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Additional standard specifications not found in the list above and cross- referenced 
standard specifications not found in the list above may be obtained as follows: 
{City of Austin Standard Specifications, Series 100 through 16000, adopted April 6, 1986, 
as amended. Available for purchase from  
American Legal Publishing Corporation  Telephone 1-800-445-5588 
Folio Business Partners and Publishers  FAX  1-513-763-3562 
432 Walnut Street, 12th Floor   email  amlegal@aol.com 
Cincinnati, Ohio 45202    Web Page http://www.amlegal.com 
 
 
 
 

http://www.amlegal.com/
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SECTION 1 

Introduction 

!.! Purpose and Scope 

CH2M HILL and the City of Austin conducted two separate geotechnical investigations for the design and 

construction of the proposed Montopolis pump station facilities. This report details the field exploration, 

laboratory testing, engineering analyses and recommendations for the design and construction of the 

proposed facilities. 

The geotechnical investigations included the following tasks: 

• Conduct a total of 13 continuous-flight-auger (CFA) soil borings with drilling depths ranging from 2 to 40 

feet (ft) below the existing ground surface (bgs). 

• Perform moisture contents, Atterberg Limits tests, swell tests, unconfined compression tests, sieve 

analyses and sulfate content tests on representative soil samples. 

• Perform engineering analyses and develop geotechnical design and construction recommendations. 

• Prepare this report to provide recommendations for the earthwork and foundation design of the 

proposed facilities. 

!.# Project Description and Proposed Construction 

The proposed pump station is located at the northeast corner of the intersection of Montopolis Drive and E. 

Ben White Blvd. Currently, the project site is heavily wooded. Topography of the site slopes from north to 

south, from elevations 604 to 587 ft. The project location map is presented in the geotechnical data reports 

in Appendix A. 

 The proposed construction will consist of a 130-foot-in-diameter ground storage tank and a pump station. 

The detailed description of the proposed facilities, the plan dimension, approximate existing grade 

elevation, bottom elevation of base slab, estimated load, and type of construction are presented in Table 1-

1. The detailed site plan is presented in Appendix B. 

TABLE 1-1 

General Structures Information 

Structure Description 

Plan Dimensions 

(ft) 

Current Ground 

Elevation  

(ft, msl) 

Top of Slab 

Elevation  

(ft, msl) 

Estimated Unit 

Load  

  

Type of  

Construction 

4-MG Ground Storage 

Tank 

130 dia x 40 tall 594 to 603 598.5 2,600 psf,  wfl = 

3,500 psf 

Prestressed Concrete  

Pump Station 70 X 75  589 to 594  594.0 wfl = 3,000 plf  1-story concrete 

masonry 

Notes: 

MG = million gallon 

dia = diameter 

msl = mean sea level 

plf = pounds per linear foot  

psf = pounds per square foot 

wfl = wall footing load 
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SECTION 2 

Geotechnical Exploration  

#.! Field Exploration 

Field explorations were conducted by HVJ and Associates, Inc. of Austin, TX, and consisted of advancing a 

total of 13 CFA borings. The CFA borings were advanced to depths ranging from 2 to 40 ft bgs. 

The borings were located in the field using surveying equipment. The boring location plan and the boring 

logs are presented in Appendix B. 

#.!.! Sampling Methods 

Sampling methods included split spoon sampling and thin-walled tube sampling. These methods and 

sampling depth intervals are more fully described within HVJ’s data reports presented in Appendix A. The 

groundwater table was not encountered immediately after completion of the borings except in boring B-11, 

which is believed to be perched groundwater at this specific location. As noted in HVJ’s report, groundwater 

was not encountered in Boring B-11A, conducted within 5 feet from Boring B-11. 

TABLE 2-1 

Summary of Soil Borings 

Boring ID 

Estimated Ground Elevation  

(ft, msl) a 

Soil Boring Depth  

(ft, bgs) 

GWT Depth 

(ft, bgs) 

B-1 607 2 Not encountered 

B-2 610 2 Not encountered 

B-3 609 10 Not encountered 

B-4 601 30 Not encountered 

B-5 600 40 Not encountered 

B-6 595 30 Not encountered 

B-7 

B-8 

B-9, B-9A 

B-10 

B-11, B-11A 

B-12, B-12A 

B-13 

590 

613 

602 

599 

594 

598 

594 

40 

40 

40 

40 

40 

40 

40 

Not encountered 

Not encountered 

Not encountered 

Not encountered 

37 

Not encountered 

Not encountered 

Note: Borings B-9A, B-11A, and B-12A were subsequently conducted on October 23 and 24, 2014 to obtain additional samples. 

These borings were conducted within 5 feet of their respective borings B-9, B-11, and B-12. 
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#.!.# Laboratory Testing 
All disturbed samples were visually classified in the field in accordance with the Unified Soil Classification 

System (USCS). To aid the soil classification and evaluation of engineering properties of the soils, ten P200 

tests (percent passing the No. 200 sieve, ASTM D1140), 43 moisture content tests, and 27 Atterberg limit 

tests (ASTM D4318) were conducted by HVJ and Associates. Wet unit weights of 16 selected samples were 

also completed. To evaluate strength, 16 unconfined compression tests (ASTM D2166) were conducted. 

Swell testing (ASTM D4546 Method B) was also conducted on 5 samples. 

Sulfate content testing was also completed on three samples. The laboratory results are presented in the 

soil boring logs in Appendix A and tabulated within the data reports. 
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SECTION 3 

Subsurface Condition 

The subsurface condition at the proposed facilities location generally consists of 1 to 2 feet of brown to dark 

brown highly plastic fat clay overlying 4 to 8 feet of very stiff sandy lean clay to lean clay, and very stiff to 

hard fat clay, which overlies hard fat clay and clayshale to the maximum depth of the borings of 40 ft. The 

groundwater table was not encountered in twelve of the borings immediately after completion of the 

borings. However, groundwater was encountered in B-11 at 37 feet bgs and is considered a potentially 

localized perched condition.  

(.! Shrink-Swell Soil 

The tendency for a soil to shrink and swell with change in moisture content is a function of clay content and 

type, which are reflected in soil plasticity as defined by Atterberg Limits. A generalized relationship between 

shrink-swell (expansion) potential and the soil plasticity Index (P.I.) is shown in Table 3-1: 

TABLE 3-1 

General Relationship between P.I. and Shrink-Swell Potential 

P. I. Range Shrink-Swell Potential 

0 - 15 Low 

15 -25 Medium 

25 - 35 High 

Greater 35 Very High 

 

The surficial stiff to hard clay at this site possess a high to very high shrink-swell potential. The amount of 

expansion that will actually occur with increase in moisture content is inversely related to the overburden 

pressure; that is, the larger the overburden pressure, the smaller the amount of expansion. Near surface 

soils are thus susceptible to shrink-swell behavior because of low overburden pressures. 

Results of swell testing indicate the percent swell ranges from 0.15 to 2.95 percent. Load pressures ranged 

from 1,170 to 2,600 pounds per square foot (psf). The general trend of the data indicates swell pressures are 

less than 1 percent when overburden pressures are 2,200 psf or greater.  
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SECTION 4 

Geotechnical Analyses and Recommendations 

The findings of the subsurface investigation and laboratory testing were used to develop the following 

design analyses and recommendations.  

-.! Expansive Subgrade and Sloping Ground 

Index testing and swell testing indicates the existing subgrade materials are highly expansive, consistent 

with the Taylor Formation (Taylor Group) encountered below the alluvium in the area. If not properly 

addressed, swell pressures could impact foundations resulting in foundation cracking, damage, and potential 

tilting of structures. These swell pressures would be caused by moisture content variations (low moisture to 

high moisture) of the subgrade soil. Excessive moisture can be introduced either through storm water runoff 

or from artificial means such as irrigation, leaky pipes or leaky facilities holding or pumping water, which 

would be possible based on the planned facilities. 

Swell pressures range from 1,170 psf to 2,600 psf. If engineered fill and foundation pressures exceed these 

swell pressures, uplift will be negligible. Engineered solutions include removing the swelling soil and 

replacing with engineered backfill along with positive surface drainage away from foundation supports. 

Moisture barriers or water collection systems between the foundation system and swelling subgrade can 

also provide a means to stabilize moisture variations caused by leaky pipes or facilities. 

Another method to address these conditions is to design foundation systems to resist potential swell 

pressures. This includes deep foundations. Deep foundations would extend below the anticipated active 

zone to anchor the foundation against uplift movement. Due to the intermediate geomaterial conditions, 

drilled shafts would be the preferred deep foundation to anchor the foundation against uplift swell 

pressures. In case this option is chosen, pile calculations to estimate axial uplift loads, axial uplift resistance, 

and axial compressive loads for 24-inch and 30-inch diameter drilled shafts are provided in the appendices. 

Deep foundations is preferred to resist potential uplift at the pump station. Anticipated foundation 

pressures for the ground storage tank are equal to or greater than the highest measured swell pressure. 

Therefore, uplift is not anticipated at this location. 

Sloping ground conditions at the site requires back-cuts into the slope to achieve final floor elevations for 

the proposed structures. Based on review of the unconfined compression test results, these back-cuts will 

result in the structures being founded partially on hard clay/soft rock and structural fill, resulting in variable 

stiffness under the foundations. To avoid this condition, back-cuts should be over-excavated and replaced 

with the same structural fill placed in the fill portions of the foundation area. These back-cut over-

excavations are typically 5 ft, based on review of the proposed grading plans. Back-cut over-excavations for 

the pump station are not required because it will be supported by piles, as noted above. 

