilities. These soils should consist
of lean clays, free of root organics, with plasticity indices between 7 and 20 and amount of
passing No. 200 sieve greater than 50 percent.
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9.2.3 Structural Fill

This type does not meet the Atterberg limit requirements for select structural fill. This fill should
consist of lean clays or fat clays. They can be used for the underground utilities backfill after
treatment.

9.2.4 General Fill

This type of fill consists of sands and silts. These soils are moisture sensitive and are difficult to
compact in a wet condition (they may pump). These soils can be used as structural fill with the
understating that they can erode easily and if they get wet, they are difficult to compact (they
may pump). These soils can result in a perched water table. The owner and the civil engineer
must be aware of these potential issues.

9.2.5 On-Site Fill Soil Classification

Based on Borings B-1 and B-2, the on-site soils can be used as fill materials as described below:

Use as Fill
Stratum Select Structural General
No.» Soil Type Structural Fill Fill Fill Notes
I Fill: Silty Sand (SM) - v v 2,3
11 Silty Sand (SM) — v v 2,3

Notes:

1. See soil stratigraphy and design conditions sections of this report for strata description.

2. All fill soils should be free of organics, roots, etc.

3. The on-site cohesionless soils are moisture sensitive and erode easily. These soils will pump
when they get wet. Compaction difficulties will occur in these soils in a wet condition.

9.3  Surface Water Drainage

In order to minimize pounding of surface water, site drainage should be established early in
project construction so that this condition will be controlled.

94 Earthwork
9.4.1 General

Difficult access and workability problems will most likely occur in the surficial silty sand
fill soils due to poor site drainage, wet season, or site geohydrology. Considering the soils
stratigraphy, the construction of this project should be conducted during the dry season to avoid
major earthwork problems. The subgrade soils should be improved if they become wet and
experience pumping problems. This condition can be improved by (a) opening up to dry up, (b)
mixing cohesionless soils with cohesive soils, (¢) improving drainage, (d) removing and
replacing with dry cohesive soils or (e) chemically modifying or stabilizing the soils. These
alternatives are discussed in the following report sections.
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94.2.

9.4.3.

9.4.4.

9.4.5.

9.4.6.

Improving Drainage

The project site drainage in the pumping soils can be accomplished by placing several shallow
bleeder ditches (about 18-inches +) in the surficial cohesionless soils. These bleeder ditches
should be directed to a low area, such as a hole (detention pond) or another ditch in the lowest
elevation area of the site. This will allow the surficial soils to drain the water and make the
drying process faster. The hole/low area should not be under the building areas. The excess
water can be pumped out of the hole and moved off-site.

Subgrade Drying

The on-site wet soils can be opened up so that it would dry up. However, opening up the
surficial cohesionless soils for drying purposes may not be practical, due to cyclic rainfall in the
Gulf-Coast area.

Soil Mixing

The on-site cohesionless (sands Strata I and II) soils can be mixed with cohesive soils to reduce
subgrade pumping. The soils can come from imported in. GET can do a mix design to come up
with soil mix percentages, if this option is considered.

Removal and Replacement

The surficial cohesionless soils can be removed and replaced with select structural fill. The
actual depth of removal and replacement should be evaluated in the field, but it can be whole
thickness of surficial cohesionless soils. This procedure will include removal of the surficial
cohesionless soils, proofrolling and compacting the subgrade cohesive soils to a minimum of 95
percent standard Proctor density (ASTM D 698). The site can then be backfilled with select
structural fill, compacted to a minimum of 95 percent of standard Proctor density. The
proofrolling should be in accordance with the site preparation section of this report. All of the
fill soils should be placed and tested in accordance with the site preparation section of this report.

Modification/Stabilization

We recommend that the on-site cohesionless soils be modified (to dry up), using 5 to 10 percent
fly ash by dry weight. The fly ash stabilization should be in accordance to City of Galveston
Standard Specification, 02242 — Lime/Fly Ash Stabilized Subgrade. The estimated amounts of
fly ash per depth of modification are as follows:

Fly Ash Weight Range,
Modification Ibs. per Square Yard

Depth, in. 5% 10%
6 23 45
12 46 90
18 69 135
24 92 180
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9.5

We recommend that five percent fly ash be used if the surficial soils are relatively moist at the
time of application. Higher levels (10 percent) of fly ash should be used if wet and soggy
subgrade soils are encountered.

The subgrade soils should be removed to a depth of 24-inch (or more) below existing grade.
These soils should be stockpiled. The soils below a depth of 24-inch should be modified to a
depth of 12-inch. These soils should be compacted to a minimum of 95 percent of standard
Proctor density (ASTM D 698). The stockpiled soils should then be modified and replaced in
six-inch lifts and compacted to 95 percent of maximum dry density as determined by ASTM D
698 at moisture contents within £2 percent of optimum.

Due to poor drainage and the depth of the cohesionless soils, the depth of stabilization may be as
deep as depth of cohesionless soils. A test section can be implemented for this purpose. The
subgrade soils should be modified in six-inch lifts and compacted within four hours of mixing
and placement. All of the subgrade soils should be compacted to a minimum of 95 percent of the
standard Proctor density at the moisture content with optimum. The degree of compaction for
the lifts, below a depth of 24-inch can be relaxed to 90 percent of maximum dry density to ease
the construction procedures.

The subcontractor who will be doing the subgrade modification or stabilization should be
experienced with stabilization procedures and methods. Furthermore, all of the earthwork at this
project should be monitored by our geotechnician to assure compliance with the project
specifications.

Once the subgrade is constructed, the soils at the top of subgrade should be slicked and the
subgrade needs to be crowned such that the all surface water would drain away. No low areas
should be left within the subgrade areas, since these areas would hold water and destroy the
subgrade structure.

Construction Surveillance

Construction surveillance and quality control tests should be planned to verify materials and
placement in accordance with the specifications. The recommendations presented in this report
were based on a discrete number of soil test borings. Soil type and properties may vary across
the site. As a part of quality control, if this condition is noted during the construction, we can
then evaluate and revise the design and construction to minimize construction delays and cost
overruns. We recommend the following quality control procedures be followed by a qualified
engineer or technician during the construction of the facilities:

o Monitor all phases of trench safety (if trench is used).

o] Observe the site stripping and proofrolling.

(o] Verify the type, depth and amount of stabilizer.

o Verify the compaction of subgrade soils and backfill soils.

o Evaluate the quality of fill and monitor the fill compaction for all lifts.
(o} Monitor and test the excavations for strength, cleanness, depth, size, etc.

o Observe all excavation operations.
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10.0 RECOMMENDED ADDITIONAL STUDIES

This report has been based on assumed conditions/characteristics of the proposed development where
specific information was not available. It is recommended that civil engineer along with any other
design professionals involved in this project carefully review these assumptions to ensure they are
consistent with the actual planned development. When discrepancies exist, they should be brought to
our attention to ensure they do not affect the conclusions and recommendations provided herein. We
recommend that GET be retained to review the plans and specifications to ensure that the geotechnical
related conclusions and recommendations provided herein have been correctly interpreted as intended.

11.0 STANDARD OF CARE

The recommendations described herein were conducted in a manner consistent with the level of care and
skill ordinarily exercised by members of the geotechnical engineering profession practicing
contemporaneously under similar conditions in the locality of the project. No other warranty or
guarantee, expressed or implied, is made other than the work was performed in a proper and
workmanlike manner.

