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1 EXECUTIVE SUMMARY 

HVJ Associates, Inc. was retained by Walter P Moore and Associates, Inc. to provide geotechnical 
recommendations for the proposed reconstruction of Almeda Road from Old Spanish Trail (OST) 
to South MacGregor in Houston, Texas.  The project also involves sanitary sewer replacement 
crossing Almeda Road at the intersection of Dixie Road and also water line replacement along 
Almeda Road between Lockett Street and Holcombe Boulevard.  Based on the information 
provided to us by Walter P Moore and Associates, Inc., we understand that the invert depth of the 
water line is about 7 feet below the existing grade at most locations, and 17 feet below the existing 
grade near the sanitary sewer location, and the invert depth of the sanitary sewer line is at 
approximately 10 feet below the existing grade. Based on the information provided to us by Walter 
P Moore and Associates, Inc., we also understand that open cut techniques will be used for the 
installation of the utility lines.  A site vicinity map showing the approximate project location is 
presented on Plate 1 of the report. 

The purpose of this study is to provide geotechnical recommendations for utilities replacement 
using open cut techniques.  Design of pavement cross section is beyond our scope and will be 
performed by TxDOT as mentioned in our proposal dated November 12, 2010 (Revised September 
13, 2012).  The field and laboratory investigations study performed for the pavement reconstruction 
were in accordance with TxDOT Geotechnical Manual dated December, 2012 and for utilities 
replacement were in accordance with the City of Houston, Department of Public Works and 
Engineering Design Manual Chapter 11 “Geotechnical and Environmental Requirements” dated 
July, 2012. 

Based on the subsurface conditions revealed by the soil borings, the findings and recommendations 
of this report are summarized below: 

1. At the design invert depth, the soil consisted mainly of firm and stiff clay as illustrated in the 
boring logs.  At this level, the soil consisted predominantly of lean clay at B-1, B-3, and B-4, and 
of fat clay at boring B-2.  At the location of the sewer line (B-4), stiff fat clay was observed at the 
invert depth corresponding to approximately 10 feet.  The subsurface soils at the site generally 
comprise firm to stiff cohesive fat clays and firm to very stiff lean clays in the upper 12 feet at 
borings B-1, B-2, and B-3. At boring B-4, stiff to very stiff lean and fat clay were encountered up 
to a depth of approximately 33 feet.  Fill material comprising of sand with shells and gravel was 
encountered at the top 2 feet at borings B-4 and P-2. Fill material consisting of sandy clay with 
shells and rocks was observed at top 2 feet at boring P-1 and also between 3 to 5 feet at boring 
P-2.  Ferrous and calcareous nodules were encountered at various depths in most of the borings.  
 

2. A review of surface faults was made from geologic literature and available in-house records.  
Based on our review, Pierce Junction salt dome is located at about 3.5 miles south of the project 
site and Memorial Park fault is located at about 4 miles northwest of the project site.  We believe 
that faulting may not impact the project site.  A detailed fault study is beyond the scope of our 
work. 

3. Groundwater was not encountered at any of the borings during drilling operations except at 
boring B-4, which is a deeper boring. One piezometer was installed at boring location B-4 (PZ-
1) and the 24-hour water level reading was recorded at 28.0 feet.  Piezometer installation records 
and groundwater level data are provided in Appendix C. 



 
 

4. Recommendations for replacement of sanitary sewer and water line using open cut techniques 
are presented in this report. 

5. The existing pavement was cored at eight locations and the core data revealed three different 
types of pavement sections: 1- Asphalt over crushed concrete, 2- Asphalt over concrete, and 3- 
concrete over either stabilized sand or crushed concrete.  In the case were asphalt was placed 
over crushed concrete (Borings C-2, C-4, and C-6), the asphalt thickness varied between 6 and 
12 inches, and the crushed concrete varied between 4 and 12 inches.  In the case where asphalt 
was placed over concrete (Borings C-1, C-3, and C-5), the asphalt thickness varied between 2 to 
3 inches, and the concrete thickness varied between 9 and 10 inches.  In this case, the concrete 
itself was placed over crushed concrete in the section corresponding to boring C-1.  In the case 
of concrete over stabilized sand / crushed concrete (Borings C-7 and C-8), the observed 
stabilized base thickness was approximately 6 inches and the concrete layer varied in depth 
between 6 and 9 inches.  At the location of the pavement borings (P-1 to P-4), sandy clay with 
sand and rocks were predominantly observed.  Similar conditions were observed near the 
surface at boring B-4.   At borings B-1 to B-3 fat clay was encountered and could be 
encountered in some locations beneath the pavement.  More Details on the existing pavement 
thickness are presented in Section 8.2 of this report. 
 

Please note that this executive summary does not fully relate our findings and opinions.  Those 
findings and opinions are only presented through our full report. 
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2 INTRODUCTION 

2.1 Project Description  
HVJ Associates, Inc. was retained by Walter P Moore and Associates, Inc. to provide geotechnical 
recommendations for the proposed reconstruction of Almeda Road from Old Spanish Trail (OST) 
to South MacGregor in Houston, Texas.  The project also involves sanitary sewer replacement 
crossing Almeda Road at the intersection of Dixie Road and also water line replacement along 
Almeda Road between Lockett Street and Holcombe Boulevard.  Based on the information 
provided to us by Walter P Moore and Associates, Inc., we understand that the invert depth of the 
water line is about 7 feet below the existing grade at most locations, and 17 feet below the existing 
grade near the sanitary sewer location, and the invert depth of the sanitary sewer line is at 
approximately 10 feet below the existing grade.  Based on the information provided to us by Walter 
P Moore and Associates, Inc., we also understand that open cut techniques will be used for the 
installation of the utility lines.  A site vicinity map showing the approximate project location is 
presented on Plate 1 of the report.   
 
2.2 Geotechnical Investigation Program 
The major objectives of this study were to gather information on subsurface conditions at the site 
and to provide recommendations for the proposed utilities and pavement reconstruction.  The field 
and laboratory investigations study performed for the pavement reconstruction were in accordance 
with TxDOT Geotechnical Manual dated December, 2012 and for utilities replacement were in 
accordance with the City of Houston, Department of Public Works and Engineering Design Manual 
Chapter 11 “Geotechnical and Environmental Requirements” dated July, 2012.  The objectives were 
accomplished by: 
 

 Drilling eight soil borings to depths ranging from 5 to 55 feet below the existing grade to 
determine soil stratigraphy and to obtain samples for laboratory testing.  The 55 feet boring 
was drilled at the location of the sewer line assuming a depth of 36 feet based on our 
understanding of the information available at the time of the preparation of the proposal. 
When preparing the report, the invert depth at this location for the sewer line was found to 
be 10 feet based on the drawings provided to us by Walter P Moore and Associates, Inc. 

