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EXECUTIVE SUMMARY 

 

 A geotechnical investigation was performed for the design and construction of the proposed 

Pleasantville Drainage and Paving (Sub Project 1A).  The project includes construction of new water 

line and storm sewer line along Turning Basin, Industrial and Maxine Street.  The proposed water line 

is about 8 to 16 inches in size and placed at depths ranging 6 to 10 feet.  The proposed storm sewer size 

ranges from 24 inches to 54 inches and 10' x 10' RC box and placed at depths ranging from 8 to 22 feet. 

The utilities will be installed by open cut method except a portion of 10' x 10' RC box at the existing 

rail road crossing along Industrial Drive, where it will be installed by trenchless method of construction. 

 Also, the existing pavement will be replaced with new concrete pavement. 

 

 The investigation for Pleasantville Drainage and Paving (Sub Project 1A) included drilling and 

sampling eight (8) borings each to a depth of 25 feet, installing piezometers in two (2) existing borings, 

performing laboratory tests on soil samples recovered from the borings, performing engineering 

analyses and developing geotechnical recommendations and preparing a geotechnical report.  Borings 

GB-15 through GB-20 performed for previous study were also utilized for this study.  

 

The principal findings and conclusions developed from this investigation are as follows: 

 

• The subsurface soil beneath pavement and existing ground surface as encountered in 

borings GB-21 through GB-28 from this study and borings GB-15 through GB-20 from 

previous study consists of predominantly cohesive soils to the explored depths of 25 to 35 

feet except in borings GB-17 and GB-24.  In borings GB-17 and GB-24 the subsurface soil 

beneath pavement and existing ground surface consists of cohesive with intermittent 

cohesionless soil or cohesive underlain by cohesionless soils to the explored boring depths 

of 25 to 35 feet.  The cohesive soils consist of soft to hard gray, brown, yellowish brown 

and reddish brown sandy lean clay, lean clay with sand, lean clay, fat clay with sand and 

fat clay.  The cohesionless soil consists of loose to medium dense brown and gray fine 

sand w/silt and silty sand.  Fill material consisting of medium stiff to very stiff brown and 

gray and reddish brown and gray lean clay with sand, fat clay with sand and fat clay was 



 
Geotest Engineering, Inc.  Report No. 1140186903 
Pleasantville Drainage and Paving (Sub Project 1A)  January 9, 2015 
WBS No. M-000286-001A-3; Houston, Texas 
 

2 

encountered in borings GB-18, GB-20, GB-22, GB-24 and GB-25 through GB-28 to 

depths of 2 feet to 12 feet.   

 

• Based on the Phase I Geological fault study performed for the project, Fidelity Fault 

crosses Turning Basin Drive near Station No. 46+90 and a fault hazard zone was 

identified from Stations 45+90 to 47+90 along Turning Basin Drive.  The detailed fault 

study was submitted under a separate cover.  
 

• Groundwater was encountered in borings GB-21, GB-22, GB-23, GB-24, GB-26 

through GB-28 to depths ranging from 16 to 25 feet during drilling.  The groundwater 

level, measured 15 minutes after water was first encountered, ranged from 4 to 20.6 feet 

in these borings.  In piezometer borings GB-22P and GB-25P, the water level measured 

after 30days ranged from 5.3 to 8.2 feet on August 22, 2014.   
 

• The existing paving as obtained in the soil borings GB-21, GB-23 through GB-27 

consists of 7.5 to 8 inches of concrete except in boring GB-22 and GB-28.  In boring 

GB-22, the existing pavement consists of 8 inches of concrete underlain by 2 inches of 

stabilized sand and in boring GB-28 the existing pavement consists of 16.5 inches of 

concrete.   
 

• All excavation operations should be carried out in accordance with OSHA standards and 

the City of Houston Standard Specifications. 
 

• The bedding and backfill for storm sewer should be in accordance with City of Houston 

Standard Specification Section 02317 and Drawing No. 02317-03.   

 

• The excavation and backfill for the RCB should be in accordance with City of Houston 

Standard Specification Section 02316, Excavation and Backfill for Structures. 

 

• The recommended pavement sections for Pleasantville Area are given below: 
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Street/ Location Pavement Course Thickness, inches 

Turning Basin Reinforced Concrete 

6% Lime-stabilized subgrade  

9 

8 

Maxine Street Reinforced Concrete 

6% Lime-stabilized subgrade  

8 

8 
 

 

• The details of pavement section are provided in Section 5.4 of this report. 
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1.0   INTRODUCTION 

 

 

1.1 General 

 The City of Houston selected Halff Associates, Inc. to perform engineering services for 

design and construction of Pleasantville Drainage and Paving (Sub Project 1A) in Houston, Texas.  

Halff Associates, Inc. retained Geotest Engineering, Inc. as part of the design team to perform 

geotechnical investigation for the above project. 

 

 

1.2  Authorization 

 This study was authorized by Notice to Proceed email dated July 09, 2014 by accepting our 

Proposal No. 1140338299 dated June 24, 2014. 

 

 

1.3  Location and Description of Project  

 The project is located in Pleasantville Area in east Houston, Texas.  The project is bounded by 

Pearl Street to the west, Guinevere Street to the north, IH-610 to the east and Tite Street to the south, 

within the Key Map Page and Grid 495 Q & U.  