The following over-excavation and backfill procedures are recommended: 

• For the ground storage tank, in cut areas of the subgrade, over-excavation the fat, hard clay to depths 

allowing a minimum of 5 feet of compacted structural fill below the bottom of footings and across the 

base slab. The bottom of the overexcavation should be extended to at least 4 feet from the edge of the 

perimeter footings. Once excavated, the bottom exposed subgrade should be protected from saturation 

or moisture changes. The placement of a concrete seal slab is recommended as soon as practicable after 

excavation and subgrade preparation. The seal slab is described in Section 4.8.2.  

• After overexcavation and before structural fill placement, a perimeter drain consisting of a 4-inch-

diameter perforated corrugated pipe with a filter sock should be installed on the concrete seal to allow 

drainage of potential water buildup within the structural fill. The bottom of the overexcavation should 

be graded to a minimum of 1-2 percent towards the downslope exit point of the pipe. 
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• Structural fill should meet the requirements as mentioned below in Section Fill and Backfill. The 

structural fill should be placed in 8-inch maximum loose lifts, with each lift compacted to at least 

100 percent of the maximum dry density, as determined by TxDOT test method Tex-113-E.  

• Around the perimeter of exposed footings, a 12-inch-thick compacted fat clay should be placed to 

prevent surface water from entering the compacted structural fill. The fat clays should be well 

processed and moisture conditioned to 2 to 3 percent above optimum moisture before placement. 

•  All exposed subgrades should be protected from flooding and backfilled as soon as practicable. Positive 

surface drainage should be provided to drain ponding storm water off of exposed subgrades. 

• All surface water should be diverted from the proposed facilities by sloping the grade away from the 

facilities or by constructing a drainage swale.  

Based on assessment of swell pressures, the percent swell, foundation and structural backfill pressures, 

along with recommended ground surface and subgrade preparations noted above, the anticipated swell 

uplift at the storage tank is estimated to be negligible. The pump station will be supported on piles founded 

at minimum tip elevations to resist uplift pressures. 

The overexcavation and backfill requirements for the ground storage tank are illustrated in the Figure 4-1. 

-.# Subgrade Preparation for Access Road 

Overexcavation of fat clay under the access road is also recommended. The overexcavation should be 

extended to 4 feet beyond the perimeter of the pavement and to 24 inches below the base course of the 

pavement. The overexcavation should be replaced with structural fill placed in 8-inch maximum loose lifts, 

with each lift compacted to at least 100 percent of the maximum dry density, as determined by TxDOT test 

method Tex-113-E.  

-.( General Excavation and Trench Excavation 

The borings indicate materials at the site can be excavated with conventional earth moving equipment, such 

as backhoes and front-end loaders. An un-braced temporary excavation with the side slope inclined at 1.5 

horizontal (H) to 1 vertical (V) or flatter is expected to remain stable if it is not subjected to surcharge load or 

vibration. Excavations should be sloped or shored in accordance with Occupational Safety and Health 

Administration (OSHA) Standard 29 CFP part 1926, 652 requirements. Surface water runoff should be 

prevented from entering the excavation by berms, swales, or other methods. All grass, topsoil, and organic 

material should be stripped before excavation begins. Excavation should be conducted in accordance with 

all federal, state, and local ordinances protecting workers. 

In areas where un-braced excavations are not practical, an excavation support system shall be installed. It is 

up to the excavation contractor to determine the support system. Excavations within the influence zone of 

an existing structure, utility, or pavement must be shored. The influence zone is defined at a slope ratio of 

1.5H:1V from the nearest edge of an existing structure, utility, or pavement. 

-.- Fill and Backfill 

-.-.! Structural Fill 

Structural fill is recommended for fill to be placed beneath slabs, footings, grade beams, and pavements. 

Structural fill should consist TxDOT Item 247, Type A, Grade 2 Flexible Base. The structural fill material 

should be placed in 8-inch maximum loose lifts, with each lift compacted to at least 100 percent of the 

maximum dry density, as determined by TxDOT test method Tex-113-E.  
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Structural fill should be used for fill adjacent to walls. The structural fill should be compacted with plate 

vibratory compactors or hand-operated power tampers. For backfill that will support adjacent structures, 

the backfill material should be placed in 8-inch maximum loose lifts with each lift compacted to 100 percent 

of the maximum dry density, as determined by TxDOT test method Tex-113-E. To prevent excessive lateral 

pressure on external walls, large compaction equipment should not be allowed within a zone formed by a 

45-degree slope from the base of the wall footing. 

-.-.# Pipe Zone Backfill 

Backfill material for the pipe zone should consist of controlled, low strength material (CLSM). CLSM is a fluid 

mixture of Portland cement, water, and fine aggregates or fly ash. The consistency of the material is that of 

a slurry grout, and the material is placed like concrete. For use as a pipe zone backfill material, the mixture 

should be designed for a 28-day compressive strength of 100 to 150 pounds per square inch (psi). 

If weak or soft subgrade soils are encountered during construction of the pipeline, such material should be 

over excavated a minimum depth of 1 foot below the proposed pipe invert and replaced with CLSM. 

When placing CLSM, the contractor should ensure the pipe is properly anchored to prevent hydrostatic 

uplift. 

-.-.( Trench Backfill above Pipe Zone 

Backfill material above the pipe zone may consist of moisture-conditioned excavated soil (earth fill). Such 

excavated soil shall be free of roots, debris, clay, organic material, rock larger than 3 inches, or other 

deleterious objects to be suitable for use as trench backfill above the pipe zone. Trench backfill should be 

placed and spread in layers with 10-inch maximum loose lifts and should be compacted to 95 to 102 percent 

of the maximum dry density at a moisture content of at least 2 percent above optimum, as determined by 

TxDOT test method Tex-114-E.  

The recommendations noted in 4.4.2 and above will reduce the risk of swell movements from leaky pipes 

and surface water infiltration within the pipe zone. However, flexible pipe connections are recommended to 

address the potential for these movements.  

-.-.- Tank Sand Cushion 

If required, a sand cushion shall consist of clean washed natural or manufactured sand conforming to the 

requirements of ASTM C144 with the additional requirement that the percent passing the No. 200 sieve not 

exceed 5 percent. Sand shall be free of chlorides or other corrosive and deleterious substances. Resistivity of 

saturated sand shall be not less than 10,000 OHM-CM.  

-.0 Groundwater Control 

Groundwater was not encountered in the borings, except for perched groundwater encountered in Boring 

B-11, at 37 feet bgs. Control of storm water may be necessary for trench excavation. Storm water that 

accumulates in the bottom of the excavation should be diverted by trenching to a low sump, and then 

pumped out by sump pump. Attempts should be made to divert storm water runoff away from open 

excavations by building temporary diversion berms or ditches. Exposed, over-excavated subgrades 

supporting structures should be protected from ponding storm water and backfilled with structural fill as 

quickly as possible. 

-.1 Lateral Earth Pressures 

Structural fill, as recommended above, should be used for backfill behind walls. For walls backfilled with 

structural fill, the equivalent earth pressures, in terms of equivalent fluid pressure, presented in Table 4-2 

are recommended for calculating at-rest, active and passive earth pressures.  
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TABLE 4-2 

Recommended Design Equivalent Fluid Pressure 

Condition 

Equivalent Fluid Pressure, Above 

Groundwater Table, psf/ft Equivalent Fluid Pressure, Below Groundwater Table, psf/ft 

At-Rest 60 94 

Active 40 83 

Passive 360 250 

 

-.2 Thrust Restraints 

Pressurized pipes and fittings are commonly joined with push-on or mechanical joints. These joints do not 

provide significant restraint against separation caused by thrust forces as a result of a change in direction or 

a change in pipe cross-section. To resist the thrust force it is recommended the use of restrained joints.  

The design of thrust restraint system is primarily to estimate the length of pipe that must be restrained on 

each side of the thrust force location. Several parameters must be considered in the design of length of the 

thrust restraints. These parameters are; pipe size, internal pressure, depth of cover, and characteristics of 

the soil surrounding the pipe, such as, unit weight, friction angle, cohesion etcetera.  

Assuming the backfill to be used is prepared in accordance with the recommendations of this report; it is 

recommended to use the following soil engineering properties for the restrained joint design: 

• Drained friction angle (phi) = 24° 

• Drained cohesion (c) = 200 pounds per square foot (psf) 

• Unit weight of soil (gamma) =120 pounds per cubic foot (pcf) 

• Allowable bearing capacity = 3,000 psf  

• Soil/ductile iron pipe contact friction angle (δ) = 21° 

• Modulus of Soil reaction = (E') = 3,000 psi 

• Friction reduction factors: 

− Ductile Iron Pipe (wrapped) = 0.56 

− Ductile Iron Pipe (unwrapped) = 0.80 

A geotechnical engineer should design thrust restraints using actual pipe testing pressures and the indices 

presented above. 