 Installing one piezometer to gain an understanding of the groundwater conditions at the 
site and to evaluate the potential need for dewatering during construction. 

 Performing laboratory tests to determine physical and engineering characteristics of the 
soils. 

 Performing engineering analyses to develop design guidelines and recommendations for 
the proposed pavement reconstruction and utilities replacement. 

Subsequent sections of this report contain descriptions of the field exploration, laboratory-testing 
program, general subsurface conditions, design recommendations, and construction considerations. 

3 FIELD INVESTIGATION 

3.1 Geotechnical Borings 
The field exploration program undertaken at the project site was performed between May 10, 2013 
and May 13, 2013.  Subsurface conditions were investigated by drilling eight soil borings to depths 
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ranging from 5 to 55 feet below the existing grade.  The pavement was cored at eight locations near 
to the borings and the pavement thickness information was obtained. 

All boreholes excluding the one with the piezometer were backfilled with cement grout by tremie 
method in accordance with the City Guidelines and patched at the surface where applicable.  The 
piezometer was plugged after obtaining the 30 day water level reading.  Approximate boring 
locations are presented on Plates 2A to 2G of the report.   

3.2 Survey Data 
Based on the survey information provided to us by Walter P Moore and Associates, Inc. according 
to the Texas State Plane Coordinate System, the station number, offset distance, ground surface 
elevation and coordinates for all the borings is presented below.  

Boring 
Number 

Base Line 
Station 

Number 
Offset, 

feet 
Northing, 

feet 
Easting, 

feet 
Ground 

Elevation, feet 

P-1 
Almeda 
Road 

13+83.20 22.01' LT 13,820,672.87 3,115,631.14 44.25 

P-2 
Almeda 
Road 

23+20.52 25.63' RT 13,821,566.62 3,115,917.56 44.82 

P-3 
Almeda 
Road 

59+98.97 19.10' LT 13,825,135.90 3,116,808.09 38.86 

P-4 
Almeda 
Road 

67+69.89 5.91' LT 13,825,878.92 3,117,014.10 39.44 

B-1 
Almeda 
Road 

33+00.42 7.40' LT 13,822,522.43 3,116,136.12 42.47 

B-2 
Almeda 
Road 

38+01.30 0.81' RT 13,823,004.62 3,116,271.94 43.14 

B-3 
Almeda 
Road 

44+00.24 2.15' RT 13,823,583.36 3,116,426.14 43.42 

B-4 
Almeda 
Road 

52+56.82 27.05' RT 13,824,405.71 3,116,667.57 41.29 

 
3.3 Sampling Methods 
Soil samples were obtained continuously to the termination depth of the borings except at boring B-
4 where samples were obtained continuously to a depth of 20 feet and then at 5 foot intervals 
thereafter to the termination depth of the borings.  Cohesive soil samples were obtained with a 
three-inch thin-walled (Shelby) tube sampler in general accordance with ASTM D-1587 standard.  
Each sample was removed from the sampler in the field, carefully examined and then classified.  The 
shear strength of the cohesive soils was estimated by a hand penetrometer in the field.  Cohesionless 
soils were sampled with the split spoon sampler in accordance with ASTM D 1586 standard.  
Suitable portions of each sample were sealed and packaged for transportation to our laboratory.  

The TxDOT cone penetrometer test was performed at the termination depth of pavement borings 
(P-1 to P-4).  The TxDOT cone test is used to determine the relative density or consistency of a soil 
material.  The test involves driving a 3-inch diameter cone with a 170-pound hammer, which is 
dropped for a distance of 2 feet.  The cone is seated and driven to 12 blows or 12 inches whichever 
comes first.  Then, it is driven for two consecutive 6-inch increments and the blow counts for each 
increment are noted.  In hard materials, the cone is driven with the resulting penetration in inches 
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recorded for the 50 blows.  The number of blows for each 6-inch increment and/or the amount of 
penetration for each 50 blows is presented on the boring logs presented in Appendix A 

Detailed descriptions of the soils encountered in the borings are given on the boring logs presented 
in Appendix A.  A key to the soils classification and symbols used in the boring logs is also 
presented in Appendix A. 

3.4 Water Level Measurements 
Groundwater was not encountered at any of the borings except at boring B-4 during drilling 
operations. One piezometer was installed at boring location B-4 (PZ-1) to observe 24-hour and 30-
day water level readings.  Piezometer installation records and groundwater level data are provided in 
Appendix C.  Appendix C also includes the “Well Report” and the “Plugging Report”.  The well was 
plugged using the “tremmie pipe cement from bottom to top” plugging method. 

4 LABORATORY TESTING 

Selected soil samples were tested in the laboratory to determine applicable physical and engineering 
properties.  All tests were performed according to the relevant ASTM Standards.  These tests 
consisted of moisture content measurement, pocket penetrometer, percent passing No. 200 sieve, 
Atterberg limits, unconsolidated undrained compression and unit dry weight tests.   

The Atterberg limits and percent passing number 200 sieve tests were utilized to verify field 
classification by the Unified Soils Classification System, and the unconsolidated undrained 
compression tests was performed to obtain the undrained shear strength of the soil.  The type and 
number of tests performed for this investigation are summarized below:  

Type of Test Number of Tests 
Moisture Content (ASTM D2216) 46 
Atterberg Limits (ASTM D4318) 20 
Percent Passing No. 200 Sieve (ASTM D1140) 14 
Pocket Penetrometer   31 
Unconsolidated Undrained (UU) (ASTM D 2850 18 
Unit Dry Weight (ASTM D 2166/2850)  18 
Standard Proctor (ASTM D698) 1 
Laboratory CBR (ASTM D1883) 1 

The laboratory test results are presented on the boring logs in Appendix A.  A summary of 
laboratory test results are provided in Appendix B. Standard proctor and CBR test results are 
presented in Appendix D. 