 

The project includes construction of new water line and storm sewer line along Turning Basin, 

Industrial and Maxine Street.  The proposed water line is about 8 to 16 inches in size and placed at 

depths ranging 6 to 10 feet.  The proposed storm sewer size ranges from 24 inches to 54 inches and 10' 

x 10' RC box and placed at depths ranging from 8 to 22 feet. The utilities will be installed by open cut 

method except a portion of 10' x 10' RC box at the existing rail road crossing along Industrial Drive, 

where it will be installed by trenchless method of construction.  Also, the existing pavement will be 

replaced with new concrete pavement.  The vicinity map of the project area is shown on Figure 1. 
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1.4  Purpose and Scope 

The purposes of this study were to evaluate soil and groundwater conditions and to provide 

geotechnical recommendations for the design and construction of the proposed drainage 

improvements in Pleasantville Area, Sub Project 1A.  The scope of this investigation for 

Pleasantville project area consisted of the following: 
 

• Utilized six (6) borings from previous study. 
 

• Performed concrete coring at eight (8) boring locations for borings access. 
 

• Drilled and sampled eight (8) borings each to a depth of 25 feet. 
 

• Converted two (2) borings into piezometers to monitor long term ground water level. 
 

• Performed appropriate laboratory tests in accordance with ASTM methods on selected 

samples to develop engineering properties of the soil. 
 

• Performed engineering analyses in accordance with the City of Houston Design Manual 

(July 2012) to develop geotechnical recommendations for the design and construction of 

the proposed drainage and paving improvements in Pleasantville Drainage and Paving 

(Sub Project 1A). 
 

• Prepared a geotechnical report that will include all field data, laboratory test data and 

geotechnical recommendations. 
 

• Prepared a separate soil type report for trench (open cut) excavation.  



 
Geotest Engineering, Inc.  Report No. 1140186903 
Pleasantville Drainage and Paving (Sub Project 1A)  January 9, 2015 
WBS No. M-000286-001A-3; Houston, Texas 
 

6 

2.0   FIELD INVESTIGATION 
 

 

2.1  General 

 After obtaining the utilities clearance of proposed eight (8) marked borings in the field, 

existing concrete pavement was cored at all boring locations for boring access and the borings were 

drilled to the explored depths utilizing a truck mounted drilling rig.  Traffic control devices and 

personnel were utilized during coring and drilling to maintain safety of drill crew and people driving 

in the streets.  All the drilling and sampling were performed in accordance with appropriate ASTM 

procedures.   
 

 

2.2  Geotechnical Borings 

 Subsurface conditions for Pleasantville project area were explored by drilling and sampling 

eight (8) soil borings (designated as GB-21 through GB-28) each to a depth of 25 feet.  The borings 

GB-1 through GB-20 were drilled for the previous study.  The approximate boring locations are shown 

on Figures 2.1 through 2.5, Plan of Borings.  Survey information (Northing and Easting coordinates and 

ground surface elevation) of completed borings were provided to us by Halff Associates, Inc.  The 

survey information of completed borings is summarized in Table 1.  

 

In general, samples were obtained continuously to the depth of 20 feet, and intermittent 

sampling at 5 foot interval to the termination depths of the borings.  Cohesive soils were obtained 

with a 3-inch thin-walled tube sampler in general accordance with ASTM Method D 1587.  Granular 

samples were obtained with a 2-inch split spoon barrel in accordance with ASTM Method D 1586.  

Each sample was removed from the sampler in the field, carefully examined and then logged by an 

experienced soils technician.  Suitable portions of each sample were sealed and packaged for 

transportation to Geotest’s Laboratory.  The shear strength of cohesive soil samples was estimated 

using a pocket penetrometer in the field.  Driving resistances for the split-barrel sampler in granular 

soils, recorded in the field as "blows per foot,” are indicated on the boring logs.  All the borings, 

except the ones converted to piezometers, were grouted with cement-bentonite grout after 

completion of drilling and obtaining water level measurements. 
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 Detailed descriptions of the soils encountered in the borings are given on the boring logs 

presented on Figures A-1 through A-8 in Appendix A.  A key to symbols and terms used on boring 

logs is given on Figure A-9 in Appendix A.  The borings from previous study are presented in 

Appendix C.  

 

 

2.3  Piezometer Installation 

 During the field investigation, piezometers were installed in the open borehole of borings 

GB-22 and GB-25.  The location of the piezometers, designated as GB-22P and GB-25P, are shown 

on Figures 2.3 and 2.5.  The piezometer installation report showing the details of the construction of 

the piezometers are provided on Figures A-10 and A-11 in Appendix A.   

 

 The piezometers were abandoned after taking the final water level reading.  The piezometer 

installation and abandonment reports were submitted to Texas Department of Licensing and 

Regulations (TDLR).  The TDLR piezometer installation and abandonment reports are presented in 

Appendix D. 
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3.0   LABORATORY TESTING 

 

 The laboratory testing program was designed to evaluate the pertinent physical properties and 

shear strength characteristics of the subsurface soils.  Classification tests were performed on selected 

samples to aid in soil classification.  All the tests were performed in accordance with ASTM Standards. 

 

Undrained shear strengths of selected cohesive samples were measured by unconsolidated 

undrained (UU) triaxial compression tests (ASTM D2850).  Results of the unconsolidated undrained 

triaxial tests are plotted as solid squares.  The shear strength of cohesive samples was measured in 

the field with a calibrated pocket penetrometer and also in the laboratory with a hand held Torvane.  

The shear strength values obtained from the penetrometer and Torvane are plotted on the boring log 

as open circles and triangles, respectively. 