120 REPORT DISTRIBUTION

This report was prepared for the sole and exclusive use by our client and owner, based on specific and
limited objectives. All reports, boring logs, field data, laboratory test results, maps and other documents
prepared by GET as instruments of service shall remain the property of GET. GET assumes no
responsibility or obligation for the unauthorized use of this report by other parties and for purposes
beyond the stated project objectives and work limitations.

13.0 REFERENCE

l. “City of Galveston Specifications”, City of Galveston.
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PROPOSED ALIGNMENTS AND BORING NUMBERS FOR 23f° STREET RECONSTRUCTION
FROM BROADWAY AVENUE J TO SEAWALL BOULEVARD
GALVESTON COUNTY, TEXAS

Alignment Boring No. From To

23" Street B-1 through B-9 Broadway Avenue J Seawall Boulevard
Avenue K Rear B-10 and B-11 23" Street 21% Street

Avenue N B-12 and B-13 23" Street 215 Street
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EXISTING PAVEMENT THICKNESS

Pavement Thickness, inches
Boring Locations Asphalt Concrete
B-1 6 4
B-2 3 4
B-3 3 4
B-4 3 4
B-5 3 4
B-6 4 6
B-7 55 9
B-8 5 4
B-9 5.5 4
B-10 4 -
B-11 4 -
B-12 3 5.5
B-13 3 4.5
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LATERAL EARTH PRESSURE DIAGRAM

q, surcharge load
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Legend:
Braced Excavation (stiff clays)

* xRk xkkxx %k x Braced Excavation (sands)
--------------- Cantilivered sheeting

Active Pressure:
@) Braced Excavation (stiff clays) = 0.5q + 30H + 62.4H
(b) Braced Excavation (sands) = 0.4q + 18H + 62.4H
(c) Cantilivered sheeting = 0.7q + 42H + 62.4H

where: g = surcharge load, psf
H = wall height, ft.

Notes:

1. The above Active Pressure Equations account for the
groundwater at the surface.

2. The final lateral pressures should be reviewed prior to
construction.

3. Trench excavation and construction should be observed
by a geotechnical engineer.

4, The means and methods for a safe excavation is the

responsibility of the contractor.
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THRUST FORCES ACTING ON BEND

[
PA ——>

Tx =PA (1-cos 0)
Ty=PAsin 0
T =2PAsin 6/2

A = (90 - 6/2)

Where:

T = Resultant Thrust Force on the Bend

Tx = Component of Thrust Force in X-Direction
Ty = Component of Thrust Force in Y-Direction
P = Maximum Sustained Pressure

A = Pipe Cross Sectional Area

6 = Bend Deflection Angle

V = Fluid Velocity

A = Angle between T and X-axis
D = Inside Diameter of the Pipe

Sample Calculation:

Given P =50 psi, D = 12-inch
A = nd?/4 = 113.1 in?

For 6 = 90°

T=2PAsin0/2=2*50*113.1 *sin (90/2) = 7997.4 Ib = 7.99 kips
Tx=PA (1-cos0)=50*113.1* (1 - cos 90°) = 5.66 kips

Ty =PAsin6=50*113.1 * sin 90° = 5.66 Kips
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APPENDIX A

Plate
Site Vicinity Map A-1
Plan of Borings A-2
Soil Stratigraphy Profile A-3
Logs of Borings A-4 - A-16
Key to Log Terms and Symbols A-17
Summary of Laboratory Test Results A-18 - A-30
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PLAN OF BORINGS (boring dimensions and locations are approximate) NORTH
PROJECT: Geotechnical Study 23™ Street Reconstruction from Broadway Avenue J to Seawall Boulevard
Galveston County, Texas
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QVvM2 18-018E GPJ OVM.GDT 8/8/19

LOG OF BORING NO. B -1 Sheet 1 of 1

Geotech Englneermg and Testing
17407 US Highway 59

PROJECT: G/S for 23rd Streel Reconsiruction From Broadway to Seawall Boulevard
LOCATION: Galviston County, TX

Egﬂ;'iﬁk' Houston, Texas 77396 PROJECT NO: 19-018E  STATION NO.
RS Phone: 713-699-4000 Fax: 713-699-9200 DATE: 6-15-19 COMPLETION DEPTH: 16.0 ft
z — UNDRAINED SHEAR STRENGTH,
w R | ] -3 tsf
4 < | ® | = = 5 E
ws e =IO (R (I 5 |5y 5 2l e A HAND PENETROMETER
=138 |3 |a HHEE IR ERHE
AEF Y DESCRIPTION 25123 | 2 |E3| 5|54 3| £ |1 romme
» Q = 1= -4 Ea =
ul ;3 s|e 5 %t'cz) 3 % = §g S |Z | 2| £ | @ UNCONFINED COMPRESSION
i ;0 S22 = § z | g § (O UNCONSOLIDATED-UNDRAINED
ELEVATION: Existing Grade z a ol /| « TRIAKIAL .
05 10 15 20 25
. ASPHALT PAVEMENT (6" in
»« \[\thickness)
- CONCRETE PAVEMENT (4" in
thickness)
S FILL: SILTY SAND (SM), light gray, 1 8
B T T TR Alight brown, with root fibers to 2'
“| M SILTY SAND (SM), loose, light brown,
= Bl gray, with root fibers to 4'
10 gl 15
| 1417] - medium dense, brown 4' to 16'
5 X
ul ] 22
: L] - with gravels 6' to 8'
NIRRT : X 17
X L
| 16 i ; X 26 13
10
Y X 24
| 20 26
15—
14 28
20- ———
WATER OBSERVATIONS: DRY AUGER: o TO ft DRILLED BY: GET (T)
¥ : WATER ENCOUNTERED AT 8.0 ft. DURING DRILLING WET ROTARY: 8 _ TO _16_ft LOGGED BY. Victor

Y . WATER DEPTH AT 8.0 ft. AFTER 0.5-HOUR

GEOTECH ENGINEERING & TESTING

PLATE A4



OVM2 19-01BE GPJ OVM GDT 8/8/19

LOG OF BORING NO. B-2

PROJECT: G/S for 23rd Streel Reconstruction From Broadway to Seawall Boulevard

Sheet 1 of 1

Y : WATER DEPTH AT 6.0 ft. AFTER 0.5-HOUR

- Geotech Engineering and Testing
= 17407 US Highway 58 LOCATION: Galvestan Counly, TX
GEOTECHE  Houston, Texas 77396 PROJECT NO.: 19-018E  STATION NO.:
o e Phone: 713-698-4000 Fax: 713-699-9200 | pare: g45.19 COMPLETION DEPTH: 16.0 ft
iz =N UNDRAINED SHEAR STRENGTH, .
w R |lo Q [ tsf
14 o ES = [ % D
Wy 2ol = N | BY T | 2| @ | A HANDPENETROMETER
= 38| g | 3[4 R N ER L
AEF IR DESCRIPTION SEI1Z |2 |2 |Sa| & |2y G| T | Torvme
a ;g 2@ |8 5% g (Z g gg = ga = | 2 | @ UNCONFINED COMPRESSION
5 | E°|5 |2 |2 |5° 21z | 81 % | o unconsoupaTED-UNDRAINED
ELEVATION: Existing Grade Z g ol « TRIAXIAL
05 10 15 20 25
8 B | ASPHALT PAVEMENT (3" in
M\ ihickness)
= \CONCRETE PAVEMENT (4" in
thickness) |
FILL: SILTY SAND (SM), light gray,
N “TTRINlight brown
i SILTY SAND (SM), loose, brown, light
- L\ gray
7 s 19 12
- 1] | - medium dense 4' to €', gray 4' to 16'
. 1
11 A X 10
y | |E
| s 4 X 26
17 X 25
10_ (] ]
- medjum dense 10' to 12
| 14 21
17 25 6
15+
6 27
20~ S —
WATER OBSERVATIONS: DRY AUGER: 0 TO f DRILLED BY: GET (T)
¥ : WATER ENCOUNTERED AT 6.0 ft. DURING DRILLING WET ROTARY: 6 __ TO _16_ft LOGGED BY: Victor