5 SITE CHARACTERIZATION 

5.1 General Geology 
There are two major surface geological formations that exist in the Houston area: the Beaumont 
formation and the Lissie formation.  The Beaumont formation is a relatively younger formation 
generally found to the southeast of the Lissie formation.  The Beaumont formation dips 
southeastward and extends beneath beach sand and waters of the Gulf of Mexico as far as the 
continental shelf.  The project site is located in an area where the Beaumont formation is typically 
encountered.  
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The Beaumont formation was deposited on land near sea level in flat river deltas and in inter-delta 
regions.  Soil deposition occurred in fresh water streams and in flood plains (as backwater marsh and 
natural levees).  The courses of major streams and deltaic tributaries changed frequently during the 
period of deposition, generating within the Beaumont clay a complex stratification of sand, silt and 
clay deposits.  Frequently, stream courses were diverted significant distances from a given point in a 
backwater marsh, and the water overlying the soil would evaporate since it was cut off from a 
drainage path.  Such water, which would be highly alkaline, would precipitate large nodules of 
calcium carbonate (calcareous nodules) throughout the surface of evaporation.  With the coming of 
the Second Wisconsin Ice Age, the nearby sea withdrew, leaving the formation several hundred feet 
above sea level and permitting the soil to desiccate.  The process of desiccation compressed the 
clays in the formation such that they became significantly overconsolidated to a large depth.  In 
addition to preconsolidating the soil, the process of desiccation, together with the later rewetting, 
produced a network of fissures and slickensides that are now closed but which represent potential 
planes of weakness in the soil. 

5.2 Geologic Faulting 
The tectonic history of the Texas Gulf Coast includes a relatively stable depositional cycle since the 
Cretaceous Period (about 65 million years).  During this period the area has been subjected to 
deposition of clays, silts, and sands resulting in over 30 thousand feet of sedimentary rocks.  
Underlying this clastic sequence are salt formations, which have migrated upwards to produce the 
typical salt dome features associated with the Texas Gulf Coast.  In conjunction with salt movement, 
dewatering and compaction of some of the deeper sediments in the basin have resulted in the 
development of growth faults.    

A review of surface faults was made from geologic literature and available in-house records.  Based 
on our review, Pierce Junction salt dome is located at about 3.5 miles south of the project site and 
Memorial Park fault is located at about 4 miles northwest of the project site.  We believe that 
faulting may not impact the project site. A detailed fault study is beyond the scope of our study.   

5.3 Soil Stratigraphy 
Our interpretation of soil and groundwater conditions at the project site is based on information 
obtained at the boring locations only.  This information has been used as the basis for our 
conclusions and recommendations.  Significant variations at areas not explored by the project boring 
may require reevaluation of our findings and conclusions. 

At the design invert depth, the soil consisted mainly of firm and stiff clay as illustrated in the boring 
logs.  At this level, the soil consisted predominantly of lean clay at B-1, B-3, and B-4, and of fat clay 
at boring B-2.  At the location of the sewer line (B-4), stiff fat clay was observed at the invert depth 
corresponding to approximately 10 feet.  The subsurface soils at the site generally comprise firm to 
stiff cohesive fat clays and firm to very stiff lean clays in the upper 12 feet at borings B-1, B-2, and 
B-3. At boring B-4, stiff to very stiff lean and fat clay were encountered up to a depth of 
approximately 33 feet. Also, at boring B-4, cohesionless medium dense clayey sand was encountered 
at deeper location (below 33 feet) followed by sandy lean clay and fat clay to the termination depth 
of the boring. Fill material comprising of sand with shells and gravel was encountered at the top 2 
feet at borings B-4 and P-2.  Fill material consisting of sandy clay with shells and rocks was observed 
at top 2 feet at boring P-1 and also between 3 to 5 feet at boring P-2.  Ferrous and calcareous 
nodules were encountered at various depths in most of the borings.  

At the location of the pavement borings (P-1 to P-4), sandy clay with sand and rocks were 
predominantly observed. Similar conditions were observed near the surface at boring B-4. At 
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borings B-1 to B-3 fat clay was encountered and could be encountered in some locations beneath 
the pavement. 

Details of the subsurface stratigraphy encountered in the borings are shown on the boring logs 
presented in Appendix A.  

5.4 Groundwater Conditions 
Groundwater was not encountered at any of the borings except at boring B-4 during drilling 
operations.  During drilling, the water level was observed at a depth of 20 feet at B-4.  One 
piezometer was installed at boring location B-4 (PZ-1) and the 24-hour water level reading was 
recorded at 28 feet.  Piezometer installation records and groundwater level data are provided in 
Appendix C.  

It should be noted that groundwater levels determined during drilling may not accurately reflect the 
true groundwater conditions, and therefore should only be considered as approximate.  
Groundwater levels measured in open standpipe piezometers are, on the other hand are more 
accurate; however, these readings will fluctuate seasonally and in response to rainfall.  Other factors 
that might impact piezometric groundwater levels include leakage from existing water lines, storm 
sewers and/or sanitary sewers.   

6 UTILITY DESIGN CRITERIA AND RECOMMENDATIONS FOR OPEN CUT             
TECHNIQUES 

6.1 General 
The project involves the replacement of a 40 feet segment of sanitary sewer crossing Almeda Road 
at the intersection of Dixie Road and about 1,200 feet of water line along Almeda Road between 
Lockett Street and Holcombe Boulevard.  We understand that the invert depth of the water line is 
about 7 feet below the existing grade at most locations, and 17 feet below the existing grade near the 
sanitary sewer location, and the invert depth of the sanitary sewer line is at approximately 10 feet 
below the existing grade.  Boring, B-4 was drilled within the close vicinity of both the sanitary sewer 
and the water line where as the borings B-1, B-2 and B-3 were drilled only for the water line 
replacement.  Our recommendations for the installation of utilities using open cut techniques are 
presented below.  

6.2 Geotechnical Parameters 
Geotechnical design parameters are presented in the following table.  Design parameters given in 
the table are based on field and laboratory test data obtained at boring locations drilled for the water 
lines at the approximate invert depth.  It must be noted that because of the nature of the soil 
stratigraphy at this site, parameters at locations away from the borings may vary substantially from 
values reported in the table. 
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Boring 
No. 