-.3 Foundation Design Recommendations 

-.3.! Spread Footings and Slabs-on-Grade 

Based on the soil profile encountered in the borings, and assuming the ground storage tank foundation will 

be prepared as recommended above, it is recommended that the proposed tank be supported with shallow 

spread footings and slab-on-grade or mat foundation provided that the foundation soil is prepared as 

recommended above. The spread footings should be designed using a maximum allowable net bearing 

pressure of 4,000 psf for the tank perimeter footing. This allowable bearing pressure can be increased 30 

percent for short-term loads such wind loading. The tank wall footings should be at least 24 inches wide and 

embedded at least 1.5 feet below the finished grade. 

The slabs-on-grade or mat foundation should be designed using a modulus of subgrade reaction for a 1-foot 

square plate of 150 tons per cubic foot (tcf) for the proposed facilities. This modulus of subgrade reaction 

should be adjusted to account for the difference in size between the plate and the actual foundation. The 

following equation provides the necessary adjustments: 
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where: 

 Ks = Adjusted modulus of subgrade reaction for square mat or raft foundation, (tcf) 

K1 = Modulus of subgrade reaction for a 1-foot square plate, (tcf) 

B = Width of square mat or raft foundation, (feet) 

The equation above applies to square mat or raft foundations. The following equation should be used to 

adjust Ks for rectangular mat of raft foundation: 
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where: 

 Kr = Adjusted modulus of subgrade reaction for a rectangular mat or raft foundation, (tcf) 

Ks and B = as defined above 

L = Length of mat or foundation, (feet) 

The total and differential settlements of the proposed facilities supported by the foundation recommended 

above and assuming the underlying fat clay will be over-excavated and replaced as recommended above, 

are estimated to be less than 1 inch and ½ inch, respectively. CH2M HILL believes that the estimated 

settlements are within tolerable limits for the proposed facilities. 

A recommended coefficient of friction between mass concrete and structural fill is 0.50, assuming no 

visqueen or plastic sheeting is in place. 

-.3.# Concrete Seal Slab 

Immediately after overexcavation and prior to structural backfill, a seal concrete slab should be placed over 

the excavated subgrade surface to preserve the moisture content of the soil and prevent rain from 

saturating the surface. The seal concrete slab should be at least 4 inches thick and have an unconfined 

compressive strength of 2000 psi. 

-.3.(  Drilled Shaft Foundation 

As previously noted, the proposed pump station will be supported on drilled shafts designed to resist 

potential uplift loads due to a swelling subgrade. Drilled shafts can be either 24 inch or 30 inch diameter, 

without belled tips. Axial uplift and compression capacities were estimated using the program Shaft, by 

Ensoft. Axial uplift was assumed acting on the shaft over a maximum active-zone depth of 15 feet below 

ground surface. The uplift shear stress acting on the shaft was assumed equivalent to the maximum side 

shear developed in compression. Based on the anticipated dead and live loads and the given cut-off 

elevations from the structural designer, the design tip elevations for the shafts are recommended in Table 4-

3. Drilled shaft installation should follow the project specifications. 

A minimum 8-inch-thick void form should be placed between the underlying subgrade surrounding the 

shafts and the bottom-of-slab to accommodate potential subgrade swell movements. This will also minimize 

swell pressures from impacting the bottom of the slab. Any fill that is needed surrounding grade beams or 

within the subgrade should consist of compacted structural fill, as noted.  A minimum 4-inch diameter 

perforated pipe drains, similar to Figure 4-1, should be installed below and parallel with each pipe gallery to 

facilitate subgrade drainage in this area. The drains should daylight downslope. 
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TABLE 4-3 

Recommended Drilled Shaft Foundation, Pump Station 

Drilled Shaft 

Location 

Drilled Shaft 

Numbers 

Cut-off 

Elevation 

(feet) 

Tip 

Elevation 

(feet)1 

Length 

(feet) 

Maximum 

factored load in 

Compression 

(tons)2 

Allowable 

Axial 

Resistance 

(tons)3 

Pump Station, 

Bottom-of-

Slab 

P-1 through P-7,       

P-22 through P-28, 

P-43 through P-49 
592 559 33 37 175/275 

Pump Station, 

Pipe Gallery, 

Bottom-of-

Slab 

P-8 through P-21,      

P-29 through P-42 
585 568 17 62 144/200 

1 
tip elevation controlled by swell uplift pressures and minimum pile dead load 

2
 Includes dead and live loads  

3
 allowable axial resistance in compression, 175 and 144 tons for 24-inch-diameter shaft, 275 and 200 tons for 30-inch-diameter diameter shaft 

-.3.- Seismicity 

The project site is located in an area of low seismic activity. Based on the results of the soil borings 

conducted at the project site and additional subsurface information within the project region, the site is 

classified as D using the 2009 edition of the International Building Code (IBC2009). 

-.4 Pavement Design Recommendations 

New access roads and parking areas will be constructed for access to the facilities. The subgrade soil at the 

site mainly consists of highly plastic clay. The subgrade soil should be over-excavated as recommended or 

stabilized with lime to a depth of 12 inches and compacted to a minimum of 100 percent of the maximum 

dry density as determined by TxDOT test method Tex-113-E, assuming structural fill replacement. The 

moisture content of the stabilized material should be at optimum moisture content, +2 percent. The lime 

stabilization should be performed in accordance with TxDOT Item 260. For the pavement design, a California 

Bearing Ratio (CBR) of 2 for the stabilized subgrade is recommended. 

-.!5 Summary 

The findings and recommendations of this investigation are summarized below: 

• Sloping foundation soil under the proposed ground storage tank should be over-excavated 5 feet below 

the bottom of the footings or base slab and replaced with structural fill (TxDOT Item 247, Type A, Grade 

2) placed in 8-inch lifts and compacted to at least 100 percent of the maximum dry density as 

determined by TxDOT test method Tex-113-E. 

• Exposed subgrades should be protected from ponding water by backfilling as quickly as practicable and 

providing positive surface drainage. 

• A sub-drain consisting of a perforated drain pipe wrapped in a filter sock should be installed at the 

bottom of the excavation to drain potentially trapped water within the structural fill. The bottom of the 

overexcavation should be graded 1-2 percent in the direction of the exit point for the pipe at the ground 

surface. A sub-drain is also recommended at the pump station located below and parallel to the pipe 

galleries.  
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• The subgrade soil under pavement should be over-excavated to 24 inches below the bottom of base 

course and replaced with compacted structural fill or stabilized with lime to a depth of 12 inches. TxDOT 

Item 260 should be followed regarding lime stabilization. 

• Side slopes for excavations shallower than 5 feet should be no steeper than 1.5 H to 1 V. Excavations 

deeper than 5 feet should be sloped in accordance with OSHA requirements. 

• CLSM should be placed for pipe zone backfill material. Flexible pipe connections are recommended. 

• Excavated materials (earth fill) can be placed as backfill above the pipe zone materials beneath roads in 

maximum 10-inch lifts and compacted to at least 95 to 102 percent of the maximum dry density as 

determined by TxDOT test method Tex-114-E, at 2% above optimum moisture content. 

• A concrete seal slab should be immediately placed on top of exposed, over-excavated subgrade, below 

the ground storage tank, to preserve the moisture content and protect the exposed surface from 

saturation. 

• To support the proposed ground storage tank, spread footings designed with a maximum allowable 

bearing net pressure of 4,000 psf for the tank perimeter footing is recommended. The tank wall footings 

should be at least 24 inches wide. A modulus of subgrade reaction of 150 tons per cubic foot (tcf) is 

recommended for the design of the slab-on-grade foundation. 

• Drilled shaft foundations are recommended for support of the pump station. The shafts should be 

installed to tip elevations of 559 feet and 568 feet, as noted in Table 4-3. 
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SECTION 5 

Limitations 

This report has been prepared for the exclusive use of City of Austin, for specific application to the proposed 

pump station facilities. This report is in accordance with generally accepted geotechnical engineering 

practices. No other warranty, express or implied, is made. 

The analyses and recommendations in this report are based on the data obtained from the soil borings. The 

borings indicate soil conditions only at specific locations, times, and only to the depths penetrated. They do 

not necessarily reflect strata variations that may exist between the boring locations. If variations in 

subsurface conditions from those described are noted during construction, recommendations in this report 

may need to be re-evaluated. 

Information on actual subsurface conditions exists only at specific locations and dates indicated. Soil 

conditions and ground water levels at other locations may differ from conditions occurring at the boring 

locations. If any changes in the nature, design, or location of the pipelines are planned, the conclusions and 

recommendations contained in this report should not be considered valid unless the changes are reviewed 

and the conclusions of this report modified or verified in writing by a CH2M HILL geotechnical engineer. 

CH2M HILL is not responsible for any claims, damages, or liability associated with interpretation of 

subsurface data or reuse of the subsurface data or engineering analyses without the express written 

authorization of CH2M HILL. 
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SECTION 6 

References 

ASTM. Test Method D1586 Method for Penetration Test and Split-Barrel Sampling of Soils. 

ASTM. Test Method D2487 Standard Test Method for Classification of Soils for Engineering Purposes. 

ASTM. Test Method D698 Test for Moisture-Density Relations of Soils. Using 10-lb Rammer and 18-inch Drop. 