GEOTECH ENGINEERING & TESTING

PLATE A-5



OVM2 18-018E.GPJ OVM.GDT 8/8/1S

LOG OF BORING NO. B-3

Sheet 1 of 1

PROJECT: G/S for 23 Street Reconstruction From Broadway to Seawall Boulevard

- Geotech Engineering and Testing
= 17407 US Highway 59 LOCATION: Galveston County, TX
CEDOTECHE  Houston, Texas 77396 PROJECT NO: 1$-018E  STATION NO.
= TRETG Phone: 713-699-4000 Fax: 713-699-9200 | pare. 61519 COMPLETION DEPTH: 16.0 ft
z . UNDRAINED SHEAR STRENGTH,
& = a\e © ) 8 l&‘- tsf
Wy e =T I e I T T 1 2| o | A HAND PENETROMETER
= |2o| E a2 | n | = = a |ae@| ~ |92 a z
=138 |3 |4 o2 |2 |2 |&2| & |E | 3| 2 | W Torvane
£ 58 ; g S DESCRIPTION s5| 3 S rlegl z |23 S <
u ;é s|2 |8 %% % 2 < g; % %n Lz: 2 | @ UNCONFINED COMPRESSION
= E9 S| a |2 |5% 3|2 | 8| & | O UNCONSOLIDATED-UNDRAINED
ELEVATION: Existing Grade 2 a S o TRIAXIAL
05 10 15 20 25
0 | ASPHALT PAVEMENT (3" in
Aonr .\\thickness)
E \CONCRETE PAVEMENT (4" in
thickness) g
FILL: SILTY SAND (SM), brown, light
- \brown, with root fibers to 2'
{4 SILTY SAND (SM), medium dense,
_ K4 brown, light brown, with root fibers to &'
11 o e 18
- F117] - loose, light gray 4' to 6', dark gray 4'
1.1 to16'
8 aal 1 19
[ 12 X 23
- {"1'1"] - loose 8'to 12", gray 6' to 16'
19 X 28
10+ i , . ,
1 - with shell 10" to 12
1 s : | X 26 16
1 el
i | - loose 14' to 16'
15—
6 26
20- —
WATER OBSERVATIONS: N . EEEReT
¥ © WATER ENCOUNTERED AT 7.0 ft. DURING DRILLING WET ROTARY: 7 _ TO _16_ft.  LOGGED BY: Victor

V- WATER DEPTH AT 7.0 ft. AFTER 0.5-HOUR

GEOTECH ENGINEERING & TESTING

PLATE A-6



LOG OF BORING NO. B-4 Sheet 1 of 1

= Geotech Engineering and Testing PROJECT: G/S for 23rd Sireet Reconstruction From Broadway to Seawall Boulevard
G- 17407 US Highway 59 LOCATION: Galveston County, TX
GEOTECHR  Houston, Texas 77396 PROJECT NO.: 19-018E  STATION NO..
- . .
Phone: 713-699-4000 Fax: 713-699-9200 DATE: 6-15-19 COMPLETION DEPTH: 16.0 ft.
z = UNDRAINED SHEAR STRENGTH,
w = Q £ tsf
4 ° ® " (29 - IS =
Wy Pl EF B | By T | Q| o | A HAND PENETROMETER
= |38 £ | 3 |& Bl |58 |%8| |28 |8z
AEFIAR-A DESCRIPTION 2E|2 |2 |5 (52| & |2y 8| 2 |0 Torvane
a > o] = > 3 Q & Z | e L
a ;5 3h° ) §% (% 5 o tzu)g 212 i UEJ 2 | @ UNCONFINED COMPRESSION
“q (3 3 2 (5% 3|2 | 8] 8 | UncoNSOLIDATED-UNDRAINED
ELEVATION: Existing Grade z a S I TRIANIAL
0 05 10 15 20 25
—— ASPHALT PAVEMENT (3" in
A thickness)
\CONCRETE PAVEMENT (4" in
thickness) -
FILL: SILTY SAND (SM), brown, dark
7 Nbrown, with shell
|t SILTY SAND (SM), medium dense,
E ; brown, dark brown, gray, with root
16 ol fibers to 12', shell 23
i - dark gray 4' to 16', brownish yellow 4'
to 8'
5+ .
17 ik 24
|13 : 24 20
Y
- loose 8'to 10’
| s 22
10- =
1 16 X 21
11 X 24
' - loose 14' to 16'
15-
7 24 14
20-

OVM2 19-018E.GPJ OVM GDT 8/8/19

WATER OBSERVATIONS: DRY AUGER: 0 TO
¥ : WATER ENCOUNTERED AT 8.0 ft. DURING DRILLING WET ROTARY: B8 TO 1

V - WATER DEPTH AT 8.0 ft. AFTER 0.5-HOUR

’m l

ft DRILLED BY: GET (T)
ft LOGGED BY: Victor

[e>]

GEOTECH ENGINEERING & TESTING PLATE A-7



OVM2 19-018E GPJ OVM GDT 8/8/19

LOG OF BORING NO. B -5

Geotech Engineering and Testing
17407 US Highway 59

PROJECT: G/S for 23rd Street Reconstruction From Broadway to Seawall Boulevard

LOCATION: Galveston Counly, TX

Sheet 1 of 1

GEOTECHY  Houston, Texas 77396 PROJECT NO.. 19:018E  STATION NO.:
TS Phone: 713-698-4000 Fax: 713-699-9200 | pare: 61519 COMPLETION DEPTH: 16.0 ft
z . UNDRAINED SHEAR STRENGTH,
w 2 |lo Q| k tsf
o ° = ;| Z [ 15 e -
o= = X sy T 2| o | A HANDPENETROMETER
=N EL Y R ails (5|2 |48 (2|82
R EEI (R DESCRIPTION 0F|2 |2 |5 |Sg| &|2q 8| T | W Torvme
N Eg% o |3 2z % & |S g3l 8|z Z | 2 | @ UNCONFINED COMPRESSION
e 9|3 2 2 §Z § x| g § (O UNGONSOLIDATED-UNDRAINED
ELEVATION: Existing Grade z a o [&] «a TRIAXIAL
0 05 10 15 20 25
e ASPHALT PAVEMENT (3" in
% \thickness}
- \CONCRETE PAVEMENT (4" in
thickness) - 1
FILL: SILTY SAND (SM), brown, light
- ‘\brown, with shell
SILTY SAND (SM), medium dense,
N brown, gray, with root fibers to 12',
15 gravels, shell 23
] 16 : X 24
v .
| - light gray 6' to 16'
1 12 ; X 24
| 12 . X 22 7
s : - loose 10'to 12'
10 X 5
| 12 24
15+
14 24
20- —+— —
WATER OBSERVATIONS: DRYAUGER: O TO 6 f  DRLLEDBY: GET (D
¥ : WATER ENCOUNTERED AT 6.0 ft. DURING DRILLING WETROTARY: 6 T ft LOGGED BY: Victor