 Street 
 Name 

Approximate 
Invert 

Depth (ft) 

Soil 
Description at 
Invert Depth 

 

Total 
Unit 

Weight 
(pcf) 

Undrained 
Shear 

Strength 
(psf) 

Allowable 
Bearing 
Pressure 

(psf) 

E'n, 
Long 
Term 
(psi) 

B-1 
Almeda 
Road 

7 Stiff Lean Clay 103 1,600 2,600 600 

B-2 
Almeda 
Road 

7 Firm Fat Clay 117 1,000 1,600 300 

B-3 
Almeda 
Road 

7 Firm Lean Clay 128 1,000 1,400 300 

B-4 
Almeda 
Road 

10 (Sanitary 
Sewer) 

Firm Lean Clay 128 1,000 1,600 300 

B-4 
Almeda 
Road 

17 (Water 
Line) 

Firm Lean Clay 128 1,000 1,600 300 

 
The values shown in the above table represent our interpretation of the soil properties based on the 
available laboratory and field test data.  Use of the soil properties shown above may or may not be 
appropriate for a particular analysis, since choice of design parameters often depends on whether 
total or effective stress analysis is used, rate of loading, duration of loading, geometry of loaded area, 
and other factors.  The total unit weight values shown above represent our interpretation of soil unit 
weight at natural moisture content.  The undrained shear strength and allowable bearing pressure 
values represent our interpretation of the shear strength in clay soils based primarily on the results of 
unconsolidated undrained compression tests and hand penetrometer tests.  The allowable bearing 
pressures include a factor of safety of three. 
 
6.3 Pipe Design 
The loads imposed on underground pipes depend principally upon the method of installation, the 
weight of overburden soils, roadway traffic load, and loads due to existing surface structures.  For 
design of rigid pipes installed using open-cut excavation methods, loads due to overburden and 
traffic can be determined from Plate 3. 

The traffic load applied to the pipe can be calculated using 85% of wheel load with an impact factor 
of 1.5 for one foot of soil cover, 50% of wheel load with an impact factor of 1.35 for 2 feet of 
cover, and 30% of wheel load with an impact factor of 1.15 for 3 feet of cover.  This results in a 
total design traffic load on the pipe or box culvert of about 1.28, 0.68 and 0.35 times the wheel load 
for 1, 2 and 3 feet of cover, respectively.  For pipes with four or more feet of cover, the traffic loads 
may be taken as a surcharge equivalent to 250 psf. 

The design of flexible pipes requires the modulus of soil reaction of the native soil (En’) in the 
trench wall as input.  The En’ values are based on empirical relationships to the soil consistency as 
defined by unconfined compression tests for cohesive soils.  En’ values for the native soils are 
presented in the table above.  The En’ values for short-term conditions in cohesive soils may be 
assumed to be 1.5 times the long-term values.  These values are based on the soil data obtained at 
the boring locations only and may be used for the noted invert depth zone. 

6.4 Open Cut Bedding and Backfill 
Pipe Bedding.  Pipe bedding should be performed according to City of Houston Standard 
Specification Section 02317, part 3.07 with item (J) for the water lines and item (K) for the sanitary 
sewers not constructed of HDPE (High Density Polyethylene).  Water line installed using open-cut 
trenches should be placed using City of Houston Drawing No. 02317-04.  The sanitary sewer may 
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be installed according to City of Houston Standard Drawing Nos. 02317-01, which is the typical 
cross section in the case of dry or wet stable trench, 02317-02, for wet stable trench where 
dewatering not used according to City of Houston Standard Specification 02317 item 3.07B, and 
02317-08 for the shafts/manholes.  Knowing that the water depth observed during drilling was at 20 
feet, and after 24 hours at 28 feet, we do not expect the ground water to be above the trench bottom 
during construction and thus we do not expect ground water control measures to be needed and 
thus Drawing Nos. 02317-01 should be followed. 

The excavations should be performed with equipment capable of providing a relatively clean bearing 
area.  Stable soils are essential to provide a strong base during construction.  In addition, stable soils 
enhance trench bottom stability, support for bedding compaction, and minimize possible pipe 
settlement. Whenever soft foundation soils are encountered during trench excavation, in accordance 
with section 02317, item 3.07.C, we recommend over excavating 3 feet below the base of the 
foundation and replacing with on-site soils or approved bedding material compacted to at least 95% 
of maximum dry density determined by ASTM D698 in loose lifts not exceeding 8 inches.  

Trench Backfill. Trench backfill for utilities should be in accordance with Section 02317, Excavation 
and Backfill for Utilities, and in particular item 3.09 of the City of Houston Standard Specifications, 
January 2011.  Backfill around the sanitary sewers should be in accordance with the provisions that 
are explained in the City of Houston Standard Details on Drawing Nos. 02317-01, knowing that the 
water table is below the bottom of the trench,  and 02317-08 for the manholes.  The water line 
backfill should be in accordance with Drawing No. 02317-04. 

Pipe embedment should be in accordance with Section 02317 and the material used should be in 
accordance with City of Houston Standard Specification Sections 02320.   

Trench zone backfill is that portion of trench backfill that extends vertically from the top of pipe 
embedment up to pavement subgrade or up to final grade when not beneath pavement.  Trench 
zone backfill for utilities may consist of bank run sand, select fill, or random backfill material as 
specified in City of Houston Standard Specification Section 02320.   

  
6.5 Thrust Force Design Recommendations 
Piping System Thrust Restraint.  Unbalanced thrust forces will be developed in water lines 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 
in bends in 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, concrete encasement, 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 (AWWA) Manual M9 (2008) Concrete Pressure Pipe.   

Various types of thrust restraint systems are used depending on the type of pipes and installation 
conditions.  The thrust force at the bends should be evaluated based on the procedures described in 
Chapter 9 of AWWA manual M9. 