 

 Measurements of moisture content and dry unit weight were taken for each unconsolidated 

undrained (UU) triaxial test sample.  Moisture content measurements (ASTM D2216) were also made 

on other samples to define the moisture profile at the boring locations.  Atterberg limits tests (ASTM 

D4318) and percent passing No. 200 sieve tests (ASTM D1140) were performed on selected cohesive 

soil samples.  Sieve analysis tests (ASTM D422) were also performed on selected cohesionless soil 

samples to evaluate grain size distribution.  The results of most of the laboratory tests are plotted or 

summarized on the boring logs.  The result of all tests are tabulated or summarized on the boring logs 

presented on Figures A-1 through A-8 in Appendix A. 

 

 The summary of laboratory test results is also presented in a tabular form on Figures B-1 

through B-8 in Appendix B.  Grain size distribution curves are presented on Figure B-9 in Appendix B. 
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4.0   SUBSURFACE CONDITIONS 
 

 

4.1 Geology 

The project area lies in the Beaumont Formation.  The clays and sands of the Beaumont 

Formation are over-consolidated as a result of desiccation from frequent rising and lowering of the 

sea level and the groundwater table.  Consequently, clays of this formation have moderate to high 

shear strength and relatively low compressibility.  The sands of the Beaumont Formation are 

typically very fine and often silty.  Further, there is occasional evidence in the Houston area of the 

occurrence of cemented material (sandstone and siltstone) deposits within the Beaumont Formation. 
 

 

4.2  General Fault Information 

 A review of information in the Geotest library, relating to known surface and subsurface 

geologic faults in the general area of the project alignments, was undertaken.  The available 

information consisted of U.S. Geological and NASA maps, open file reports and information 

contained in our files relating to geologic faults in the project area. 

 

 Based on the Phase I Geological fault study performed for the project, Fidelity Fault crosses 

Turning Basin Drive near Station No. 46+90 and a fault hazard zone was identified from Stations 

45+90 to 47+90 along Turning Basin Drive.  The detailed fault study was submitted under a separate 

cover. 

 

 

4.3 Existing Paving  

 The existing paving as obtained in the soil borings GB-21, GB-23 through GB-27 consists of 

7.5 to 8 inches of concrete except in boring GB-22 and GB-28.  In boring GB-22, the existing 

pavement consists of 8 inches of concrete underlain by 2 inches of stabilized sand and in boring GB-

28 the existing pavement consists of 16.5 inches of concrete.   

 
 

 



 
Geotest Engineering, Inc.  Report No. 1140186903 
Pleasantville Drainage and Paving (Sub Project 1A)  January 9, 2015 
WBS No. M-000286-001A-3; Houston, Texas 
 

10 

 The details of the existing pavement thickness at each of the boring locations for Pleasantville 

Project, Sub Project 1A area are summarized below: 
 

 
Boring Nos. 

Concrete 
Thickness 

(in.) 

Base 
Thickness 

(in.) 

 
Total (in.) 

GB-21  8.0 -- 8.0 
GB-22 (GB-22P) 8.0 2.0 10.0 
GB-23 8.0 -- 8.0 
GB-24 8.0 -- 8.0 
GB-25 (GB-25P) 8.0 -- 8.0 
GB-26 7.5 -- 7.5 
GB-27 8.0 -- 8.0 
GB-28 16.5 -- 16.5 

Note:  1.  The base includes stabilized sand. 
 

 

4.4 Soils Stratigraphy 

Based on the subsurface soils encountered in the boreholes, three (3) boring log profiles were 

developed and are presented on Figures 3.1 through 3.4.  To the left of each boring shown on the 

profile is an indication of the consistency of each stratum.  More than one consistency for an 

individual stratum indicates that the consistency is different at different depths within the stratum.  

For cohesive soils, consistency is related to the undrained shear strength of the soil.  For cohesionless 

soils, the relative density of soil is measured by standard penetration test blows of the soil.  To the 

right of each boring shown on the profile is the overall classification of the soil contained within 

each stratum.  The symbols and abbreviations used on the boring log profile are given on Figure 4. 

The soil classification is based on ASTM Standards. 

 

 The subsurface soils beneath pavement as encountered in borings GB-21 through GB-28 from 

this study and borings GB-15 through GB-20 from previous study as shown in boring log profiles 3.1 

through 3.4 along various streets in the Pleasantville project, Sub Project 1A area are summarized 

below: 
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Boring No. 

Maxine Street: 

Location/Street Depth (ft) Soil Description 

GB-15 through GB-
17 and GB-21 
 
(Boring Log Profile 
Figure 3.1) 

Maxine Street 0-35 Soft to hard gray, brown, yellowish brown and 
reddish brown Fat Clay, Fat Clay with sand, 
Lean Clay, Lean Clay w/sand and Silty Clay. 
 
Loose to very dense brown and gray Silty Sand 
and Fine Sand with silt was encountered 
between the depths of 12 feet and 33 feet in 
boring GB-17.  

 

 The Fat Clay and Fat Clay with sand are of high to very high plasticity with liquid limits 

ranging from 51 to 82 and plasticity indices ranging from 30 to 53.  The Lean Clay, Lean Clay with 

sand, Silty Clay and Sandy Lean Clay are of low to medium plasticity with liquid limits ranging from 

23 to 31 and plasticity indices ranging from 7 to 15.  The fines content (percent passing No. 200 sieve) 

of Fat Clay and Fat Clay with sand ranges from 79 to 95 percent.  The fines content of Lean Clay, Lean 

Clay w/sand and Silty Clay ranges from 73 to 96 percent.  The fines content of silty sand is about 20 

percent and of the percent fines of fine sand with silt is about 5 percent.  
 