Y WATER DEPTH AT 6.0 ft. AFTER 0.5-HOUR

GEOTECH ENGINEERING & TESTING

PLATE A-8



LOG OF BORING NO. B -6 Sheet 1 of 1

OVM2 13-018E.GPJ OVM GDT 8/8/19

—_— Geotech Engineering and Testing PROJECT: G/S for 23rd Strael Reconstruction From Broadway to Seawall Boulevard
=] 17407 US Highway 59 LOCATION: Galvestan Counly, TX
GEOTECHR  Houston, Texas 77396 PROJECT NO: 18-018E  STATION NO.:
& TESTIND . .
Phone: 713-699-4000 Fax: 713-699-9200 | parg; 61519 COMPLETION DEPTH: 16.0 ft.
z - UNDRAINED SHEAR STRENGTH,
L * [0} Q [ tsf
g S X | Zw = 5 = A 5
Wy Pel| " | | L |@> T < 4} HAND PENETROMETER
=AEL AR ails |52 |98 g (o | E|2
13822k DESCRIPTION SE1Z |3 |2 (22| &|5 3| T |W Torvme
» = Q| & £ 8, w
a ;3 sl2 |8 3z % b |2 ég = go Z | 2 | @ UNCONFINED COMPRESSION
el S| 2 |2 |55 3|2 | | & | UNCONSOLIDATED UNDRAINED
ELEVATION: Existing Grade z a S I TRIAXIAL
05 14 15 20 25
0 i ASPHALT PAVEMENT (4" in
75\ \thickness)
- \CONCRETE PAVEMENT (6" in
thickness)
FILL: SILTY SAND (SM), brown, light 23
il T T TR \erown, with shell VA
1 SILTY SAND (SM), medium dense,
. = Fal brown, gray, with shell
14 A1 24 8
5- 1
16 A0 >< 25
A 4 T
|l | -loose 6'to 8'
1 s - X 26
a 111 | -light gray 8'to 10'
|1 X X 29
10 1+
| 20 ) X 28 6
- i : - loose 12' to 16'
| s (i X 32
15-
10 32
20~ L —

WATER OBSERVATIONS: DRY AUGER: 0 TO 5 DRILLED BY: GET (T)
Y : WATER ENCOUNTERED AT 6.0 ft. DURING DRILLING WET ROTARY: 6  TO 16 ft LOGGED BY: Victor

V¥ : WATER DEPTH AT 6.0 ft. AFTER 0.5-HOUR
GEOTECH ENGINEERING & TESTING PLATE A-9




OvM2 19-018E GPJ OVM GDT 8/8/19

LOG OF BORING NO. B-7 Sheet 1 of 1

PROJECT: G/S for 23rd Street Reconstruction From Broadway to Seawall Boulevard

- Geotech Engineering and Testing
= 17407 US Highway 59 LOCATION: Galvestan Gounty, TX
GEOTECHR  Houston, Texas 77396 PROJECT NO: 10-018E  STATION NO.
& e Phone: 713-699-4000 Fax: 713-699-9200 | pate: 61519 COMPLETION DEPTH: 16.0 ft.
z . UNDRAINED SHEAR STRENGTH,
y = o 2| 5 tsf
e S =25 3w E 12| & | A HAND PENETROMETER
|25 8|83 afls |E (2|98 g|0 | &2
AEFRARY DESCRIPTION A EE ?-“g S| g | rorvane
a ’E.% 3l|° g 3z 3 b e il ez Z | 2 | @ UNCONFINED COMPRESSION
@8 E°[3 2 2 55|13 |x|¢8 & | (O UNCONSOLIDATED-UNDRAINED
ELEVATION: Existing Grade z a o [d]| TRSMA; s so ae
0 1
) ASPHALT PAVEMENT (5.5" in
s \thickness)
= *ao | CONCRETE PAVEMENT (9" in
\thickness)
FILL: SILTY SAND (SM), light gray,
B \light brown, with root fibers to 2' /1 19
11t SILTY SAND (SM), medium dense,
= : light brown, gray, with root fibers to 16’
12 10 20
) | - loose 4'to 6'
> 10 - X 22 10
\ 4
T 12 X 23
R - loose 8' to 12'
1 s X 21
10 |-
17 X 21
IR 23 13
| - loose 14'to 16
15+
e 21
20- =

WATER OBSERVATIONS:
Y : WATER ENCOUNTERED AT 6.0 ft. DURING DRILLING

¥ : WATER DEPTH AT 6.0 ft. AFTER 0.5-HOUR

DRYAUGER: O TO 6 f.  DRILLEDBY GET(T)
WET ROTARY. 6 TO _16 ft. LOGGED BY: Victor

GEOTECH ENGINEERING & TESTING

PLATE A-10



LOG OF BORING NO. B -8 Sheet 1 of 1

= Geotech Engmgefing and Testing PROJECT: G/S for 23rd Streel Reconsiruction From Broadway to Seawall Boulevard
G= 17407 US Highway 59 LOCATION: Galvestan County, TX
GEOTECHYE  Houston, Texas 77396 PROJECT NO.: 19-018E  STATION NO.
& TEETE Phone: 713-699-4000 Fax: 713-699-9200 | pare: 6.45.19 COMPLETION DEPTH: 16.0 ft.
> o UNDRAINED SHEAR STRENGTH,
m 2 |o o 3 tsf
74 e | ® ;|2 = 51 &0 = e e
W Pl o | & | 5Y T 1 2| @ | A HAND PENETROMETER
s |35 8|2 sil5 1524858 | &2
MEE 5 <le DESCRIPTION 22123 | 5 |28 & %b S| Z | M TORVANE
21285 |° |8 iz % B¢ 2512127 2| 2 | @ unconrmen comeression
s 20 S22 %Z § z |8 2 () UNCONSOLIDATED-UNDRAINED
ELEVAT|ON: Existing Grade z L N [ TRIAXIAL
0 05 10 15 20 25
ASPHALT PAVEMENT (6" in
= &P\ \thickness)
- \CDNCRETE PAVEMENT (4" in
thickness)
FILL: SILTY SAND (SM), light gray, 24
i \brownish yellow 4
; SILTY SAND (SM), medium dense,
- 1 I\/] light gray, brownish yellow, with root
14 1141 fibers to 12 21
1 11| -loose 4' to €, gray, light brown 4' to 8'
5-
10 i X 22
1 1 ! X 23 10
) & il .
1 - loose, dark gray, with gravels 8' to 10'
1o 21
107 | - gray, light brown 10' to 16'
111 ' 20
I - loose 12' to 16"
|7 22
15+ -
6 20 12
20- |

OVM2 18-018E.GPJ OVM.GDT 8/8/1S

WATER OBSERVATIONS: DRY AUGER: 0 T f DRILLED BY: GET (T)
¥ - WATER ENCOUNTERED AT 8.0 ft. DURING DRILLING WETROTARY: & TO 16 ft.  LOGGED BY: Victor

¥V : WATER DEPTH AT 8.0 ft. AFTER 0.5-HOUR

GEOTECH ENGINEERING & TESTING PLATE A-11



OVM2 19-01BE.GPJ OVM.GDT 8/8/19

LOG OF BORING NO. B-9

Sheet 1 of 1

Geotech Engineering and Testing
17407 US Highway 59
GEOTECHWN Houston, Texas 77396

ENGINEERINDG

EMESTIN Phone: 713-699-4000 Fax: 713-699-9200

PROJECT: G/S for 23rd Streel Reconstruction From Broadway to Seawall Boulevard

LOCATION; Galveston County, TX

PROJECT NO.: 18-018E

STATION NO.:

DATE: 6-15-19 COMPLETION DEPTH: 16.0 ft
2 . UNDRAINED SHEAR STRENGTH,
w ® Q B tsf
x R TR g (£ = | El =
Wy =T o IR I I 1 T | 2| @ | A HAND PENETROMETER
« 38| e | 3 |& ol | Elo et ~ |2 | g 2
T [25] &] 2 |z o |2 | 2| 2 |8a| 5|2 | B3| 2 | m Torvane
AT DESCRIPTION SE|3 |3 |z |tel 2|3y 8¢
S - e §3|13 (5|2 |8g| 2|2 ] 5| £ |@® unconmmen compression
®%o N EU 5|7 | ¢ ;Z é E % ‘{2’ oggm?cummm-uuumww
ELEVATION: Existing Grade Z o a | -
05 10 15 20 25
0 ASPHALT PAVEMENT (5.5" in
» wd\\thickness) /]
. CONCRETE PAVEMENT (4" in [
thickness)
i FILL: SILTY SAND (SM), light brown 14 5
SILTY SAND (SM), medium dense,
i} light brown
IR 15
] {H{7] - light gray 4' to 6'
16 ] 14
) T - gray 6'to 8'
| 2 : X 17
7 11| - brown, with gravels 8' to 10'
| 25 X 13 34
105 || - gray 10'to 12'
| 28 ' X 15
A 4 1A .
- greenish gray 12" to 16'
| 22 24
15+
17 22
20-
WATER OBSERVATIONS: DRY AUGER: 0 TO 12 ft DRILLED BY: GET (T)

¥ WATER ENCOUNTERED AT 12.0 ft. DURING DRILLING
Y . WATER DEPTHAT 12.0 ft. AFTER 0.5-HOUR

WET ROTARY: _12_ TO _16 ft

LOGGED BY:. Victor

GEOTECH ENGINEERING & TESTING

PLATE A-12



QVM2 18-018E GPJ OVM GDT 8/8/19

LOG OF BORING NO. B-10 Sheet 1 of 1
= Geotech Engineering and Testing PROJECT: G/S far 23rd Street Reconstruction From Broadway to Seawall Boulevard
G_ 17407 US Highway 59 LOCATION: Galveston County, TX
mm Houston, Texas 77396 PROJECT NO.: 19-018E  STATION NO.
e Phone: 713-689-4000 Fax: 713-699-9200  [ihar: 615.10 COMPLETION DEPTH: 16.0 ft
z . UNDRAINED SHEAR STRENGTH
w 2 o Q w tsf
[rd o | = - |z = =
W Pl o | & |5Y T | 2| o | A HAND PENETROMETER
=128 g|a|d as.le |5 |2 2@ ~[8|g]| 2
27 5| & ¥ o |2 |5 | 2 |a9| & |¥ g 2 | B Torvane
E >3l & E % DESCRIPTION Euz_, = S }>_— e8| 2 >y 8 =
o| = 2 = = = =
i ;3 S|2 |3 2z % B |2 g o [2° Z | 2 | @ UNCONFINED COMPRESSION
= E" g3 2 §Z § =g § (O UNCONSOLIDATED-UNDRAINED
ELEVATION: Existing Grade B a a | &« TRIAKIAL
0 05 10 15 20 25
ASPHALT PAVEMENT (4" in
thickness)
- FILL: SILTY SAND (SM), brown, with
gravels 16
N 1’| [H| SILTY SAND (SM), medium dense,
| |1 brown, greenish gray, with gravels
| 12 8 26 10
. X
15 [ 27
v | |HE
|7 [ X 45
- “|'I"| - gray, light brown 8'to 10'
| 1a ; X 23
10+ ) ; ' -
- dark gray 10" to 12
| 18 X 25 12
- 17| - gray 12' to 16'
| 2 25
15— —
20 25
20-
WATER OBSERVATIONS: DRY AUGER: 0 __ TO ft.  DRILLED BY: GET (T)
¥ : WATER ENCOUNTERED AT 6.0 ft. DURING DRILLING WET ROTARY: 6 TO _16 ft.  LOGGED BY: Victor

¥ . WATER DEPTH AT 6.0 ft. AFTER 0.5-HOUR

GEOTECH ENGINEERING & TESTING

PLATE A-13



OVM2 18-018E GPJ OVM.GDT 8/8/18

LOG OF BORING NO. B -11

Geotech Engineering and Testing
17407 US Highway 59

PROJECT: G/S for 23rl Streel Reconsiruction From Broadway to Seawall Boulevard

LOCATION: Galvestan County, TX

Sheet 1 of 1

gangg‘: Houston, Texas 77396 PROJECT NO. 19-018E  STATION NO..
R TESTINDG . .
Prlone. 713-699-4000 Fax: 713-699-9200 DATE: 6-15-19 COMPLETION DEPTH: 16.0 ft.
z . UNDRAINED SHEAR STRENGTH,
w R o Q 3 tsf
[ e | ® | % |20 = 51 % A
Yz 2 |m Pe|T |- | & |29 e - O I HAND PENETROMETER
= (38 | 3 |4 a lElz |2 |92 |3 | %] 3
AEF IR DESCRIPTION Q212 |5 | 2 |23 8|2y 8| F | W Torvae
w| = > = = = 5
ui EE S| o |5 5% % E = ég 2 %0 % 2 | @ UNCONFINED COMPRESSION
(2 Eo =l I I g:z é z|¢g § () UNCONSOLIDATED-UNDRAINED
ELEVATION: Existing Grade z i L I TRIAXIAL
0 05 10 15 20 25
ASPHALT PAVEMENT (4" in
\thickneﬁ)
- FILL: SILTY SAND (SM), brown, gray,
with shell 16
) | SILTY SAND (SM), medium dense,
“I“1 gray, brown, with shell
1 12 ] X 24
N X
16 A 27 13
h 4 A
FREI X 30
| 13 ' X 25
10 :
| 18 X 31 6
- 1171 - light gray 12' to 16'
|17 ' X 24
15 X
22 25
20~ —
WATER OBSERVATIONS: DRY AUGER:- 0 TO § f DRILLED BY GET (T)
¥ : WATER ENCOUNTERED AT 6.0 ft. DURING DRILLING WET ROTARY: 6 TO _16_ft. LOGGED BY: Victor

¥ : WATER DEPTH AT 6.0 ft. AFTER 0.5-HOUR

GEOTECH ENGINEERING & TESTING

PLATE A-14



OVM2 13-018E.GPJ OVM.GDT 8/8/19

LOG OF BORING NO. B-12

Sheet 1 of 1

PROJECT: G/S far 23rd Streel Reconstruction From Broadway to Seawall Boulevard

- Geotech Engineering and Testing
= 17407 US Highway 59 LOCATION: Galveston County, TX
GEOTECHE Houston, Texas 77396 PROJECT NO.: 19-018E  STATION NO.:
& e Phone: 713-699-4000 Fax: 713-699-9200 | pate:6.15-19 COMPLETION DEPTH: 16.0 ft
z - UNDRAINED SHEAR STRENGTH,
w = 0] Q 2] tsf
o N =2 -l = = = 53
Wy ® Pl |5 [5Y 1 2| @ | A HAND PENETROMETER
=139 52 [ 2ol (22|28 g|e |22 y
E ] ; s = DESCRIPTION E)U_Z_, S22 esl S Sy 8 z B TORVANE
. ;g 2o iz % B¢ g 2 |Z| Z| 2 | ® UNCONFINED COMPRESSION
“ EQ = 2 EJZ é z | g ﬁ (O UNCONSOLIDATED-UNDRAINED
ELEVATION: Existing Grade z a S I TR'“*A;
05 10 15 20 25
0 Bt | ASPHALT PAVEMENT (3" in
Aal \thickness)
- \CONCRETE PAVEMENT (5.5" in
thickness)
FILL: SILTY SAND (SM), brown, light 21
= “T'Th\brown, with shell
14 SILTY SAND (SM), medium dense,
| 11\ gray, light brown, with shell
12 A 21
5_
12 21
y A
- dark gray 6' to 12'
1 20 1
1 20 X 23
10- '
119 . X 22
T : - light gray 12' to 16'
|17 | X 25
15+
21 24 6
20- N — -
WATER OBSERVATIONS: DRY AUGER: 0o TO & f DRILLED BY: GET (T)
¥ : WATER ENCOUNTERED AT 6.0 ft. DURING DRILLING WET ROTARY: 6 _ TO _16_ft.  LOGGED BY: Victor