ASTM. Test Method D4318 Standard Test Method for Atterberg Limit Tests of Soil.
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1 INTRODUCTION 

1.1 General 

HVJ Associates, Inc. (HVJ) was retained by CH2M Hill to perform a geotechnical investigation for 
the Montopolis Pump Station Facility.  The proposed project is located approximately 0.3-0.5 miles 
northeast of Montopolis and SH71 intersection.  The purpose of this project is to construct a new 
pump station/water tank.   
 
1.2 Scope of Work 

HVJ’s scope of work is to provide information on subsurface conditions at the proposed location 
for the new pump station facility. The primary objective of this study was accomplished by: 

• Task 1: Exploratory Borings 

o Drilled a total of 7 borings to depths of 2, 10, 30, and 40 feet below existing grade 
for a total drilling depth of 154 linear feet. 

• Task 2: Laboratory Testing 

o Performed laboratory tests on select soil samples to determine the physical and 
engineering properties of the subsurface materials. 

• Task 3: Data Report 

o This Data Report includes the following 

§ Site vicinity map 
§ Geology map 
§ Plan of borings 
§ Boring logs 
§ Laboratory test results summary 
§ Site Characterization 

 

Subsequent sections of this report contain descriptions of the field exploration, laboratory testing 
program, the general site and subsurface conditions, and limitations. 

2    FIELD EXPLORATION 

2.1 General 

The field exploration program undertaken for the project was conducted between July 16th, 2013 and 
July 26th, 2013.  Seven (7) borings were completed to investigate subsurface conditions.  The 7 
borings were drilled to termination depths as follows: 2 (2 foot); 1 (10 foot); 2 (30 foot); 2 (40 foot). 
Borings were advanced using a B-53 Mobile truck mounted drill rig equipped with continuous flight 
augers as well as standard sampling equipment. Approximate boring locations are provided in the 
Plan of Borings, Plate 3. The final boring logs are presented in Plates 4 through 10 and a key to 
terms and symbols used is provided on Plate 11. 



 

 

2.2 Sampling Methods and Field Testing 

Fine grained, cohesive soils encountered were sampled using a 3-inch outer diameter thin-walled 
tube, which was pushed into the soil in general accordance with ASTM standard D 1587- Thin 
Walled Tube Sampling of Soils.  The samples were extruded in the field and a calibrated pocket 
penetrometer was used to obtain an estimate of the unconfined compressive strength of the sample. 

Standard Penetration Tests (SPTs) were conducted in non-cohesive soils within the soil strata.  The 
requirement that TCP be conducted every five feet caused the SPTs to be performed with a slight 
deviation from ASTM D 1586 – Penetration Test and Split-Barrel Sampling of Soils.  The procedure 
performed in the field consisted of driving a standardized 1.50 ± 0.005 inch inner diameter split-
spoon sampler into undisturbed soil with a 140-pound hammer falling 30 inches. The split-spoon 
sampler was first seated 6 inches to penetrate any loose cuttings and was then driven an additional 
12 inches with blows from the hammer.  The number of hammer blows required to drive the 
sampler each 6-inch increment was recorded.  The penetration resistance, or “N-value”, is defined as 
the number of hammer blows required to drive the sampler the final 12 inches and was used in the 
field to estimate the density of granular soils or the consistency of cohesive soils. In very dense 
material the SPT test was typically stopped after 50 blows from the hammer and the measurement 
was recorded as 50 blows per distance penetrated (e.g. 50 over 3 inches).   

Classification and field test results for both the thin-walled tube and split-spoon samples were 
recorded onto field logs, which included a visual description in accordance with ASTM D 2488 – 
Visual Description and Identification of Soils.  After field documentation and logging was complete, the 
individual soil samples were either wrapped in plastic or placed in sealed containers to prevent loss 
of moisture and were transported to our laboratory for further examination and testing. 

2.3 Groundwater Conditions 

No groundwater was encountered during the investigation.  However, groundwater observations 
made during drilling operations typically do not accurately reflect the true groundwater conditions.  
Therefore, the lack of free flowing groundwater into the boreholes should not be taken as 
confirmation the groundwater table is at a depth below the boring(s) termination depth. 
Additionally, it should be noted that groundwater levels may fluctuate seasonally in response to 
rainfall/climatic conditions and the boring were drilled during a period of extreme drought 
(potential drought of record). 

2.4 Borehole Completion 

All project borings were backfilled with soil cuttings, bentonite chips as required to meet existing 
surface conditions. 
 

3 LABORATORY TESTING 

3.1 General 

Soil samples transported to our laboratory were further examined and described and a preliminary 
soil classification was assigned to each soil sample based on ASTM D 2487 – Classification of Soil for 
Engineering Purposes.   

Classification testing, which included moisture contents, Atterberg limits, and percent passing the 
No. 200 sieve, was subsequently conducted on select samples. The results of these tests were used to 
confirm or modify the preliminary soil classifications.   



 

 

The sampling information obtained in the field was used in conjunction with the laboratory 
examination and testing to generate final boring logs, provided in Plates 4 through 10. A Key of 
Terms and Symbols for the boring logs is provided on Plates 11A-B. The laboratory test results are 
provided on the final borings logs, as well as tabulated in Appendix A.  

3.2 Atterberg Limits 

Select samples were tested to determine the Atterberg Limits in accordance with ASTM D4318-10 
(Tex 104E, and 105E).  The Atterberg Limit test is used to classify the soil using the Unified Soil 
Classification System (USCS).   The Atterberg Limit test consists of two parts: a liquid limit test and 
a plastic limit test.  The liquid limit equipment setup consists of a brass cup partially filled with soil 
which is grooved with a specialized grooving tool, and then dropped freely from a specified height 
to the rubber base below at a constant rate of 2 drops per second.  The liquid limit test is performed 
on soil that has been sieved through the No. 40 sieve and brought to a moisture content that would 
close the ½-inch groove within 20 to 30 blows for two consecutive tests.  The moisture content of 
the soil is then measured and recorded as the liquid limit.  The second part of the tests consists of a 
rolling a remolded sample between the tips of the fingers and a glass plate until transverse cracks 
appear at a rolled diameter of 1/8-inch.  The moisture content of the rolled sample is taken and 
recorded as the plastic limit.  

3.3 Percent Passing the No. 200 Sieve 

Select soil samples were tested in accordance with ASTM D1140-00 (Tex 111E) to determine the 
amount of material finer than the No. 200 sieve for use in classification.  An oven dried sample of 
material is weighed then washed over a 75-µm (No. 200) sieve, allowing clay and other particles to 
be dispersed and removed from the soil.  The retained material is oven dried then reweighed.  The 
loss in mass resulting from the washing is calculated as mass percent of the original sample and is 
reported as the percentage of material finer than a No. 200 sieve.   

3.4 Moisture Content 

Moisture content testing was performed on select soil samples to determine the in situ state of 
moisture of the soil.  A fresh sample was weighed before being placed in an oven with a controlled 
temperature of 230°F and dried back to a constant mass.  Upon the drying and reweighing of the 
sample, the total mass of water lost was recorded.  The ratio of the water loss to the dried mass is 
recorded as the moisture content.  This test was performed in accordance with ASTM D2216-10 
(Tex 103E). 

4 SITE CHARACTERIZATION 

4.1 General Geology  

According to the Geologic Atlas of Texas, Seguin Sheet (University of Texas Bureau of Economic 
Geology, 1974), the proposed project is located within an area characterized by High Terrace 
Deposits (Qht) and Taylor Group (Kta). 

The High Terrace Deposits generally consist of gray to tan gravel, sand, silt, and clay. Gravel is 
commonly exposed to the surface in southeastern parts, and silty clay is in an upper part underlain 
by coarse soils in northwestern parts.   

The Taylor Group has been divided into three formations, based on Keith Young (1965), from 
bottom to top: Sprinkle, Pecan Gap, and Bergstrom.  The formations consist of calcareous, 
montmorillonitic, highly over-consolidated clay, marly clay, and clay shale varying in color and 



 

 

calcium carbonate content.  It is highly plastic, with high swelling potential, and very unstable. When 
left exposed to the air, it will slake. Thickness of the Taylor Group ranges from approximately 50 
feet thick in the area of southeast Austin to approximately 300 feet thick in the area of Walnut 
Creek.     

According to available geologic data, there are no mapped faults within the local vicinity of the 
project.  

4.2 Subsurface Stratigraphy 

Soil and groundwater conditions along the project alignment described herein are based on 
information obtained at the boring locations only.  Significant variations at areas not explored by the 
project borings may require reevaluation of our findings and conclusions. Subsurface soils as 
encountered at the project location are discussed below. 

In general, the subsurface encountered at the site can be characterized using three layers. The 
uppermost layer at the site ranges from 0-2 feet thick (absent in B-1) and consists of dark brown Fat 
Clay (CH) with varying amounts of sand and gravel.  The middle layer was made up of a tan colored 
clayey soil that seemed to have increasing sand content in the north end of the project area.  In this 
layer Clayey Sand (SC), Sandy Lean Clay (CL), and Lean Clay (CL) was encountered with thicknesses 
ranging from 4-7.5 feet.  The lowest layer, containing tan and light gray Fat Clay (CH), extended past 
the termination depths of all borings. Table 2, below, shows the laboratory testing statistics for each 
layer described above.  