Boring No. 

Loop 610 Connector and Turning Basin: 

Location/Street Depth (ft) Soil Description 
GB-20, GB-22 
through GB-28 
(Boring Log Profiles, 
Figures 3.2 and 3.3) 

Loop 610 Connector 
and Turning Basin 

0-35 Soft to hard gray, brown, yellowish brown and 
reddish brown Fat Clay, Fat clay with sand, 
Lean Clay, Lean Clay with sand and Sandy 
Lean Clay.  Fill material consisting of stiff to 
very stiff  brown and gray fat clay, fat clay 
with sand, lean clay with sand was 
encountered to depths ranging from 2 to 12 
feet in borings GB-22 and GB-24 through GB-
28.    
 
Dense to very dense brown and gray Silty 
Sand and Fine Sand with silt was encountered 
between the depths of 6 to 7 feet and 16 to 25 
feet in boring GB-24. 

  

 The Fat Clay and Fat Clay with sand is of high to very high plasticity with liquid limits ranging 

from 51 to 92 and plasticity indices ranging from 29 to 60.  The Lean Clay and Lean Clay w/sand is of 

medium to high plasticity with liquid limits ranging from 31 to 46 and plasticity indices ranging from 

15 to 26.  The fines content of Fat Clay and Fat Clay with sand ranges from 81 to 99 percent.  The fines 
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content of Lean Clay and Lean Clay w/sand ranges from 71 to 99 percent.  The fines content of Sandy 

Lean Clay ranges from 55 to 65 percent.  The fines content of Silty Sand is about 19 percent and the 

fines content of fine sand with silt is about 11 percent.  

 

Boring No. 

Industrial Drive: 

Location/Street Depth (ft) Soil Description 
GB-18 and GB-19 
 
(Boring Log Profile, 
Figure 3.4) 

Industrial 0-35 Medium stiff to hard gray, yellowish brown 
and reddish brown Fat Clay, Lean Clay with 
sand and Sandy Lean Clay.  Fill material 
consisting of medium stiff to stiff yellowish 
brown fat clay was encountered to a depth of 8 
feet in boring GB-18.  

 

 The Fat Clay is of high plasticity with liquid limits ranging from 51 to 63 and plasticity indices 

ranging from 30 to 39.  The Lean Clay w/sand and Sandy Lean Clay is of high plasticity with liquid 

limits ranging from 39 to 40 and plasticity indices ranging from 21 to 22.  The percent fines of Fat Clay 

ranges from 85 to 95 percent.  The percent fines of Lean Clay w/sand is about 81 percent and the 

percent fines of Sandy Lean Clay is about 67 percent.  

 

 

4.5  Unsatisfactory Soil Conditions 

 In boring GB-17, loose silty sand was encountered between the depths of 12 and 16 feet (near 

the pipe invert depth), hence care should be taken during the utility installation near this location.    

 

 

4.6  Water Levels    

 Groundwater was encountered in borings GB-21, GB-22, GB-23, GB-24, GB-26 through 

GB-28 to depths ranging from 16 to 25 feet during drilling.  The groundwater level, measured 15 

minutes after water was first encountered, ranged from 4 to 20.6 feet in these borings.  In piezometer 

borings GB-22P and GB-25P, the water level measured after 30 days ranged from 5.3 to 8.2 feet on 

August 22, 2014.   
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Boring No. 

Groundwater 
Depth During 

Drilling (ft) 

Groundwater 
Depth 15 minutes 
after Drilling (ft) 

Groundwater 
Depth 30 Days 

After Drilling (ft) 
GB-21 16.0 4.0 N/A 

GB-22 (GB-22P) 21.0 8.1 5.3 (8-22-14) 

GB-23 16.0 4.2 N/A 

GB-24 16.0 6.0 N/A 

GB-25 (GB-25P) Dry N/A 8.2 (08-22-14) 

GB-26 25.0 20.6 N/A 

GB-27 25.0 19.3 N/A 

GB-28 18.0 11.7 N/A 

GB-15 9.0 N/A N/A 

GB-16  9.3 N/A N/A 

GB-17 (GB-17P) 4.8 4.6 3.4 (08-02-12) 

GB-18 31.3 N/A N/A 

GB-19 Dry N/A N/A 

GB-20 8.0 N/A N/A 

    

However, it should be noted that various environmental and man-made factors such as 

amount of precipitation, nearby subsurface construction activities, and change in area drainage can 

substantially influence the groundwater level. 

 

 

4.7  Environmental Concerns 

 No environmental concerns were observed or noticed in any of the borings (GB-21 through 

GB-28) drilled for this study.  However, Geotest performed the Phase I and Phase II (Previous Study) 

Environmental Site Assessments for the related environmental concerns and were presented under 

separate cover.  
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5.0  ENGINEERING ANALYSES AND RECOMMENDATIONS 

 

 

5.1 General 

The project includes construction of new water line and storm sewer line along Turning Basin, 

Industrial and Maxine Street.  The proposed water line is about 8 to 16 inches in size and placed at 

depths ranging 6 to 10 feet.  The proposed storm sewer size ranges from 24 inches to 54 inches and 10' 

x 10' RC box and placed at depths ranging from 8 to 22 feet. The utilities will be installed by open cut 

method except a portion of 10' x 10' RC box at the existing rail road crossing along Industrial Drive, 

where it will be installed by trenchless method of construction.  Also, the existing pavement will be 

replaced with new concrete pavement. 