8 
 

Frictional Resistance.  The unbalanced force produced by grade and alignment changes can also be 
resisted by friction on the pipe.  The length of pipe will be formed by tying or welding joints 
together for the distance required to develop adequate capacity or by encasing the pipe in concrete.  
The resisting frictional force, FR is computed, for most cases, as 

 FR = f (2We+Ww+Wp) 

Where: 

  f = Coefficient of friction between pipe and soil 

  We = Weight of soil over pipe in lb/ft 

  Ww = Weight of contained water in lb/ft 

  Wp = Weight of pipe in lb/ft 

The friction value depends on the material in contact with the pipe and the soil used in the backfill 
around the pipe.  For pipe surrounded by compacted sand or crushed stone, the friction between 
the pipe and soil may be based on a friction angle of 30 degrees.  The allowable coefficient of 
friction, f, of 0.28, 0.23 and 0.18 can be used for concrete, steel and PVC pipes, respectively.  This 
value includes a factor of safety of 2.0.  The weight of soil above the pipe will depend on the soil 
unit weight and the pipe depth.  For compacted soils used for backfill, a total unit weight of 125 pcf 
can be used. 

In low cover situations, where depth of cover is less than 50% of pipe diameter, we should be 
contacted to evaluate the impact of shallow cover on thrust resistance. 

Tied joints are used to transmit thrust across joints.  These ties may be welded or harnessed joints.  
Joints may be welded in the field in order to transmit the thrust involved.  Information concerning 
types of harnessed joints available and size and pressure limitations can be obtained from the pipe 
manufacturers. 

7 UTILITY CONSTRUCTION RECOMMENDATIONS 

7.1 General 
This section is intended to address issues that might arise during construction.  Our 
recommendations are intended for use as guidelines in dealing with particular soil conditions.  The 
topics addressed in this section include trench excavation stability, groundwater control, and open-
cut construction considerations. 

The recommendations contained herein are not intended to dictate construction methods or 
sequences.  Instead they are provided solely to assist designers in identifying potential construction 
problems related to excavation, based upon findings derived from sampling.  Depending upon the 
final design chosen for the project, the recommendations may also be useful to personnel who 
observe construction activity. 

Prospective contractors for the project must evaluate potential construction problems on the basis 
of their review of the contract documents, their own knowledge of and experience in the local area, 
and on the basis of similar projects in other localities, taking into account their own proposed 
methods and procedures.   
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7.2 Open Cut Excavation Considerations  
Excavations should satisfy two requirements.  First, the soils above final grade must be removed 
without disturbing the soil below, which will support constructed facilities.  Second, the sides of the 
excavation must be stable to prevent damage to adjacent streets and facilities as a result of either 
vertical or lateral movements of the soil.  In addition, a satisfactory excavation procedure must 
include an adequate construction dewatering system to lower and maintain the water level at least a 
few feet below the lowest excavation grade. 

Excavation Stability.  Excavations shall be shored, laid back to a stable slope or some other 
equivalent means may be used to provide safety for workers and adjacent structures.  Earth 
pressures for braced excavations are presented on Plate 4.  Assessment of the need for excavation 
sloping, use of trench boxes, or other measures required to provide a stable excavation, and the use 
of appropriate construction practices and/or equipment is the contractor’s responsibility.  The 
following comments are intended to represent common solutions to stability problems encountered 
in similar soil conditions in the Houston area, and may not be construed as excavation system design 
recommendations.  The excavation operations shall be performed in accordance with 29 CFR Part 
1926 subpart P, as amended, including rules published in the Federal Register, Vol. 54, No. 209, 
dated October 31, 1989, as a minimum.  In addition, the provisions of legislation enacted by the 
Texas Legislature and City of Houston should be satisfied. 

Boring 
No. 

Street Name Station No. 

OSHA Soil Type 

Depth of Trench (ft.) 

0 – 5 5 – 10 10 – 15 15-20 

B-1 Almeda Road 33+00.42 B B - - 

B-2 Almeda Road 38+01.30 C B - - 

B-3 Almeda Road 44+00.24 B B - - 

B-4 Almeda Road 52+56.82 C B B B 

 

In general, it is our opinion that the pressure distribution (for braced walls) should be used for 
design of sheeting or trench boxes.  To reduce the potential for ground movement adjacent to the 
top of the excavation, the bracing should be preloaded in stages as the excavation is deepened.  The 
detailed earth pressure diagram is presented on Plate 4.  

The planned construction will be performed along alignments near existing utility installations 
(either crossing or paralleling the new alignments).  The contractors should be aware of potential 
excavation stability problems while working in the vicinity of old trenches and the excavation system 
should be designed to accommodate this weak material (trench backfill). 

The vertical walls of excavations should be located a safe distance from existing utilities in order to 
prevent movement in the soil mass behind the excavation that may adversely affect the utilities.   We 
recommend that the horizontal distance should be 4 feet for excavation depths of up to 10 feet. 

7.3 Select Fill and General Earthwork Recommendations 
The select fill required to raise the grade or backfill should consist of sandy clay with a liquid limit 
less than 40 and a plasticity index between 8 and 20.  Fill material that is used should be placed in 
loose lifts not exceeding eight inches and should be compacted to 95 percent of standard Proctor 
maximum dry density as determined by ASTM D698.   
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7.4 Spoil Disposal 
Spoil from construction will be generated from trench excavations.  Soils that will be excavated from 
this project area will consist primarily of cohesive soils.   Economically, possible uses of the cohesive 
spoil material may be limited to land reclamation, site grading, and final cover in sanitary landfill 
operations.  These soils may not be suitable for use in engineered fill. 

7.5 Groundwater Control 
Based on our field investigation, we do not expect the groundwater seepage during excavation up to 
10 feet.  However, it depends upon the groundwater conditions at the time of construction.  
Assessment of the need for groundwater control and installation of appropriate dewatering 
equipment is the contractor's responsibility.  The following comments are intended to represent 
common solutions to groundwater control problems encountered in similar soil conditions in the 
Houston area, and may not be construed as dewatering system design recommendations.  A 
conventional pump and sump arrangement may be adequate if water bearing cohesive soils are 
encountered during trench excavations.  Well points or eductors may be utilized to lower the 
groundwater level to at least three feet below the excavation level where water bearing cohesionless 
soils are encountered.  Well points are generally not effective below about 15 feet beneath the top of 
the well point, and deeper dewatering requires deep wells with submersible pumps and eductors.   

Control of groundwater should be accomplished in a manner that will preserve the strength of the 
foundation soils, will not cause instability of the excavation, and will not result in damage to existing 
structures.  Where necessary, the water will be lowered in advance of excavation by pump and sump 
arrangement, wells, well points, or similar methods.  Open pumping should not be permitted if it 
results in boils, loss of fines, softening of the subgrade, or excavation instability.  Discharge should 
be arranged to facilitate sampling by the owner's representative or engineer. 