Table 2: Soil Laboratory Summary 

Laboratory Test Average Maximum Minimum Standard Deviation 

Upper 
Moisture Content (%) 21 23 19 2.4 

Liquid Limit (%) 66 72 60 8.5 
Plasticity Index (%) 38 47 29 12.7 

% Passing No. 200 Sieve 74 80 68 8.3 
Middle 

Moisture Content (%) 10 11 9 0.9 
Liquid Limit (%) 44 48 40 3.4 

Plasticity Index (%) 22 28 18 3.4 
% Passing No. 200 Sieve 85 96 70 11.3 

Lower 
Moisture Content (%) 14 17 11 2.2 

Liquid Limit (%) 55 63 49 5.1 
Plasticity Index (%) 32 41 23 6.6 

% Passing No. 200 Sieve 93 97 90 2.8 
 

 



 

 

5 LIMITATIONS 

This geotechnical data report has been issued for the exclusive use of CH2M Hill and the City of 
Austin for the Montopolis Water Pump Station Project. 

In performing our geotechnical investigation, 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 information contained in this report is based on data 
obtained from subsurface exploration and laboratory testing, as well as preliminary project design 
information that has been provided to us.   

The exploration methods used indicate subsurface conditions only at the specific location 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 or areas where borings were not performed.  Should any subsurface conditions 
other than those described in our test boring be encountered, HVJ Associates should be 
immediately notified so that further investigation and supplemental recommendations can be 
provided.   
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APPENDIX A 

LABORATORY TEST SUMMARY 

 



Dry
Unit

Weight
(pcf)

B-4 0-1.5 80 72 47 22.6
1.5-3 70 48 23 9.4
4-5.5 91 42 23 8.7
6.5-8 96 46 28 11.1
9-10.5 94 51 27 11.6
13.5-15 97 63 35 14.9

B-5 1-2.5 42 21 8.7
3-4.5 48 18 9.4
5-6.5 53 37 11.1
7.5-9 57 39 12.7
9-10.5 52 36 11.7
13.5-15 62 41 15.8

B-6 0-2 68 60 29 19.2
2-4 84 40 20 10.3

5-6.5 90 50 23 13.3
7-9 91 49 25 15.3

13-15 94 56 28 17.4

% Passing 
No. 200 

Sieve

Liquid 
Limit     
(%)

Plasticity 
Index     
(%)

Moisture 
Content  

(%)

Wet      
Unit      

Weight    
(pcf)

Unconfined 
Compressive 

Strength     
(tsf)

LABORATORY TEST RESULTS SUMMARY
Project Name: Montopolis Pump Station

Project Number: AG 10 11441

Boring  
Number

Depth    
(ft)
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1 INTRODUCTION 

1.1 General 

HVJ Associates, Inc. (HVJ) was retained by Public works division of the City of Austin to perform a 
geotechnical investigation for the Montopolis Pump Station Facility.  The proposed project is located 
approximately 0.3-0.5 miles northeast of Montopolis and SH71 intersection.  The purpose of this 
project is to construct a new pump station/water tank.   
 
A prior geotechnical investigation for this project was performed by HVJ and submitted (report no. 
AG1011441) to the City of Austin and CH2M Hill on September 23, 2013. The boring locations for 
the aforementioned report (Borings B-1 thru B-7) along with the new borings performed for this 
report (Borings B-8 thru B-13) are shown on Plate 3, Plan of Borings.  Borings (B-9A, B-11A, and 
B-12A) were drilled within 5 feet of the existing borings B-9, B-11, and B-12 and are not shown 
separately on the Plan of Borings for presentation purposes.  
 
 
1.2 Scope of Work 

HVJ’s scope of work is to provide information on subsurface conditions at the proposed location for 
the new pump station facility. The primary objective of this study was accomplished by: 

• Task 1: Exploratory Borings 

o Drilled a total of 9 borings, each to a depth of 40 feet below existing grade for a total 
drilling depth of 360 linear feet. 

• Task 2: Laboratory Testing 

o Performed laboratory tests on select soil samples to determine the physical and 
engineering properties of the subsurface materials. 

• Task 3: Data Report 

o This Data Report includes the following 

§ Site vicinity map 
§ Geology map 
§ Plan of borings 
§ Boring logs 
§ Laboratory test results summary 
§ Site Characterization 

 

Subsequent sections of this report contain descriptions of the field exploration, laboratory testing 
program, the general site and subsurface conditions, and limitations. 



 

 

2    FIELD EXPLORATION 

2.1 General 

The field exploration program undertaken for the project was conducted between May 16th, 2014 and 
June 4th, 2014.  Six (6) borings (B-8 through B-13) were completed to investigate subsurface 
conditions.  Three additional borings B-9A, B-11A, and B-12A to confirm the subsurface conditions.  
These three borings (B-9A, B-11A, and B-12A) were drilled within 5 feet of the existing borings B-9, 
B-11, and B-12 and are not shown separately on the Plan of Borings for presentation purposes. The 
borings were drilled to termination depths of 40 feet. Borings were advanced using a B-53 Mobile 
truck mounted drill rig equipped with continuous flight augers as well as standard sampling equipment. 
Approximate boring locations are provided in the Plan of Borings, Plate 3. The final boring logs are 
presented in Plates 4 through 9 and a key to terms and symbols used is provided on Plates 11 A-B. 

2.2 Sampling Methods and Field Testing 

Fine grained, cohesive soils encountered were sampled using a 3-inch outer diameter thin-walled tube, 
which was pushed into the soil in general accordance with ASTM standard D 1587- Thin Walled Tube 
Sampling of Soils.  The samples were extruded in the field and a calibrated pocket penetrometer was 
used to obtain an estimate of the unconfined compressive strength of the sample. 

Standard Penetration Tests (SPTs) were conducted within soil containing a substantial amount of sand 
or gravel or where the advancement of thin-walled tubes into the material was not possible.  The SPTs 
were performed in accordance with ASTM D 1586 – Penetration Test and Split-Barrel Sampling of Soils.  
This procedure consisted of driving a standardized 1.50 ± 0.005 inch inner diameter split-spoon 
sampler into undisturbed soil with a 140-pound hammer falling 30 inches. The split-spoon sampler 
was first seated 6 inches to penetrate any loose cuttings, and was then driven an additional 12 inches 
with blows from the hammer.  The number of hammer blows required to drive the sampler each 6-
inch increment was then recorded.  The penetration resistance, or “N-value,” is defined as the number 
of hammer blows required to drive the sampler the final 12 inches.  The N-value was used in the field 
to estimate either the density of granular soil or the consistency of cohesive soil. In very dense or hard 
material, where the SPT test reached 50 blows from the hammer, the test was terminated and the 
measurement was instead recorded as 50 blows per distance penetrated (e.g. 50 blows over 3 inches).  

Classification and field test results for both the thin-walled tube and split-spoon samples were 
recorded onto field logs, which included a visual description in accordance with ASTM D 2488 – 
Visual Description and Identification of Soils.  After field documentation and logging was complete, the 
individual soil samples were either wrapped in plastic or placed in sealed containers to prevent loss of 
moisture and were transported to our laboratory for further examination and testing. 

2.3 Groundwater Conditions 

Groundwater was encountered in one boring, B-11, at 37 feet below the surface. It should be noted 
that boring B-11A did not encounter groundwater and was drilled within 5 feet of the original boring 
location.  This could be a perched groundwater table at the interface of the Fat Clay and the Clayshale 
which was encountered in B-13 at the same elevation (~557ft). However, groundwater observations 
made during drilling operations typically do not accurately reflect the true groundwater conditions. 
Therefore, the lack of free flowing groundwater into the boreholes should not be taken as 
confirmation the groundwater table is at a depth below the boring(s) termination depth. Additionally, 
it should be noted that groundwater levels may fluctuate seasonally in response to rainfall/climatic 
conditions and the boring were drilled during a period of extreme drought (potential drought of 
record). 



 

 

2.4 Borehole Completion 

All project borings were backfilled with soil cuttings, bentonite chips as required to meet existing 
surface conditions. 

3 LABORATORY TESTING 

3.1 General 

Soil samples transported to our laboratory were further examined and described and a preliminary soil 
classification was assigned to each soil sample based on ASTM D 2487 – Classification of Soil for 
Engineering Purposes.   

Classification testing, which included moisture contents, Atterberg limits, and percent passing the No. 
200 sieve, was subsequently conducted on select samples. Advanced testing including unconfined 
compressive strength tests with wet and dry unit weight determinations, swell tests, and sulfate content 
tests were performed on select samples from the borings. The results of these tests were used to 
confirm or modify the preliminary soil classifications.   

The sampling information obtained in the field was used in conjunction with the laboratory 
examination and testing to generate final boring logs, provided in Plates 4 through 9. A Key of Terms 
and Symbols for the boring logs is provided on Plates 10A-B. The laboratory test results are provided 
on the final borings logs, as well as tabulated in Appendix A.  

3.2 Atterberg Limits 

Select samples were tested to determine the Atterberg Limits in accordance with ASTM D4318-10 
(Tex 104E, and 105E).  The Atterberg Limit test is used to classify the soil using the Unified Soil 
Classification System (USCS).   The Atterberg Limit test consists of two parts: a liquid limit test and a 
plastic limit test.  The liquid limit equipment setup consists of a brass cup partially filled with soil 
which is grooved with a specialized grooving tool, and then dropped freely from a specified height to 
the rubber base below at a constant rate of 2 drops per second.  The liquid limit test is performed on 
soil that has been sieved through the No. 40 sieve and brought to a moisture content that would close 
the ½-inch groove within 20 to 30 blows for two consecutive tests.  The moisture content of the soil 
is then measured and recorded as the liquid limit.  The second part of the tests consists of a rolling a 
remolded sample between the tips of the fingers and a glass plate until transverse cracks appear at a 
rolled diameter of 1/8-inch.  The moisture content of the rolled sample is taken and recorded as the 
plastic limit.  