¥ - WATER DEPTH AT 6.0 ft. AFTER 0.5-HOUR

GEOTECH ENGINEERING & TESTING

PLATE A-15



OVM2 19-018E GPJ OVM GDT 8/8/19

LOG OF BORING NO. B-13 Sheet 1 of 1.

PROJECT: G/S for 23rd Street Reconstruction From Broadway to Seawall Boulevard

= Geotech Engineering and Testing
= 17407 US Highway 59 LOCATION: Galvestan County, TX
GEDTECHY Houston, Texas 77396 PROJECT NO.: 19:018E  STATION NO..
® yma—e Phone: 713-699-4000 Fax: 713-699-9200 DATE: 6-15-19 COMPLETION DEPTH: 16.0 ft.
z . UNDRAINED SHEAR STRENGTH,
&1 = a\"- [0} . 'C:) § tsf
e S =2 % |5y £ | Q| o | A HAND PENETROMETER
AEL AR aile |52 (28| ¢ |3 |§] 2
Zl3y Elg DESCRIPTION SE|2 |2 |E |ta| 5|5y 8| 3| onwme
o Eg 2o |3 g% % B |2 ég 2 %a = 2 | @ UNCONFINED COMPRESSION
258 23 B 2 |55 3% | 8| & | UNCONSOLIDATED-UNDRAINED
ELEVATION: Existing Grade z a S I TRIAGAL .
05 140 20 25
. B | ASPHALT PAVEMENT (3"
A \thickness)
- \CONCRETE PAVEMENT (4.5" in
thickness)
FILL: SILTY SAND (SM), brown, light e 9
7 TTTh[\brown, with gravels, shell
|1 SILTY SAND (SM), medium dense,
_ {'\| gray, light gray, with shell
" 24
1 16 X 22
A 4
| 19 23
T | - dark gray 8'to 12'
18 X 22 25
10_ { 0
- dark brown 10'to 12
| 25 ' X 21
| 22 X 22
15- X
18 22
20+ — — -

WATER OBSERVATIONS:

Y . WATER ENCOUNTERED AT 6.0 ft. DURING DRILLING
¥ : WATER DEPTH AT 6.0 ft. AFTER 0.5-HOUR

DRY AUGER: 0 TO 6 ft DRILLED BY: GET (T)
WET ROTARY 6 TO ft LOGGED BY" Victor

GEOTECH ENGINEERING & TESTING
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KEY TO LOG TERMS AND SYMBOLS

UNIFIED SOIL CLASSIFICATIONS | TERMS CHARACTERIZING SOIL STRUCTURE

Symbol Material Descriptions Slickensided - Having incline plane_s of weakness that
GW WELL GRADED-GRAVELS, GRAVEL-SAND MIXTURES| .. grg’nfgfn'jna”d glossy in appearance.
- g shrinkage cracks frequently
LITTLE OR NO FINES filled with fine sand or silt: usually vertical
GP POORLY GRADED GRAVELS, GRAVEL-SAND Laminated - Composed of thin layers bf varying colors.
‘ MIXTURES, LITTLE OR NO FINES and soil sample texture.
GM [ SILTY GRAVELS, GRAVEL-SAND SILT MIXTURES Interbedded - Composed of alternate layers of different
GC P4 CLAY GRAVELS, GRAVEL-SAND CLAY MIXTURES ol types. ; iti
: ' g Calcareous - Containing appreciable quantities of

WELL GRADED SANDS, GRAVELLY SANDS, LITTLE
OR NO FINES

POORLY GRADED SANDS, OR GRAVELLY SANDS,
LITTLE OR NO FINES

SILTY SANDS, SAND-SILT MIXTURES a

CLAYEY SANDS, SAND-SILT MIXTURES b

INORGANIC SILTS AND VERY FINE SANDS, ROCK
FLOUR, SILTY OR CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY

2
ENHE [ EE

GRAVELLY CLAYS, SANDY CLAYS, LEAN CLAYS

OL [5] ORGANIC SILTS AND ORGANIC SILTY CLAYS OF
LOW PLASTICITY

MH [ NORGANIC SILTS, MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS, ELASTIC SILTS

CH INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS

OH [EF ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS

PT PEAT, HUMUS, SWAMP SOILS WITH HIGH ORGANIC CONTENT

= FILL SOILS

calcium carbonate.

Well Graded - Having wide range in grain sizes and

substantial amounts of all intermediate
particle sizes.

Poorly Graded - Predominantly of one grain size, or having
a range of sizes with some intermediate
sizes missing.

Pocket - Inclusion of material of different texture
that is smaller than the diameter of the
sample.

Parting - Inclusion less than %-inch thick extending
through the sample.

Seam - Inclusion - to 3-inch thick extending
through the sample.

Layer - Inclusion greater than 3-inch thick
extending through the sample.

Interlayered - Soils sample composed of alternating
layers of different soil types.

Intermixed - Soil samples composed of pockets of

different soil type and layered or laminated
structure is not evident.

COARSE GRAINED SOILS (major portion retained on No. 200
Sieve): Includes (1) clean gravels and sands, and (2) silty or clayey
gravels and sands. Conditions rated according to standard
penetration test (SPT)* as performed in the field.

Descriptive Terms Blows Per Foot*
Very Loose 0-4
Loose 5-10
Medium Dense 11 -30
Dense 31-50
Very Dense over 50

* 140 pound weight having a free fall of 30-inch

SOIL SAMPLERS |

. SHELBY TUBE SAMPLER
& STANDARD PENETRATION TEST

I:I AUGER SAMPLING

FINE GRAINED SOILS (major portion passing No. 200 Sieve):
Include (1) inorganic or organic silts and clays, (2) gravelly,
sandy, or silty clays, and (3) clayey silts. Consistency is rated
according to shearing strength as indicated by hand penetrometer
readings or by unconfined compression tests.

Undrained
Shear Strength

Descriptive Term Ton/Sq. Ft.
Very Soft Less than 0.13

Soft 0.13t00.25

Firm 0.251t0 0.50

Stiff 0.50to 1.00

Very Stiff 1.00 to 2.00
Hard 2.00 or higher

NOTE: Slickensided and fissured clays may have lower unconfined
compressive strengths than shown above because of weakness or
cracks in the soil. The consistency ratings of such soils are based
on hand penetrometer readings.

_________________________________________________________________________________________________________________|
TERMS CHARACTERIZING ROCK PROPERTIES

VERY SOFT OR PLASTIC Can be remolded in hand: corresponds in consistencv up to verv stiff in soils.

SOFT Can be scratched with fingernail.

MODERATELY HARD Can be scratched easily with knife; cannot be scratched with fingernail.
Difficult to scratch with knife.