8 EXISTING PAVEMENT DESCRIPTION  

8.1 General 
We understand that the project involves reconstruction of Almeda Road between from Old Spanish 
Trail (OST) to South MacGregor Way in Houston, Texas.  Our scope is limited to provide field, 
laboratory test results and to obtain existing pavement thickness.  Design of pavement cross section 
is beyond our scope and will be performed by TxDOT as mentioned in our proposal dated 
November 12, 2010 (Revised September 13, 2012). 

8.2 Existing Pavement Thickness  
The existing pavement within the project area was cored at eight locations as shown on Plates 2A to 
2G. The existing pavement structure and thickness are presented in the following table: 
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Coring 
No. 

Approximate 
Station No. 

Total 
Thickness 

(inch) 

Asphalt 
Thickness 

(inch) 

Concrete 
Thickness 

(inch) 

Base Thickness and 
Description 

C-1 13+83.20 24 3 9 
6” crushed concrete and  

6” stabilized sand 

C-2 23+20.52 18 6 - 12” crushed concrete 

C-3 33+00.42 12 2 10 - 

C-4 38+01.30 16 12 - 4” crushed concrete 

C-5 44+00.24 12 2 10 - 

C-6 52+56.82 24 9 - 
9” crushed concrete and 

6” shell 

C-7 59+98.97 15 - 9 6” stabilized sand 

C-8 67+69.89 12 - 6 6” crushed concrete 
      

8.3 Moisture Density Relationship 
Based on the results of the standard Proctor test presented on Plate D-1 of Appendix D, the 
maximum dry density of the composite sample was determined to be 107.6 pounds per cubic foot 
(pcf) at optimum moisture content of 16.6 percent. 

8.4 CBR Value 
One California Bearing Ratio (CBR) test was performed on the composite sample obtained from all 
the boring locations at the top 2 feet below pavement.  A design CBR of 1.8 was estimated at 95% 
of the maximum dry density.  The results of the CBR test are presented on Plates D-2 and D-3 of 
Appendix D. 

9 MONITORING 

9.1 Excavation Safety 
 
As required under OSHA regulations, the contractor should provide a “competent person” to 
inspect trench excavations daily before the start of work, as needed during the shift, and after every 
rainstorm or other hazard increasing occurrence.  When the competent person finds evidence of a 
hazardous condition, exposed workers should be removed from the hazardous area until the 
necessary precautions have been taken to ensure their safety.  A competent person means one who 
is capable of identifying existing and predictable hazards in the surroundings or working conditions 
which are unsanitary, hazardous or dangerous to workers, and who has authorization to take prompt 
corrective measures to eliminate them. 

9.2 Construction Material Testing 
We recommend that backfill be monitored by an accredited testing laboratory to verify that 
construction is performed in conformance with project specifications.  HVJ Associates routinely 
provides these services and would be pleased to do so for this project. 

10 DESIGN REVIEW 

HVJ Associates should be retained to review the final design plans and specifications for this 
project.  During all excavation, grading and construction phases of this project, HVJ should provide 
the materials testing verification and observation services so our geotechnical recommendations may 
be interpreted and implemented correctly. 
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11 LIMITATIONS 

This investigation was performed for the exclusive use of Walter P Moore and Associates, Inc., City 
of Houston and Texas Department of Transportation (TxDOT) for the proposed Almeda Road 
paving and drainage in Houston, Texas.  HVJ Associates, Inc. has endeavored to comply with 
generally accepted geotechnical engineering practice common in the local area.  HVJ Associates, Inc. 
makes no warranty, express or implied.  The analyses and recommendations contained in this report 
are based on data obtained from subsurface exploration, laboratory testing, the project information 
provided to us and our experience with similar soils and site conditions.  The methods used indicate 
subsurface conditions only at the specific locations where samples were obtained, only at the time 
they were obtained, and only to the depths penetrated.  Samples cannot be relied on to accurately 
reflect the strata variations that usually exist between sampling locations.  Should any subsurface 
conditions other than those described in our boring logs be encountered, HVJ Associates, Inc. 
should be immediately notified so that further investigation and supplemental recommendations can 
be provided. 
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SOIL SYMBOLS
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AND FIELD TEST DATA

PLATE  A-1

Stiff reddish brown and gray FAT CLAY (CH)
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Project No.:  HG1018580
Date:  5/13/2013
Northing:  13,822,522.4
Easting:  3,116,136.1

    = Torvane

See Plate 2 for boring location.

    = UU Triaxial
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WBS No.:  N-000806-0001-3
Elevation:  42.471 feet
Station:  33+00.42
Offset:  7.40' LT

Project:  Almeda Road Paving and Drainage
Boring No.:  B-1
Groundwater during drilling:  Dry
Groundwater after 24 hrs:  ---

SOIL/ROCK CLASSIFICATION
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SAMPLER SYMBOLS

AND FIELD TEST DATA

PLATE  A-2
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    = Unconf. Comp.

Project No.:  HG1018580
Date:  5/10/2013
Northing:  13,823,004.6
Easting:  3,116,271.9

    = Torvane

See Plate 2 for boring location.

    = UU Triaxial
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Project:  Almeda Road Paving and Drainage
Boring No.:  B-2
Groundwater during drilling:  Dry
Groundwater after 24 hrs:  ---
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Project No.:  HG1018580
Date:  5/10/2013
Northing:  13,823,583.4
Easting:  3,116,426.1

    = Torvane

See Plate 2 for boring location.