 

 

5.2 Trench Excavation 

Based on the information provided by Halff Associates, Inc., it is understood that the utilities 

will be installed by open cut method of construction except near the existing rail road crossing along 

Industrial Drive, where the proposed utilities will be installed by trenchless method of construction.  

The following subsections provide information for the design and construction of the storm sewers 

and water line open cut method of excavations. 

 

5.2.1 Geotechnical Parameters.

 

 Based on the soil conditions revealed by the borings GB-21 

through GB-28 from this study and GB-15 through GB-20 from previous study, geotechnical 

parameters were developed for the design of open cut construction for storm sewers and water line 

installation.  The design parameters are provided in Table 2.  For design, the groundwater level 

should be assumed to exist at the ground surface, since the conditions may exist after or heavy rain 

or flooding. 

5.2.2 Excavation Stability.  The open excavation may be shored or laid back to a stable slope 

or supported by some other equivalent means used to provide safety for workers and adjacent 

structures, if any.  The excavating operations should be in accordance with OSHA Standards, OSHA 

2207, Subpart P, latest revision and the City of Houston Standard Specification. 
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• Excavation Shallower Than 5 Feet

 

 - Excavations that are less than 5 feet deep (critical 

height) should be effectively protected when an indication of dangerous ground movement is 

anticipated. 

• Excavations Deeper Than 5 Feet 

 

- Excavations that are deeper than 5 feet should be sloped, 

shored, sheeted, braced or laid back to a stable slope or supported by some other equivalent 

means or protection such that workers are not exposed to moving ground or cave-ins.  The 

slopes and shoring should be in accordance with the trench safety requirements as per OSHA 

Standards.  The following items provide design criteria for excavation stability. 

(i) OSHA Soil Type

 

.  Based on the soil conditions revealed by borings drilled for this 

study and assumed groundwater level at surface, OSHA soil type “C” should be used 

for determination of allowable maximum slope and/or the design of shoring along the 

alignment for full proposed depth of open excavation.  For shoring deeper than 20 

feet (if needed), an engineering evaluation is required and deeper soil borings will be 

needed. 

(ii) Excavation Support Earth Pressure.

 

  Based on the subsurface conditions indicated by 

our field investigation and laboratory testing results, excavation support earth 

pressure diagrams were developed and are presented on Figures 5.1 and 5.2.  These 

pressure diagrams can be used for the design of temporary trench bracing.  For a 

trench box, a lateral earth pressure resulting from an equivalent fluid with a unit 

weight of 94 pcf can be used.  The effects of any surcharge loads at the ground 

surface should be added to the computed lateral earth pressures.  A surcharge load, q, 

will typically result in a lateral load equal to 0.5 q.  The above value of equivalent 

fluid pressure is based on assumption that the groundwater level is near the ground 

surface, since these conditions may exist after a heavy rain or flooding. 

(iii) Bottom Stability.  In braced cuts, if tight sheeting is terminated at the base of the cut, 

the bottom of the excavation can become unstable.  The parameters that govern the 
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stability of the excavation base are the soil shear strength and the differential 

hydrostatic head between the groundwater level within the retained soils and the 

groundwater level at the interior of the trench excavation.  For cut in cohesive soils as 

predominantly encountered for the proposed excavation depths in most of the 

borings, the bottom stability can be evaluated as outlined on Figure 7.  However, at 

locations near boring GB-24 where cohesionless soils (such as fine sand w/silt) were 

encountered between depths of 6 and 7 feet (at the invert or within 3 feet of bottom of 

excavation), dewatering will be necessary to avoid bottom stability problems.  It 

should be noted that due to the presence of very thin layer of sand (about 1 feet) in 

boring GB-24, the excavation can be done after installing a sheetpile cut off wall (if 

dewatering cannot be effectively lower the ground water) to avoid bottom stability 

problems. 

 

5.2.3  Groundwater Control.

 

  Excavations for the storm sewers may encounter groundwater 

seepage to varying degrees depending upon the groundwater conditions at the time of construction 

and the location and depth of the trench.  Based on the soil conditions identified in the borings for 

the proposed storm sewers and water line installation, all the excavations will be in cohesive soils 

except at boring GB-24 where storm sewer will be in cohesionless soils. 

In general for cohesive soils as predominantly encountered for most of the borings for the 

excavation depths, the groundwater if encountered may be managed by collection in excavation 

bottom sumps for pumped disposal.  However, in boring GB-24 where cohesionless soils (such as 

fine sand w/silt) were encountered at the invert (about 6 feet) of the excavation; dewatering will be 

required.  Dewatering such as eductor well system may be required to lower the groundwater level to 

at least 5 feet below the bottom of the excavation.  If the dewatering cannot be achieved, the ground 

water may be controlled by installing continuous interlock (water tight) sheet piling with trench 

bottom sumps for pumped disposal.  It is recommended that the actual groundwater conditions 

should be verified by the contractor at the time of construction and that groundwater control should 

be performed in general accordance with the City of Houston Standard Specifications, Section 

01578.  The cohesionless soils encountered in borings are given below. 
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Street 

 
 
Boring 

Depth of Cohesionless Soils 
Encountered (ft) 

 
 
Type of Soil From To 

Maxine GB-17 (GB-17P) 12 33 Silty Sand and 

Fine Sand w/silt 

Turning Basin GB-24 6 7 Fine Sand w/silt 

16 25 Silty Sand 

 

5.2.4  Access Shaft for Tunneling.

 

  The access shaft should be constructed as per the City of 

Houston Standard Specifications, Section 02400, "Tunnel Shafts."  The access shafts may be 

constructed by retained excavations or can be installed by sunken caisson.  These methods are 

described below: 

• Retained Excavation.