3.3 Percent Passing the No. 200 Sieve 

Select soil samples were tested in accordance with ASTM D1140-00 (Tex 111E) to determine the 
amount of material finer than the No. 200 sieve for use in classification.  An oven dried sample of 
material is weighed then washed over a 75-µm (No. 200) sieve, allowing clay and other particles to be 
dispersed and removed from the soil.  The retained material is oven dried then reweighed.  The loss 
in mass resulting from the washing is calculated as mass percent of the original sample and is reported 
as the percentage of material finer than a No. 200 sieve.   

3.4 Moisture Content 

Moisture content testing was performed on select soil samples to determine the in situ state of 
moisture of the soil.  A fresh sample was weighed before being placed in an oven with a controlled 
temperature of 230°F and dried back to a constant mass.  Upon the drying and reweighing of the 



 

 

sample, the total mass of water lost was recorded.  The ratio of the water loss to the dried mass is 
recorded as the moisture content.  This test was performed in accordance with ASTM D2216-10 (Tex 
103E). 

3.5 Unconfined Compressive Strength Testing 

Select cohesive soil samples were tested for unconfined compressive strength in accordance with 
ASTM D2166-06.  The intact specimen is placed in a loading device and is subjected to a load 
producing an axial strain at a rate between ½% and 2% per minute.  The load is applied until failure 
occurs at the maximum rate of strain.   The maximum axial strain is then used to calculate the soil’s 
unconfined compressive strength. 

3.6 Swell Test 

The swell tests were performed in accordance with ASTM D4546 Method B.  The swell test results 
can be interpreted to estimate one dimensional heave or settlement or stress-induced settlement 
following loading to a predetermined pressure and wetting-induced swelling. The test procedure 
involves placing an undisturbed sample in a consolidometer ring and placing a load on the sample to 
simulate field conditions.  Once the initial load is applied, the sample is inundated and allowed to 
collapse or swell and deflections are measured.  Results from the swell test can be found in 
Appendix B. 

3.7 Sulfate Content  

Sulfate content was determined in accordance with TEX-620-J.  The results for this test can be 
found in Appendix C.   

4 SITE CHARACTERIZATION 

4.1 General Geology  

According to the Geologic Atlas of Texas, Austin Sheet (University of Texas Bureau of Economic 
Geology, 1974), the proposed project is located within an area characterized by High Terrace Deposits 
(Qht) and Taylor Group (Kta). 

The High Terrace Deposits generally consist of gray to tan gravel, sand, silt, and clay. Gravel is 
commonly exposed to the surface in southeastern parts, and silty clay is in an upper part underlain 
by coarse soils in northwestern parts.   

The Taylor Group has been divided into three formations, based on Keith Young (1965), from 
bottom to top: Sprinkle, Pecan Gap, and Bergstrom.  The formations consist of calcareous, 
montmorillonitic, highly over-consolidated clay, marly clay, and clay shale varying in color and 
calcium carbonate content.  It is highly plastic, with high swelling potential, and very unstable. When 
left exposed to the air, it will slake. Thickness of the Taylor Group ranges from approximately 50 
feet thick in the area of southeast Austin to approximately 300 feet thick in the area of Walnut 
Creek.     

Although it is not shown on the map, it is our belief that the upper soils encountered are from the 
alluvium geological unit. Alluvium, which is made up of floodplain deposits, typically consists of a 
combination of various percentages of sand, silt, clay and/or gravel.  Silts and clays associated with 



 

 

this formation tend to be dark gray to dark brown and calcareous.  Associated sand is largely composed 
of quartz whereas gravel alluvium can consists of both siliceous and/or carbonate material, mainly 
chert, quartzite, limestone and petrified wood fragments. 

According to available geologic data, there are no mapped faults within the local vicinity of the project.  

4.2 Subsurface Stratigraphy 

Soil and groundwater conditions along the project alignment described herein are based on 
information obtained at the boring locations only.  Significant variations at areas not explored by the 
project borings may require reevaluation of our findings and conclusions. Subsurface soils as 
encountered at the project location are discussed below. 

In general, the subsurface encountered at the site can be characterized using three layers. The 
uppermost layer at the site ranges from 1-3 feet thick and consisted of dark brown Fat Clay (CH) with 
varying amounts of sand and gravel.  The middle layer was made up of a tan and gray colored cohesive 
soil. This layer was composed of Lean Clay (CL) and Fat Clay (CH) and extended beyond the 
termination depths of every boring aside from B-13.  The lowest layer, only present in B-13 at 36 feet 
below the surface, contained dark gray Clayshale. The Clayshale was fissile and had a low hardness 
consistency. Table 1, below, shows the laboratory testing statistics for middle and lower layer described 
above. Lab testing was not performed on soils found in the upper layer.  

Table 1: Laboratory Test Statistics 

Laboratory Test Average Maximum Minimum Standard 
Deviation 

No. 
Tested 

Middle Layer (Taylor Clay)  

% Passing No. 200 Sieve 95 98 90 2 15 
Liquid Limit (%) 56 68 42 7 15 

Plasticity Index (%) 40 51 29 6 15 
Moisture Content (%) 16 23 8 4 30 

Unconfined Compressive Strength (tsf) 9 15 5 3 15 
Wet Unit Weight (pcf) 131 143 119 7 15 

Lower Layer (Taylor Clayshale)  
Unconfined Compressive Strength (tsf) 10.5 - - - 1 

Wet Unit Weight (pcf) 126 - - - 1 
tsf=tons per square foot; pcf=pounds per cubic foot 

 

5 LIMITATIONS 

This geotechnical data report has been issued for the exclusive use of the City of Austin for the 
Montopolis Water Pump Station Project. 

In performing our geotechnical investigation, 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 information contained in this report is based on data 
obtained from subsurface exploration and laboratory testing, as well as preliminary project design 
information that has been provided to us.   



 

 

The exploration methods used indicate subsurface conditions only at the specific location 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 or areas where borings were not performed.  Should any subsurface conditions 
other than those described in our test boring be encountered, HVJ Associates should be immediately 
notified so that further investigation and supplemental recommendations can be provided.   
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SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

PLATE  9Aa

Shear Types:     = Torvane
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PP=4.5+ tsf

PP=4.5+ tsf

Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)  [Continued...]

Project:  Montopolis WRI Tank

Boring No.:  B-9A

Groundwater during drilling:  ---

Groundwater 24 hours after drilling:  ---

    = Unconf. Comp.

LOG OF BORING
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Project No.:  AG1310756

Elevation:  602 feet

Station:  --

Offset:  --

See Plate 3 for boring location.

    = UU Triaxial    = Hand Penet.
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PLATE  9Ab

Shear Types:     = Torvane
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- Unconfined Compressive Strength = 5.8 tsf
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PP=4.5+ tsf

Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)

94

95

Dark brown, hard, FAT CLAY (CH) , with fine to
coarse subrounded to subangular gravel, and shell
fragments.  (Alluvium)

121

PP=4.5+ tsf

SOIL/ROCK CLASSIFICATION
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PLATE  6a

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

See Plate 3 for boring location.
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Project No.:  AG1310756
Elevation:  598.9 feet
Station:  --
Offset:  --

    = UU Triaxial    = Torvane
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Project:  Montopolis WRI Tank
Boring No.:  B-10
Groundwater during drilling:  ---
Groundwater after drilling:  ---
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PP=4.5+ tsf

    = Hand Penet.

PP=4.5+ tsf

Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)  [Continued...]
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SAMPLER SYMBOLS

AND FIELD TEST DATA

Date:  5/20/2014
Northing:  10,051,955.6
Easting:  3,126,277.4
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PLATE  6b

Shear Types:     = Torvane
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Offset:  --

Project:  Montopolis WRI Tank
Boring No.:  B-10
Groundwater during drilling:  ---
Groundwater after drilling:  ---

See Plate 3 for boring location.

    = UU Triaxial
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- Unconfined Compressive Strength = 4.9 tsf
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103

Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)

- Unconfined Compressive Strength = 9.8 tsf
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92

Dark brown, hard, FAT CLAY (CH) , with fine to
coarse subrounded to subangular gravel, and shell
fragments.  (Alluvium)
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PP=4.5+ tsf

Project No.:  AG1310756
Elevation:  594.3 feet
Station:  --
Offset:  --
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SOIL/ROCK CLASSIFICATION

    = Torvane

Project:  Montopolis WRI Tank
Boring No.:  B-11
Groundwater during drilling:  37.0 feet
Groundwater after drilling:  37.0 feet 10 Min

PLATE  7a

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

See Plate 3 for boring location.
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    = UU Triaxial

PP=4.5+ tsf
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110

PP=4.5+ tsf

PP=4.5+ tsf

Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)  [Continued...]