    = UU Triaxial

SOIL/ROCK CLASSIFICATION
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WBS No.:  N-000806-0001-3
Elevation:  43.423 feet
Station:  44+00.24
Offset:  2.15' RT

Project:  Almeda Road Paving and Drainage
Boring No.:  B-3
Groundwater during drilling:  Dry
Groundwater after 24 hrs:  ---
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Project:  Almeda Road Paving and Drainage
Boring No.:  B-4 (PZ-1)
Groundwater during drilling:  20 feet
Groundwater after 24 hrs:  28 feet

WBS No.:  N-000806-0001-3
Elevation:  41.29 feet
Station:  52+56.82
Offset:  27.05' RT
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See Plate 2 for boring location.
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Project No.:  HG1018580
Date:  5/13/2013
Northing:  13,824,405.7
Easting:  3,116,667.6
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WBS No.:  N-000806-0001-3
Elevation:  41.29 feet
Station:  52+56.82
Offset:  27.05' RT

Project:  Almeda Road Paving and Drainage
Boring No.:  B-4 (PZ-1)
Groundwater during drilling:  20 feet
Groundwater after 24 hrs:  28 feet





DRILLING  LOG 1 of 1

WinCore
Version 3.1

County Harris
Highway Almeda Road
CSJ 0912-72-072

Hole P-1
Structure Pavement
Station 13+83.20
Offset 22.01'LT

District Houston
Date 5/13/2013
Grnd. Elev. 44.25 ft
GW Elev.  N/A

Elev.
(ft)

L
O
G

Texas Cone
Penetrometer Strata Description

Triaxial Test               Properties
Lateral Deviator
Press.   Stress
 (psi)      (psi)

MC    LL   PI
Wet
Den.
(pcf)

Additional Remarks

Driller: Van & Sons Logger: EE Organization: HVJ Associates, Inc.

G:\HOUSTON\HOU PS\GEO\PROJECTS\2010\HG1018580, Almeda Road, Walter PMoore\Wincore\pavement.CLG

11 (6) 10 (6)

21 59 32

16
 3  23.5 24 31 14  129 

FILL, Dark gray fat clay with 
  gravel42.3
CLAY, Sandy, stiff, brown and 
  gray  (CL)

38.8

Remarks: WBS No. N-000806-0001-3

The ground water elevation was not determined during the course of this boring. 
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DRILLING  LOG 1 of 1

WinCore
Version 3.1

County Harris
Highway Almeda Road
CSJ 0912-72-072

Hole P-2
Structure Pavement
Station 23+20.52
Offset 25.63'RT

District Houston
Date 5/10/2013
Grnd. Elev. 44.82 ft
GW Elev.  N/A

Elev.
(ft)

L
O
G

Texas Cone
Penetrometer Strata Description

Triaxial Test               Properties
Lateral Deviator
Press.   Stress
 (psi)      (psi)

MC    LL   PI
Wet
Den.
(pcf)

Additional Remarks

Driller: Van & Sons Logger: EE Organization: HVJ Associates, Inc.

G:\HOUSTON\HOU PS\GEO\PROJECTS\2010\HG1018580, Almeda Road, Walter PMoore\Wincore\pavement.CLG

9 (6) 6 (6)

7

 2  56.5 25 62 32  123 

FILL, Brown sand with shells and 
  gravel42.8
FILL, Dark gray fat clay with 
  shells and gravel

39.3

Remarks: WBS No. N-000806-0001-3

The ground water elevation was not determined during the course of this boring. 
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DRILLING  LOG 1 of 1

WinCore
Version 3.1

County Harris
Highway Almeda Road
CSJ 0912-72-072

Hole P-3
Structure Pavement
Station 59+98.97
Offset 19.10'LT

District Houston
Date 5/13/2013
Grnd. Elev. 38.86 ft
GW Elev.  N/A

Elev.
(ft)

L
O
G

Texas Cone
Penetrometer Strata Description

Triaxial Test               Properties
Lateral Deviator
Press.   Stress
 (psi)      (psi)

MC    LL   PI
Wet
Den.
(pcf)

Additional Remarks

Driller: Van & Sons Logger: EE Organization: HVJ Associates, Inc.

G:\HOUSTON\HOU PS\GEO\PROJECTS\2010\HG1018580, Almeda Road, Walter PMoore\Wincore\pavement.CLG

17 (6) 13 (6)

24

23 % Passing #200 Sieve: 87.6
 3  99.3 20 72 42  128 

CLAY, Fat, stiff to hard, brown 
  and gray (CH)

33.4

Remarks: WBS No. N-000806-0001-3

The ground water elevation was not determined during the course of this boring. 
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DRILLING  LOG 1 of 1

WinCore
Version 3.1

County Harris
Highway Almeda Road
CSJ 0912-72-072

Hole P-4
Structure Pavement
Station 67+69.89
Offset 5.91'LT

District Houston
Date 5/13/2013
Grnd. Elev. 39.44 ft
GW Elev.  N/A

Elev.
(ft)

L
O
G

Texas Cone
Penetrometer Strata Description

Triaxial Test               Properties
Lateral Deviator
Press.   Stress
 (psi)      (psi)

MC    LL   PI
Wet
Den.
(pcf)

Additional Remarks

Driller: Van & Sons Logger: EE Organization: HVJ Associates, Inc.

G:\HOUSTON\HOU PS\GEO\PROJECTS\2010\HG1018580, Almeda Road, Walter PMoore\Wincore\pavement.CLG

7 (6) 7 (6)

23 % Passing #200 Sieve: 78.5
24

 3  21.1 26 56 33  121 

PAVEMENT, See Below38.4
CLAY, Fat, soft to stiff, brown 
  and gray w/ sand at 2' (CH)

33.9

Remarks: WBS No. N-000806-0001-3. Pavement: 6'' Concrete; Base: 6'' Crushed Concrete.

The ground water elevation was not determined during the course of this boring. 

 5 

 10 

 15 

 20 

 25 

 30 

 35 

 40 

 45 

 50 

 55 

 60 





 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

SUMMARY OF LABORATORY TEST RESULTS 
 

 
 
 
 
 
 
 
 
 
 



Project:  Almeda Road Paving and Drainage
Location: Houston, Texas
Number:  HG1018580
WBS No. N-000806-0001-3
CSJ No. 0912-72-072

B-1 0 0.83
B-1 1 19.8
B-1 2 0.67
B-1 3 56 25 31 92 22.3 126.6 0.7
B-1 4 1.5
B-1 5 77 11.8
B-1 6 1.5
B-1 7 13.9
B-1 8 1.5
B-1 9 42 19 23 32 120.8 0.86
B-1 10 0.33
B-1 11 67 21
B-2 0 0.58
B-2 1 17.2
B-2 2 0.25
B-2 3 90 29.8
B-2 4 0.42
B-2 5 53 20 33 91 30.4 127.2 0.38
B-2 6 0.67
B-2 7 32 118.7 0.52
B-2 8 0.42
B-2 9 96 33.7
B-2 10 0.42
B-2 11 64 24 40 33.5 119.8 0.39
B-3 0 1.25
B-3 1 17.1
B-3 2 1.5
B-3 3 63 23 40 22
B-3 4 1.42
B-3 5 45 17 28 57 15 124.3 1.38
B-3 6 0.92
B-3 7 23.3
B-3 8 0.5
B-3 9 40 15 25 20.7 128.5 0.42
B-3 10 0.33
B-3 11 29.4
B-4 1 11.1
B-4 2 0.75