 

  Retained excavations generally require less ground surface 

area than open-cut excavation with laid back slopes.  The retention system can 

consist of driven sheetpile, liner plates, solider pile/lagging, driven planking, or ring 

beams and timber lagging.  The items pertaining to design criteria for retained 

excavation stability should be in accordance with guidelines as outlined in section 

5.2.2. 

• Sunken Caisson Installation.

 

  The caisson procedure eliminates the need for a 

temporary retention system.  Caisson units can, however, experience problems with 

alignment and termination at the proper design depth.  Stability considerations of the 

excavation bottom are similar to those for retained excavation techniques. 

5.2.5  Access Shaft Backfill

 

.  The excavated shaft should be backfilled per the City of Houston 

Standard Specification, Section 02400, “Tunnel Shafts,” Subsection 3.04.   

 5.2.6  Bedding and Backfill for Storm Sewers

 

.  Bedding and backfill for utilities should be in 

accordance with City of Houston Standard Specification Section 02312 and Drawing No. 02317-03.   
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5.3  Trenchless Installation 

 It is understood that the proposed water line and the 10' x 10' RC Box along Industrial Drive 

near railroad crossing will be installed by trenchless method of construction.  The water line will be 

installed by auger method of construction and RC Box will be installed by tunneling method. 

 

 5.3.1  Geotechnical Parameters

 

.  Based on the soil conditions revealed by soil boring and 

laboratory test data, geotechnical design parameters were developed for cohesive soils and are provided 

in Table 3.  The cohesive soils include fat clays and lean clays.  For design conditions, the groundwater 

levels should be assumed to exist at the ground surface, since these conditions may exist after heavy 

rain or flooding. 

 5.3.2  Earth Pressure on Auger Casing and Tunnel Liner

 

.  The earth pressures on the auger 

casing should be determined from Figure 7.  Equations to calculate the tunnel liner loads are also 

shown in Figure 7.  For crossing under the major roads, the stress due to traffic loads should be 

considered.   

 5.3.3  Live Loads on Pipeline Due to Traffic.

 

  Loads on the pipe due to traffic should be 

considered.  A graph providing calculated vertical stress on pipe due to traffic loads and railroad 

traffic is given on Figures 8 and 9, respectively. 

 5.3.4  Carrier Pipe Design Parameters

 

.  Carrier pipe must be sufficiently strong to withstand 

anticipated long-term ground loads and must not be subject to deterioration by substance either in the 

ground or in the auger casing.  The carrier pipe design should include consideration of not only the 

loads applied to the pipe but also factors other than soil loading.  These factors could include 

minimum structural code requirements, loading from pipe jacking operations and other construction 

loads.  The drained geotechnical design parameters given in Table 3 should be used in analyzing the 

soil structure interaction of the carrier pipe. 

 5.3.5  Influence of Trenchless Operation on Adjacent Structures.  Surface and near-surface 

structures near the pipe and casing augering primarily consist of residential buildings, city streets and 

public utilities. 



 
Geotest Engineering, Inc.  Report No. 1140186903 
Pleasantville Drainage and Paving (Sub Project 1A)  January 9, 2015 
WBS No. M-000286-001A-3; Houston, Texas 
 

19 

 

 Ground movement, in terms of loss of ground or ground lost, is commonly associated with soft 

ground augering.  If such ground movement is excessive, it may cause damage to the structures, roads 

and services located above the auger casing.  While ground movement cannot be eliminated, it can be 

controlled within certain limits by the use of proper construction techniques and good quality 

workmanship.  These include, but are not limited to, prevention of excessive ground loss during 

trenchless operation with the use of grouting and filling the annular space between the pipe or casing 

and the surrounding soil and prevention of undue loss of fines through dewatering. 

 

 The selection and execution of trenchless methods that are best suited to anticipated ground 

conditions along the proposed auger casing are, in fact, the contractor’s primary contribution to 

successful completion of the proposed auger casing.  Review of the boring logs (GB-18 and GB-19) 

revealed that the ground conditions for augering and tunneling (excavation face) will be primarily 

through fill material consisting of fat clay with sand and cohesive soils consisting of stiff to very stiff 

lean clay and fat clay.  The cohesive soils within this fill matrix as well as natural soils are stiff to very 

stiff in consistency and the ground in this area may be expected to behave as squeezing to raveling 

ground near the invert. 

 

 The proposed auger casing is parallel with or crosses beneath a number of water, gas, power, 

telephone and storm and sanitary sewer lines.  The largest potential problems from utilities may result 

from: 
 

• Leaking water pipes 

• Gas pipe breakage leading to a potential explosion 

• Breakage of storm or sanitary sewers 
 

 In general, it is the contractor’s responsibility to investigate these and other possible third party 

interactions along the proposed water line alignment and to accommodate all of these interactions with 

the use of good construction methods. 
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 5.3.6 Groundwater Control.

 

  The ground water control should be performed in accordance with 

Section 5.2.3 of this report.  