VERY HARD Cannot be scratched with knife.

POORLY CEMENTED OR FRIABLE Easily crumbled.

CEMENTED Bounded Together by chemically precipitated materials.

UNWEATHERED Rock in its natural state before being exposed to atmospheric agents.

SLIGHTLY WEATHERED Noted predominantly by color change with no disintegrated zones.

WEATHERED Complete color change with zones of slightly decomposed rock.

EXTREMELY WEATHERED Complete color change with consistency, texture, and general appearance or soil.

GEOTECH ENGINEERING AND TESTING
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P-2 (A View of Project Alignment along 23" Street)

GEOTECH ENGINEERING AND TESTING




PROJECT PICTURES
Project No. 19-018E

P, T

P-4 (A Picture of Drilling Operation along Avenue N)
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OSHA SOIL CLASSIFICATION AND
TRENCH SAFETY RECOMMENDATIONS

General

Occupational Safety and Health Administration (OSHA) requires a trench protective system for trenches
deeper than five-ft. Trenches that are deeper than five-ft, should be shored, sheeted, braced or laid back
to a stable slope, or some other appropriate means of protection should be provided where workers
might be exposed to moving ground or caving. OSHA developed a soil classification system to be used
as a guideline in determining protective requirements for trench excavations.

OSHA classification system categorizes the soil and rock in four types based on shear strength and
stability. These classifications are summarized in the following report sections.

Stable Rock

means natural solid mineral matter that can be excavated with vertical sides and remain intact while
exposed.

Type A Soil

means cohesive soils with an unconfined compressive strength of 1.5-ton per square foot (tsf) or greater.
Examples of cohesive soils are: clay, silty clay, sandy clay, clay loam, silty clay loam, sandy clay loam,
caliche and hardpan. No soil is Type A if:

o] The soil is fissured; or

) The soil is subject to vibration from heavy traffic, pile driving or similar effects; or

o] The soil has been previously disturbed; or

o] The soil is part of a slope, layered system where the layers dip into the excavation on a slope of
4(h): 1(v) or greater; or

o] The material is subject to other factors that would require it to be classified as a less stable
material.

Type B Soil

o] Cohesive soil with an unconfined compressive strength greater than 0.5 tsf but less than 1.5 tsf;
or

o] Granular cohesionless soils including: angular gravel, silt, silt loam, sandy loam, and in some
case, silty clay loam and sandy clay loam; or

o] Previously disturbed soils except those which would otherwise be classified as Type C soil; or

o] Soil that meets the unconfined compressive strength or cementation requirements for Type A,

but is fissured or subject to vibration; or

17407 US Highway 59 « Houston, Texas 77396 « Tel.: 713-699-4000 « Fax: 713-699-9200
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o] Dry rock that is not stable; or

o] Material that is part of a sloped, layered system where the layers dip into the excavation on a
slope less steep than 4(h): 1(v), but only if the material would otherwise be classified as Type B.

Type C Soll

o] Cohesive soil with an unconfined compressive strength of 0.5 tsf or less; or

o] Granular soils including gravel, sand, and loamy sand; or

o] Submerged soil or soil from which water is freely seeping; or

o] Submerged rock that is not stable; or

o] Materials in a sloped, layered system where the layers dip into the excavation on a slope 4 (h) :

1(v) or steeper.

Under the assumption that appropriate groundwater control measures are carried out, and the
groundwater table, if present, is lowered and maintained at least 3-ft below the excavation depths, the
stable cohesive soils (CL) and (CH), with unconfined compressive strength greater than 0.5 tsf, are
classified as OSHA soil Type “B”. The granular soils, which are less stable, are classified as OSHA soil
Type “C”.

Based on our geotechnical exploration and laboratory test results, details of soil classifications at the
boring locations are summarized below:

Depth
Boring No. Range @, ft Soil Type OSHA Soil Classification
B-1 through B-13 03-2 Fill: Silty Sand (SM) C
2-16 Silty Sand (SM) C

Note: 1. Refer to each boring log of soils stratigraphy

Stockpiling of excavated materials may not be allowed near the banks of excavated areas. Generally, a
distance of one-half the excavation depth on both sides of the trench should be kept clear of any
excavated material.

Underground utility trenches should be provided with proper trench support system. The trench should
be provided with a temporary shoring system on excavations deeper than five-ft. The trenches can be
made using shored, sheeted and braced, laid back stable slope or other means of appropriate protection
system should be provided where workers are exposed to moving ground or caving. The slopes may be
constructed in accordance with Table B-1 and shoring may be constructed in accordance with Table C-
1.1, Table C-1.2 and Table C-1.3 of 29 CFR Part 1926 of OSHA.

Project No. 19-018E 2
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In the event that trench sheeting is used, the sheeting can be constructed in the form of cantilever
sheeting or with bracing. Lateral earth pressures for each method used are summarized on Plate D-1.
The trenching and shoring operations should follow OSHA Standards. We recommend that a
geotechnical engineer monitor all phases of trench excavation and bracing to assure trench safety.

Timber shoring as outlined in 29 CFR Part 1926 of OSHA recommendation may be used in the
construction of trench supporting system.

For trench excavation, it is necessary to maintain the stability of the sides and base and not to disturb the
soil below the excavation grade. In braced cuts, if the sheeting is terminated at the base of the cut, the
bottom of the excavation can become unstable under certain conditions. The stability of the trench
bottom is governed by the shear strength of the soils and the differential hydrostatic head. For cuts in
cohesive soils (such as fat clay and lean clay), stability of the bottom can be evaluated in accordance
with the procedure outlined on Plate C-2. However, due to presence of cohesionless subsoils (i.e., silty
sand) encountered at the site, dewatering may be required to prevent bottom blowup if the groundwater
is encountered during construction. Design soil parameters presented on Plates C-3 through C-3.3 can
be used for design.

Groundwater Control

We understand that the depths of underground utilities will be less than 15-ft deep. Our short-term field
exploration indicates that groundwater was encountered at depths ranging from 6- to 12-ft during
drilling and 0.5-hour of after drilling. Therefore, groundwater dewatering may be required. Fluctuations
in groundwater can occur as a function of seasonal moisture variation. Groundwater control
recommendations are presented in the following report sections.

It is our opinion that groundwater should be lowered to a depth of at least three-ft below the deepest
excavation grade in order to provide dry working conditions and firm bedding. Any minor water inflow
in cohesive soil layers can probably be removed using a sump-pump or trench sump-pump. Wellpoint
system can be used in the area where cohesionless (i.e. silty sand) soils are present. Due to the
presence of silty sand and the hydrostatic pressures, blow up may occur if an effective dewatering
system is not in place at the time of construction.

Piezometers should be installed near the excavation area to further evaluate groundwater levels in the
area prior to construction. The piezometers should be left in place during construction to monitor
groundwater levels and effectiveness of the dewatering system.

Design of a wellpoint system should consider the amount of groundwater to be lowered and the
permeability of the affected soils. The selection and proper implementation of an effective groundwater
control system is the responsibility of the contractor. The design of groundwater and surface water
should be in accordance with the City of Galveston Specifications, Section 01563 — Control of
Groundwater and Surface Water.

The results of our field exploration and laboratory testing indicate that unsatisfactory soils for
excavation, such as silty sand soils exist in the borings. A summary of the unsatisfactory soils
locations and depths are as follows:
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Boring(s) Depth, ft.