% Pass 
#200 Sieve

Moisture 
Content 

(%)

Unit 
Weight 

(pcf)

Shear 
Strength 

(UU) (tsf)

Shear Strength 
(Pocket Pen) 

(tsf)

Plasticity 
IndexBorehole Depth Liquid 

Limit
Plastic 
Limit

PLATE B-1



Project:  Almeda Road Paving and Drainage
Location: Houston, Texas
Number:  HG1018580
WBS No. N-000806-0001-3
CSJ No. 0912-72-072

% Pass 
#200 Sieve

Moisture 
Content 

(%)

Unit 
Weight 

(pcf)

Shear 
Strength 

(UU) (tsf)

Shear Strength 
(Pocket Pen) 

(tsf)

Plasticity 
IndexBorehole Depth Liquid 

Limit
Plastic 
Limit

B-4 3 84 27.1
B-4 4 0.5
B-4 5 22 120.6 0.5
B-4 6 0.58
B-4 7 28.5
B-4 8 1
B-4 9 45 17 28 88 33.3 125.3 0.5
B-4 10 1
B-4 11 35.9 118.3 0.5
B-4 12 0.67
B-4 13 82 29 53 33.3
B-4 14 1
B-4 15 33.1
B-4 16 0.83
B-4 17 85 34.5
B-4 18 1
B-4 19 28 15 13 14.3
B-4 23 0.92
B-4 24 27 14 13 16.5
B-4 28 1.5
B-4 29 61 22 39 25.2 126.7 1.47
B-4 34 43 19
B-4 39 38 19.1
B-4 43 1.5
B-4 44 34 17 17 20 129.2 2.13
B-4 48 1.5
B-4 49 59 26 33 25.6 133.3 1.99
B-4 54 55 22 33 26.2 129 1.86
P-1 1 59 27 32 21
P-1 3 16
P-1 4 31 17 14 24 129 0.85
P-2 1 7
P-2 3 62 30 32 25 123 2.03
P-3 1 24
P-3 3 87.6 23
P-3 4 72 30 42 20 128 3.57
P-4 2 78.5 23
P-4 3 24

PLATE B-2



Project:  Almeda Road Paving and Drainage
Location: Houston, Texas
Number:  HG1018580
WBS No. N-000806-0001-3
CSJ No. 0912-72-072

% Pass 
#200 Sieve

Moisture 
Content 

(%)

Unit 
Weight 

(pcf)

Shear 
Strength 

(UU) (tsf)

Shear Strength 
(Pocket Pen) 

(tsf)

Plasticity 
IndexBorehole Depth Liquid 

Limit
Plastic 
Limit

P-4 4 56 23 33 26 121 0.76

20 20 20 14 46 18 18 31Total

PLATE B-3



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

PIEZOMETER INSTALLATION RECORDS 
 
 
 
 
 
 
 
 
 
 



Piezometer Details

Water Level Readings
Date Depth (ft.) Elev. (ft.)

Flush Mount Cover
Bentonite Cement Grout

Bentonite Pellets

2" Dia. Sch. 40 PVC Blank

Sand

2" Dia. Slotted 0.010" Screen

Depth Description

DRAWING NO.:

6120 S. Dairy Ashford Road
Houston, Texas 77072-1010
281.933.7388 Ph
281.933.7293 Fax

PROJECT NO.:

 

NOTES: 
- Piezometer was installed on 5/13/13. 
- See Plate 2 for boring location; see Plate 

A-4 for boring log. PIEZOMETER INSTALLATION REPORT 
PIEZOMETER NO. PZ-1 (B-4) 

WBS No. N-000806-0001-3/CSJ No. 0912-72-072 

PLATE C-1 HG1018580 

5/14/13 28.0 13.29 

0

25’ 

35’ 

23’

  2’ 

6/12/13 Dry N/A 







 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 

STANDARD PROCTOR AND CBR TEST RESULTS 
 
 
 
 
 



 

APPROVED BY:

6120 S. Dairy Ashford Road

Houston, Texas 77072-1010

281.933.7388 Ph
281.933.7293 Fax

PROJECT NO.:

PREPARED BY:

DRAWING NO.:

DATE: 06/03/2013 
ZA AR 

PROCTOR TEST RESULTS 

ALMEDA ROAD PAVING AND DRAINAGE 

WBS NO. N-000806-0001-3/CSJ NO. 0912-72-072 

 

HG1018580 PLATE D - 1 

 

TEST DATA

DATE TESTED: 5/21/13 LIQUID LIMIT : 55

TYPE OF MATERIAL : Brown Fat Clay with Sand (CH)PLASTICITY INDEX : 36

MAXIMUM DRY DENSITY : 107.6 pcf -200 SEIVE % : 75.8

OPT. MOISTURE CONTENT : 16.6 %



 

APPROVED BY:

6120 S. Dairy Ashford Road

Houston, Texas 77072-1010

281.933.7388 Ph
281.933.7293 Fax

PROJECT NO.:

PREPARED BY:

DRAWING NO.:

DATE: 06/03/2013 
ZA AR 

CBR TEST RESULT 

ALMEDA ROAD PAVING AND DRAINAGE 

WBS NO. N-000806-0001-3/CSJ NO. 0912-72-072 

 

 HG1018380 PLATE D - 2 

 



    

6120 S. Dairy Ashford Road
Houston, Texas 77072-1010

281.933.7388 Ph
281.933.7293 Fax

DRAWING NO.:PROJECT NO.:

APPROVED BY: PREPARED BY:
DATE: 06/04/2013 

CBR TEST SUMMARY 

ALMEDA ROAD PAVING AND DRAINAGE 

WBS NO. N-000806-0001-3/CSJ NO. 0912-72-072 

 

PLATE D - 3 HG1018580 

AR ZA 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 

SOIL PROFILE 
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