 

5.4 Structures 

5.4.1  Description.

 

  The structure associated with this project will be new manholes and 24 

inch RC Boxes.  The new manholes for storm sewers will be placed at depths ranging from 10 to 15 

feet and the RC boxes will be placed at a depth of about 10 feet.  

 5.4.2  Foundation Conditions

 

.  Based on the soil conditions revealed by the borings GB-21 

through GB-28, GB-15 through GB-20, the manholes and RCB bottom will be in medium stiff to 

very stiff lean clay, fat clay, sandy lean clay except at boring GB-24 where the manholes and RCB 

will be in fine sand w/silt or interface of fine sand with silt and stiff to very stiff lean clay.  

5.4.3  Foundation Design Recommendations.

 

  The following items provide recommendations 

and design criteria for construction of the new manholes and RC Boxes. 

• Allowable Bearing Pressures.

 

  An allowable (net) bearing pressure 2,500 psf may be 

used for the design of storm sewer manholes and RC Boxes placed at a depth of 10 to 

24 feet (into medium stiff to very stiff lean clay, fat clay, sandy lean clay and fine 

sand with silt).  The allowable bearing pressures include a safety factor of 2.0.  The 

above recommendations assume that the final bearing surfaces consist of undisturbed 

natural soils and that underlying semi-transmissive zones are properly pressure-

relieved and stable undisturbed bearing surfaces are attained. 

• Bottom Stability.

 

  The bottom stability is described in Section 5.2.2 of this report.  

• Lateral Earth Pressure.

 

  The pressure diagram presented on Figures 5.1 and 5.2 can be 

used for the design of braced excavation.  The lateral earth pressure diagrams 

presented on Figures 10.1 and 10.2 are applicable for the design of the permanent 

walls. 
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• Hydrostatic Uplift Resistance.

a. Dead weight of structure, 

  Structures extending below the groundwater level 

should be designed to resist uplift pressure resulting from excess piezometric head.  

Design uplift pressures should be computed based on the assumption that the water 

table is at ground surface.  To resist the hydrostatic uplift at the bottom of the 

structure, one of the following sources of resistance can be utilized in each of the 

designs. 

b. Weight of soil above base extensions plus weight of structure, or 

c. Soil-wall friction plus dead weight of structure. 
 

The uplift force and resistance to uplift should be computed as detailed on Figure 11.  

In determining the configuration and dimensions of the structure using one of the 

approaches presented on Figure 11, the following factors of safety are recommended. 

 

a. Dead weight of concrete structure, Sf1 = 1.10, 

b. Weight of soil (backfill) above base extension, Sf2 = 1.5, and 

c. Soil-wall friction, Sf3 = 3.0. 

Friction resistance should be discounted for the upper 5 feet, since this zone is affected 

by seasonal moisture changes. 

 

 5.4.4  Protection of Below Grade Structures.

 

  The design of the proper means for protection 

of below grade structures will depend upon the potential of the aggressivity or corrosivity of soil and 

groundwater properties.  The aggressivity testing was not within the scope of this study.  The design 

of the protection of below grade structures is beyond the scope of services for this study. 

  5.4.5  Groundwater Control During Construction.

 

  Groundwater control should be followed 

in accordance with Section 5.2.3 of this report.    

  The contractor should verify the groundwater level at the time of construction and should 

provide an adequate dewatering system, where required.  
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5.4.6  Structure Backfil

 

l.  Excavations for the proposed structures should be backfilled in 

accordance with the City of Houston Standard Specifications, Section 02316, “Excavation and 

Backfill for Structures.” 

 

5.5 Pavement Structure Design 

It is understood that the existing roadway consists of rigid paving.  The new pavement will 

consists of concrete pavement section.  The streets include Loop 610 Connector, Turning Basin and 

Maxine Streets.  The pavement design presented below was developed in accordance with 

“AASHTO Guide for Design of Pavement Structures,” 1993 Edition. 

 

 

5.5.1 Design Parameters 

Subgrade Soil Properties

 

.  Based on the laboratory test data obtained from the natural 

subgrade soils, the effective roadbed soil resilient modulus (MR) is estimated to be 

about 1,941 psi.  Based on an estimated resilient modulus of the 8-inch lime-

stabilized subgrade, the effective modulus of subgrade reaction (k) is estimated to be 

about 49 pci. 

Traffic Data

 

.  No traffic study was performed for this project, hence, no traffic data 

was available for the project.  Based on Houston Regional Traffic Counts Map and 

City of Houston GIMS traffic counts data, the traffic data is assumed for Pleasantville 

Area.  The details were given below.  

 A traffic data of 5.4 x 106 – 18 kips ESAL (W18) over a 20 year design period 

was utilized for the pavement design of Loop 610 Connector and Turning Basin.  

This traffic volume is based on assumed traffic distribution of average daily traffic 

(ADT) volume of 1,500 vehicles, with a distribution of 80% passenger cars, 20% 

heavy trucks.    
 

 A Traffic Data of 1.7 x 106  – 18 kips ESAL over a 20-year design period was 

utilized for the pavement design of Maxine Street.  This traffic volume is based on 
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assumed traffic distribution of ADT volume of 1,800 vehicles with a distribution of 

95% passenger cars, 3% light trucks and 2% heavy trucks.  