- Unconfined Compressive Strength = 11.2 tsf
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PLATE  7b

Shear Types:     = Torvane
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Date:  5/19/2014
Northing:  10,051,894.4
Easting:  3,126,229.9

PLASTIC LIMIT

    = Unconf. Comp.
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MOISTURE
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CONTENT, %
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0.5 1.0 1.5 2.0

Project No.:  AG1310756
Elevation:  594.3 feet
Station:  --
Offset:  --

Project:  Montopolis WRI Tank
Boring No.:  B-11
Groundwater during drilling:  37.0 feet
Groundwater after drilling:  37.0 feet 10 Min

See Plate 3 for boring location.

    = UU Triaxial

SOIL/ROCK CLASSIFICATION



PP=4.5+ tsf
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93

Dark brown, hard, FAT CLAY (CH) , with fine to
coarse subrounded to subangular gravel, and shell
fragments.  (Alluvium)

Tan and gray, very stiff to hard, FAT CLAY (CH) ,
blocky, with calcareous seams and nodules, and
ferrous staining.  (Taylor)

Project:  Montopolis WRI Tank

Boring No.:  B-11A

Groundwater during drilling:  ---

Groundwater 24 hours after drilling:  ---

    = Unconf. Comp.

LOG OF BORING

PLASTIC LIMIT

Date:  10/23/2014

Northing:  --

Easting:  --
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Project No.:  AG1310756

Elevation:  594 feet

Station:  --

Offset:  --

See Plate 3 for boring location.

    = UU Triaxial    = Hand Penet.
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PLATE  7Aa

Shear Types:     = Torvane
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PP=4.5+ tsf

PP=4.5+ tsf

Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)  [Continued...]

Project:  Montopolis WRI Tank

Boring No.:  B-11A

Groundwater during drilling:  ---

Groundwater 24 hours after drilling:  ---

    = Unconf. Comp.

LOG OF BORING

PLASTIC LIMIT
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Project No.:  AG1310756

Elevation:  594 feet

Station:  --

Offset:  --

See Plate 3 for boring location.

    = UU Triaxial    = Hand Penet.
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PLATE  7Ab

Shear Types:     = Torvane
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- Unconfined Compressive Strength = 6.2 tsf

PP=4.5+ tsf
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Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)

115

- Unconfined Compressive Strength = 7.7 tsf

95

Dark brown, hard, FAT CLAY (CH) , with fine to
coarse subrounded to subangular gravel, and shell
fragments.  (Alluvium)

PP=4.5+ tsf

115

PP=4.5+ tsf

Project:  Montopolis WRI Tank
Boring No.:  B-12
Groundwater during drilling:  ---
Groundwater after drilling:  ---
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PLATE  8a

SOIL/ROCK CLASSIFICATION
SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA

See Plate 3 for boring location.
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Date:  5/19/2014
Northing:  10,051,946.3
Easting:  3,126,178.1
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Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)  [Continued...]
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PP=4.5+ tsf

- Unconfined Compressive Strength = 15.4 tsf
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PLATE  8b

Shear Types:     = Torvane
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Project No.:  AG1310756
Elevation:  597.6 feet
Station:  --
Offset:  --

Project:  Montopolis WRI Tank
Boring No.:  B-12
Groundwater during drilling:  ---
Groundwater after drilling:  ---

See Plate 3 for boring location.

    = UU Triaxial

SOIL/ROCK CLASSIFICATION



PP=4.5+ tsf
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96

Dark brown, hard, FAT CLAY (CH) , with fine to
coarse subrounded to subangular gravel, and shell
fragments.  (Alluvium)

Tan and gray, very stiff to hard, FAT CLAY (CH) ,
blocky, with calcareous seams and nodules, and
ferrous staining.  (Taylor)

Project:  Montopolis WRI Tank

Boring No.:  B-12A

Groundwater during drilling:  ---

Groundwater 24 hours after drilling:  ---

    = Unconf. Comp.
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Project No.:  AG1310756

Elevation:  597 feet

Station:  --

Offset:  --

See Plate 3 for boring location.

    = UU Triaxial    = Hand Penet.
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PLATE  8Aa

Shear Types:     = Torvane
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PP=4.5+ tsf

PP=4.5+ tsf

Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)  [Continued...]

Project:  Montopolis WRI Tank

Boring No.:  B-12A

Groundwater during drilling:  ---

Groundwater 24 hours after drilling:  ---

    = Unconf. Comp.
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Project No.:  AG1310756

Elevation:  597 feet

Station:  --

Offset:  --

See Plate 3 for boring location.

    = UU Triaxial    = Hand Penet.
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PLATE  8Ab

Shear Types:     = Torvane
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Dark brown, very stiff to hard, FAT CLAY (CH) , with
fine to coarse subrounded to subangular gravel, and
shell fragments.  (Alluvium)
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PP=3.0 tsf
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93

PP=4.5+ tsf

Tan and gray, hard, LEAN CLAY (CL) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)

- Unconfined Compressive Strength = 7.6 tsf

Tan and gray, hard, FAT CLAY (CH) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)

Tan and gray, hard, LEAN CLAY (CL) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)

- Unconfined Compressive Strength = 13.3 tsf
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CONTENT, %

    = TorvaneShear Types:

MOISTURE

Project:  Montopolis WRI Tank
Boring No.:  B-13
Groundwater during drilling:  ---
Groundwater after drilling:  ---

SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA %
 P

A
S

S
IN

G
N

O
. 2

00
 S

IE
V

E

D
R

Y
 D

E
N

S
IT

Y
P

C
F

10 20 30 40 50 60 70 80 90

    = Unconf. Comp.

PLATE  9a

Project No.:  AG1310756
Elevation:  593.5 feet
Station:  --
Offset:  --

121

See Plate 3 for boring location.

    = UU Triaxial

SOIL/ROCK CLASSIFICATION
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PP=4.5+ tsf

PP=4.5+ tsf

Tan and gray, hard, LEAN CLAY (CL) , blocky, with
calcareous seams and nodules, and ferrous staining.
(Taylor)  [Continued...]

Gray, low hardness, CLAYSHALE , fissile, with
calcareous seams and nodules, and ferrous staining.
(Taylor)

- Unconfined Compressive Strength = 10.5 tsf
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PLATE  9b

Shear Types:     = Torvane
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Date:  5/16/2014
Northing:  10,051,900.4
Easting:  3,126,123.8
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SOIL SYMBOLS

SAMPLER SYMBOLS

AND FIELD TEST DATA
MOISTURE CONTENT, %

SHEAR STRENGTH, TSF

Project:  Montopolis WRI Tank
Boring No.:  B-13
Groundwater during drilling:  ---
Groundwater after drilling:  ---

SOIL/ROCK CLASSIFICATION

    = UU Triaxial

See Plate 3 for boring location.

10 20 30 40 50 60 70 80 90

Project No.:  AG1310756
Elevation:  593.5 feet
Station:  --
Offset:  --
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APPENDIX A 

LABORATORY TEST SUMMARY 

  



B-8 0-1 3.0
2-3.5 17.2
6-6.5 4.5+
6.5-8 8.4

13.5-14.5 11.5 128.1 114.9 6.7 4.5+
18.5-19.5 16.8 118.8 101.7 5.5 4.5+
23.5-24.5 4.5+
28.5-29.5 18.9 135.3 113.7 11.0 4.5+
33.5-34.5 4.5+
38.5-39.5 4.5+

B-9 0-2 4.5+
2-4 3.5
4-6 4.5+
6-7 4.5+

7-7.5 4.5+
13-15 10.2 130.5 118.2 9.7 4.5+
18-19 4.5+
23-25 4.5+
28-30 17.5 125.9 107.1 4.8 4.5+
33-35 18.7 129.9 109.5 10.1 4.5+
38-40 4.5+

B-9A
0-1 4.5+
2-4 4.5+
4-5 4.5+

5-5.5 4.5+
7-8 4.5+
8-9 4.5+

9-9.5 4.5+
13.5-15 97.8 53 37 16.0 4.5+
18.5-20 4.5+

23.5-24.3 96.8 59 43 15.4 4.5+
28.5-29.4 4.5+
33.5-35 4.5+
38.5-40 4.5+

Wet      
Unit       

Weight      
(pcf)

Unconfined 
Compressive 

Strength          
(tsf)

Dry      
Unit       

Weight      
(pcf)

Boring  
Number

Depth                 
(ft)

% 
Passing 
No. 200 
Sieve

LABORATORY TEST RESULTS SUMMARY
Montopolis WRI Tank

AG1310756

Liquid 
Limit         
(%)

Plasticity 
Index       
(%)

Moisture 
Content      

(%)

Pocket 
Penetrometer 

(tsf)
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Wet      
Unit       

Weight      
(pcf)

Unconfined 
Compressive 

Strength          
(tsf)

Dry      
Unit       

Weight      
(pcf)

Boring  
Number

Depth                 
(ft)

% 
Passing 
No. 200 
Sieve

LABORATORY TEST RESULTS SUMMARY
Montopolis WRI Tank

AG1310756

Liquid 
Limit         
(%)

Plasticity 
Index       
(%)

Moisture 
Content      

(%)

Pocket 
Penetrometer 

(tsf)

B-10 0-2 4.5+
2-4 3.5
4-6 10.4 133.8 121.1 5.8 4.5+
6-7 4.5+

13-15 94.2 59 42 11.7 4.5+
18-20 4.5+
23-25 94.7 55 39 16.6 4.5+
28-30 4.5+
33-34 4.5+
38-40 93.8 52 38 17.3 4.5+