B-1 through B-13 0.3to 16

If these conditions are encountered during the time of construction, suitable groundwater control
measures should be implemented in accordance with The City of Galveston Specifications, Section
01563 — Control of Groundwater and Surface Water. Furthermore, the contractor may have to over
excavate an additional 6 inches and remove unstable or unsuitable materials with approval by
geotechnical engineer, then place an equal depth of cement stabilized sand.

Due to potential variability of the on-site soils, unstable trench conditions may still exist in the areas
where we did not conduct borings. If these conditions are encountered during the time of construction, a
stable trench should be provided to allow proper bedding and installation.

Our recommendation on trench safety at the project site does not address the effects of excavations on
existing buildings/facilities at the project site. This study was outside the scope of our work.
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LATERAL EARTH PRESSURE DIAGRAM

g, Surcharge Load
v Y YV Y vv vy
‘ * * F ok ok &k &k ok ok ok &k ok ok ok & T

\
\

* * % % % % % » |% * S % * *
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p9.9.9.9.9:9.9¢

Legend:

Braced Excavation (stiff clays)
*xkkxkk ok kx %k %% Braced Excavation (sands)
--------------- Cantilevered sheeting

Active Pressure:
(@) Braced Excavation (stiff clays) = 0.5 + 30H + 62.4H
(b) Braced Excavation (sands) = 0.4q + 18H + 62.4H
(c) Cantilevered sheeting = 0.7q + 42H + 62.4H

where: q = surcharge load, psf: A value of 250 psf can be assumed.
H = wall height, ft.

Notes:

1. The above Active Pressure Equations account for the groundwater at the
surface.

2. The final lateral pressures should be reviewed prior to construction.

3. Trench excavation and construction should be observed by a geotechnical
engineer.

4. The means and methods for a safe excavation is the responsibility of the
contractor.

5. In case of layered soils, active pressure should be calculated based on the

dominant or more critical soil conditions.
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CUT IN COHESIVE SOIL,
DEPTH OF COHESIVE SOIL UNLIMITED (T > 0.7 Ba)
L=LENGTH OF CUT

by g

y,C = —I%
— \H
:

FRRRIFIR. I 3K
|

90°

I X /T

FAILURE SURFACE
FR R R R R R TR TR R R TR I TR FITTIE

If sheeting terminates at base of cut:

N.c
YH+q
N¢ = Bearing capacity factor, which depends on dimensions of the excavation:

Bg, L and H (use N from graph below)

¢ = Undrained shear strength of clay in failure zone beneath and surrounding base of cut
v = Wet unit weight of soil
g = Surcharge (assumed q = 250psf)

Safety Factor, .=

If safety factor is less than 1.5, sheeting or soldier piles must be carried below the base of cut to
insure stability — (see note)

B
H1 = Buried length = 7" > 5 feet

Note: If soldier piles are used, the center to center spacing should not exceed 3 times the width or
diameter of soldier pile.

Force on buried length, PH:

2B . .
If H, > ETZ’ P, =0.7 (yHB, - 1.4CH - ncB,) in Ibs/linear foot

2B 1.4CH
H, < £—% P, = 1.5H, (yH- -7 | i
If H, 3  (y B, nc) in Ibs/linear foot
T [ ..
o
ooo /’_
2 =
£~
1 1 1 | 1
0 1 2 3 4 5
H/Bg

For Trench Excavations
------------------------------- For Square Pit or Circle Shaft

STABILITY OF BOTTOM FOR BRACED CUT
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SOIL DESIGN PARAMETERS

(BASED ON BORINGS B-1)

Soil Type Depth Range, ft. | v, pcf )
FILL: SILTY SAND (SM) 0-2 125 28
SILTY SAND (SM) 2_4 125 28
SILTY SAND (SM) 4-16 125 30

(BASED ON BORING B-2)

Soil Type Depth Range, ft. | v, pcf ¢
FILL: SILTY SAND (SM) 0-2 125 28
SILTY SAND (SM) 2-4 125 28
SILTY SAND (SM) 4-6 125 30
SILTY SAND (SM) 6-10 125 28
SILTY SAND (SM) 10-12 125 30
SILTY SAND (SM) 12-16 125 28

(BASED ON BORING B-3)

Soil Type Depth Range, ft. | 7, pcf )
FILL: SILTY SAND (SM) 0-2 125 28
SILTY SAND (SM) 2_4 125 30
SILTY SAND (SM) 4-6 125 28
SILTY SAND (SM) 6-8 125 30
SILTY SAND (SM) 8- 12 125 28
SILTY SAND (SM) 12-14 125 30
SILTY SAND (SM) 14-16 125 28
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SOIL DESIGN PARAMETERS

(BASED ON BORINGS B-4)

Soil Type Depth Range, ft. | v, pcf )
FILL: SILTY SAND (SM) 0-2 125 28
SILTY SAND (SM) 2_8 125 30
SILTY SAND (SM) 8-10 125 28
SILTY SAND (SM) 10-14 125 30
SILTY SAND (SM) 14-16 125 28

(BASED ON BORING B-5)

Soil Type Depth Range, ft. | v, pcf ¢
FILL: SILTY SAND (SM) 0-2 125 28
SILTY SAND (SM) 2-10 125 30
SILTY SAND (SM) 10-12 125 28
SILTY SAND (SM) 12-16 125 30

(BASED ON BORING B-6)

Soil Type Depth Range, ft. | 7, pcf )
FILL: SILTY SAND (SM) 0-2 125 28
SILTY SAND (SM) 2-6 125 30
SILTY SAND (SM) 6-8 125 28
SILTY SAND (SM) 8- 12 125 30
SILTY SAND (SM) 12-16 125 28

GEOTECH ENGINEERING AND TESTING PLATE C-3.1




SOIL DESIGN PARAMETERS

(BASED ON BORINGS B-7)

Soil Type Depth Range, ft. | v, pcf )

FILL: SILTY SAND (SM) 0-2 125 28

SILTY SAND (SM) 2_4 125 30

SILTY SAND (SM) 4-6 125 28

SILTY SAND (SM) 6-8 125 30

SILTY SAND (SM) 8- 12 125 28

SILTY SAND (SM) 12-14 125 30

SILTY SAND (SM) 14-16 125 28
(BASED ON BORINGS B-8)

Soil Type Depth Range, ft. | v, pcf )

FILL: SILTY SAND (SM) 0-2 125 28

SILTY SAND (SM) 2_4 125 30

SILTY SAND (SM) 4-6 125 28

SILTY SAND (SM) 6-8 125 30

SILTY SAND (SM) 8-10 125 28

SILTY SAND (SM) 10-12 125 30

SILTY SAND (SM) 12-16 125 28
(BASED ON BORING B-9)

Soil Type Depth Range, ft. | v, pcf ¢

FILL: SILTY SAND (SM) 0-2 125 28

SILTY SAND (SM) 2-16 125 30
(BASED ON BORING B-10)

Soil Type Depth Range, ft. | vy, pcf )

FILL: SILTY SAND (SM) 0-2 125 28

SILTY SAND (SM) 2_16 125 30
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SOIL DESIGN PARAMETERS

(BASED ON BORING B-11)

Soil Type Depth Range, ft. | v, pcf ¢

FILL: SILTY SAND (SM) 0-2 125 28

SILTY SAND (SM) 2-16 125 30
(BASED ON BORING B-12)

Soil Type Depth Range, ft. | vy, pcf )

FILL: SILTY SAND (SM) 0-2 125 28

SILTY SAND (SM) 2_16 125 30
(BASED ON BORINGS B-13)

Soil Type Depth Range, ft. | vy, pcf )

FILL: SILTY SAND (SM) 0-2 125 28

SILTY SAND (SM) 2_16 125 30
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