  

Other Design Parameters

 

.  Other design parameters used in the development of rigid 

pavement thickness are given below: 

  Material Properties of Concrete: 

 Modulus of Elasticity of Concrete (Ec): 3,372,165 psi 

Mean value of Modulus of Rupture of Concrete after 28 days  

(S’c): 600 psi (based on compressive strength of 3,500 psi) 

Load Transfer coefficient (J): 3.2 

Drainage coefficient (Cd): 1.2 

Overall Standard Deviation (So): 0.35 

Reliability Level (R): 95% 

Serviceability Index 

 Initial (Po): 4.5 

 Terminal (Pt): 2.25 

Reinforcement Variables 

 Allowable Working Stress (fs): 45,000 psi (grade 60 steel) 

 Friction Factor (F): 1.8 
 

 

5.5.2 Recommended Pavement Section 

Based on the design parameters described above and the AASHTO design procedures, the 

thickness of rigid pavement was determined.  The recommended pavement section is given below: 
 

Street Pavement Course Thickness, inches 

Loop 610 Connector and 

Turning Basin 

Reinforced Concrete 

6% Lime-stabilized subgrade  

9 

8 

Maxine Street Reinforced Concrete 

6% Lime-stabilized subgrade  

8 

8 
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 Based on the reinforcement variables and recommended pavement section, the required 

longitudinal and transverse reinforcing steel (No. 4, Grade 60 Steel) can be determined for 8-inch 

and 9-inch concrete pavement as per Table 1 of City of Houston Drawing No. 02751-01 (Revised 

July 1, 2009). 

 

 
 

5.5.3  Preparation of Pavement Subgrade 

Based on the field and laboratory test data, the subgrade soils at the finished grade of the 

project site consists of fat clay of high to very high plasticity.  These soils have a high volume change 

potential.  Hence, lime stabilization of the clay subgrade will be required to reduce the swell 

potential of clay subgrade due to volume changes and to accelerate the construction and provide a 

stable subgrade on which to construct the pavement section.  The subgrade soils should be stabilized 

with approximately 6 percent lime to a depth of at least 6 to 8 inches.  This corresponds to 

approximately 37 pounds of hydrated lime per square yard for 8-inch based upon a soil dry unit 

weight of 103 pcf.  It should be noted that quantity of lime was calculated based on the dry unit 

weight determined from specific boring locations only.   

 

Subgrade preparation for the proposed pavement after removing the existing pavement 

should consist of stripping, proof-rolling, and stabilization.  The following procedures for subgrade 

preparation are recommended: 
 

1. Strip the surficial soils to a suitable depth to remove all surficial vegetation and 

achieve grade.  In isolated areas where soft, compressible, or very loose soils are 

encountered, additional stripping may be required.  Stripping should extend to a 

minimum of 2 feet in the adjacent open (unpaved) area, where it exists beyond the 

edge of the proposed pavement.   
 

2. After stripping, the exposed surface should be proof-rolled with a minimum of 3 

passes of a 30-ton pneumatic-tired roller or a partially loaded truck utilizing a tire 

pressure of approximately 90 psi.  If rutting develops, the tire pressure should be 

reduced.  The purpose of the proof-rolling operation is to identify any underlying 

zones or pockets of soft soils so these weak materials can be removed and replaced. 
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3. Lime stabilization of cohesive subgrade (fat clay) should be performed in 

accordance with City of Houston Standard Specification No. 02336, “Lime-

Stabilized Subgrade.” 
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6.0  CONSTRUCTION CONSIDERATIONS 

 

Excavations for the storm sewers may encounter groundwater seepage to varying degrees 

depending upon the groundwater conditions at the time of construction and the location and depth of 

the trench.  Based on the soil conditions identified in the borings for the proposed storm sewers and 

water line installation, all the excavations will be in cohesive soils except at boring GB-24 where 

storm sewer will be in cohesionless soils. 

 

In general for cohesive soils as predominantly encountered for most of the borings for the 

excavation depths, the groundwater if encountered may be managed by collection in excavation 

bottom sumps for pumped disposal.  However, in boring GB-24 where cohesionless soils (such as 

fine sand w/silt) were encountered at the invert (about 6 feet) of the excavation; dewatering will be 

required.  Dewatering such as eductor well system may be required to lower the groundwater level to 

at least 5 feet below the bottom of the excavation.  If the dewatering cannot be achieved, the ground 

water may be controlled by installing continuous interlock (water tight) sheet piling with trench 

bottom sumps for pumped disposal.  It is recommended that the actual groundwater conditions 

should be verified by the contractor at the time of construction and that groundwater control should 

be performed in general accordance with the City of Houston Standard Specifications, Section 

01578.  The cohesionless soils encountered in borings are given below. 
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7.0  LIMITATIONS 

 

 The description of subsurface conditions and the design information contained in this report are 

based on the soil borings made at the time of drilling at specific locations.  However, some variation in 

soil conditions may occur between soil borings.  Should any subsurface conditions other than those 

described in our boring logs be encountered, Geotest should be immediately notified so that further 

investigation and supplemental recommendations can be provided.  The depth of the groundwater level 

may vary with changes in environmental conditions such as frequency and magnitude of rainfall.  The 

stratification lines on the log of borings represent the approximate boundaries between soil types, 

however, the transition between soil types may be more gradual than depicted. 

 

 This report has been prepared for the exclusive use of City of Houston, Texas, and Halff 

Associates, Inc. for the Pleasantville Drainage and Paving (Sub Project 1A) in Houston, Texas.  This 

report shall not be reproduced without the written permission of Geotest Engineering, Inc., the City 

of Houston or Halff Associates, Inc. 
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