B-11 0-2 4.5+
2-4 4.5+
4-6 4.5+
6-8 96.4 59 44 17.8 121.5 103.1 4.9 4.5+

8-10 4.5+
13-15 4.5+
18-20 91.5 63 46 17.2 4.5+
23-25 20.0 136.7 113.9 9.8 4.5+
28-30 4.5+
33-35 93.4 68 50 22.6 4.5+
38-40 21.6 133.3 109.6 11.2 4.5+

B-11A
1-2 4.5+
2-4 4.5+
4-6 4.5+
6-8 4.5+

8-10 4.5+
13.5-15 92.9 51 35 17.3 4.5+
18.5-20 4.5+
23.5-25 4.5+
28.5-30 4.5+
33.5-35 4.5+
38.5-40 4.5+
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Wet      
Unit       

Weight      
(pcf)

Unconfined 
Compressive 

Strength          
(tsf)

Dry      
Unit       

Weight      
(pcf)

Boring  
Number

Depth                 
(ft)

% 
Passing 
No. 200 
Sieve

LABORATORY TEST RESULTS SUMMARY
Montopolis WRI Tank

AG1310756

Liquid 
Limit         
(%)

Plasticity 
Index       
(%)

Moisture 
Content      

(%)

Pocket 
Penetrometer 

(tsf)

B-12 0-2 4.5+
2-4 4.5+
4-6 4.5+
6-8 10.9 128.0 115.4 6.2 4.5+

8-8.5 4.5+
13-15 4.5+
18-20 13.2 130.1 114.9 7.7 4.5+
23-25 95.3 67 51 20.7 4.5+
28-30 4.5+
33-35 17.5 138.7 118.0 15.4 4.5+
38-40 4.5+

B-12A
0-2 4.5+
2-4 4.5+
4-6 4.5+
6-8 4.5+

8-10 4.5+
13.5-15 96.4 54 40 18.4 4.5+
18.5-20 96.0 54 38 18.7 4.5+
23.5-25 4.5+
28.5-30 4.5+
33.5-35 4.5+
38.5-40 4.5+

B-13 0-2 3.0
2-4 4.5+
4-6 4.5+
6-8 96.6 42 29 9.1 137.9 126.4 7.6 4.5+

8-10 4.5+
13-15 89.6 57 38 19.5 4.5+
18-20 93.1 49 33 17.9 4.5+
23-25 18.0 143.0 121.1 13.3 4.5+
28-30 4.5+
33-35 4.5+
38-40 18.4 126.0 106.4 10.5 4.5+
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APPENDIX B 

SWELL TEST RESULTS 

  



Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-9A (13-15)

Loading Pressure: 1300 psf

1.

2. As trimmed in the specimen ring. 

3.

4. Strain Measurements are based on the height of the sample at Stage 4, inundation. 

5. Sign convention: (+) Compression/Collapse, (-) Expansion/Swell

Height following seating load, first load application, and second load application.

Sample was inundated with tap water 10 minutes after the second load application.

Finding: The soil was found to swell 2.95% under a load of 1300 psf.

Analysis & Quality Review/Date

Testing Performed By: Mark Fountain, Ph.D.

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG

Jeffrey A. Kuhn, Ph.D., P.E. 11/20/2014

Initial
2

Inundation
3

Final
4

14.0 - 20.9

≈100

2.497 - -

0.992 0.990 1.019

The undisturbed specimen was provided by the client. The specimen was trimmed

using a trimming turntable and mounted. Gs was assumed to be 2.65. Calculations

include measured machine deflections.

Specimen Properties
1

Water Content, w (%)

Diameter, d (in)

Height, h (in)

Void Ratio, e

Degree of Saturation, S (%)

Strain (%)
5

-0.229 0 -2.949

0.405 0.402 0.443

91.3 -
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-9A (13-15)

Loading Pressure: 1300 psf

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-9A (23.5-25)

Loading Pressure: 2600 psf

1.

2. As trimmed in the specimen ring. 

3.

4. Strain Measurements are based on the height of the sample at Stage 4, inundation. 

5. Sign convention: (+) Compression/Collapse, (-) Expansion/Swell

The undisturbed specimen was provided by the client. The specimen was trimmed

using a trimming turntable and mounted. Gs was assumed to be 2.65. Calculations

include measured machine deflections.

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG

Jeffrey A. Kuhn, Ph.D., P.E. 11/20/2014

Initial
2

Inundation
3

Final
4

14.5 - 19.9

Height following seating load, first load application, and second load application.

Sample was inundated with tap water 10 minutes after the second load application.

0.472 0.468 0.473

Analysis & Quality Review/Date

Testing Performed By: Mark Fountain, Ph.D.

Finding: The soil was found to swell 0.29% under a load of 2600 psf.

2.499 - -

1.003 1.001 1.004

Specimen Properties
1

Water Content, w (%)

Diameter, d (in)

Height, h (in)

Void Ratio, e

Degree of Saturation, S (%)

Strain (%)
5

-0.210 0 -0.286

81.3 - ≈100
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-9A (23.5-25)

Loading Pressure: 2600 psf

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-11A (13.5-15)

Loading Pressure: 2340 psf

1.

2. As trimmed in the specimen ring. 

3.

4. Strain Measurements are based on the height of the sample at Stage 4, inundation. 

5. Sign convention: (+) Compression/Collapse, (-) Expansion/Swell

Finding: The soil was found to swell 0.15% under a load of 2340 psf.

Degree of Saturation, S (%)

Strain (%)
5

-0.256 0 -0.149

91.4 -

Specimen Properties
1

Water Content, w (%)

Diameter, d (in)

Height, h (in)

Void Ratio, e

≈100

2.497 - -

0.999 0.996 0.997

0.457 0.453 0.455

Analysis & Quality Review/Date

Testing Performed By: Mark Fountain, Ph.D.

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG

Jeffrey A. Kuhn, Ph.D., P.E. 11/20/2014

Initial
2

Inundation
3

Final
4

15.8 - 20.3

Height following seating load, first load application, and second load application.

Sample was inundated with tap water 10 minutes after the second load application.

The undisturbed specimen was provided by the client. The specimen was trimmed

using a trimming turntable and mounted. Gs was assumed to be 2.65. Calculations

include measured machine deflections.
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-11A (13.5-15)

Loading Pressure: 2340 psf

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-12A (13.5-15)

Loading Pressure: 1170 psf

1.

2. As trimmed in the specimen ring. 

3.

4. Strain Measurements are based on the height of the sample at Stage 4, inundation. 

5. Sign convention: (+) Compression/Collapse, (-) Expansion/Swell

The undisturbed specimen was provided by the client. The specimen was trimmed

using a trimming turntable and mounted. Gs was assumed to be 2.65. Calculations

include measured machine deflections.

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG

Jeffrey A. Kuhn, Ph.D., P.E. 11/20/2014

Initial
2

Inundation
3

Final
4

17.7 - 20.6

Height following seating load, first load application, and second load application.

Sample was inundated with tap water 10 minutes after the second load application.

0.475 0.472 0.499

Analysis & Quality Review/Date

Testing Performed By: Mark Fountain, Ph.D.

Finding: The soil was found to swell 1.84% under a load of 1170 psf.

2.495 - -

0.998 0.996 1.015

Specimen Properties
1

Water Content, w (%)

Diameter, d (in)

Height, h (in)

Void Ratio, e

Degree of Saturation, S (%)

Strain (%)
5

-0.199 0 -1.842

98.8 - ≈100
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-12A (13.5-15)

Loading Pressure: 1170 psf

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-12A (18.5-20)

Loading Pressure: 1820 psf

1.

2. As trimmed in the specimen ring. 

3.

4. Strain Measurements are based on the height of the sample at Stage 4, inundation. 

5. Sign convention: (+) Compression/Collapse, (-) Expansion/Swell

Finding: The soil was found to swell 1.69% under a load of 1820 psf.

Degree of Saturation, S (%)

Strain (%)
5

-0.226 0 -1.693

≈100 -

Specimen Properties
1

Water Content, w (%)

Diameter, d (in)

Height, h (in)

Void Ratio, e

≈100

2.498 - -

0.992 0.990 1.007

0.448 0.444 0.469

Analysis & Quality Review/Date

Testing Performed By: Mark Fountain, Ph.D.

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG

Jeffrey A. Kuhn, Ph.D., P.E. 11/20/2014

Initial
2

Inundation
3

Final
4

18.9 - 23.0

Height following seating load, first load application, and second load application.

Sample was inundated with tap water 10 minutes after the second load application.

The undisturbed specimen was provided by the client. The specimen was trimmed

using a trimming turntable and mounted. Gs was assumed to be 2.65. Calculations

include measured machine deflections.
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B

Specimen: B-12A (18.5-20)

Loading Pressure: 1820 psf

One-Dimensional Swell or Collapse of Cohesive Soils

HVJ Associates E2391-19-08

Montopolis WRI Tank AG
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APPENDIX C 

SULFATE CONTENT RESULTS 

 

 



July 07, 2014

HVJ Associates, Inc.
Russell Sieg

Dear Russell Sieg:

RE: Montopolis WRI Tanks
Order No.: 1406310FAX (512) 443-3442

TEL: (512) 447-9081

4201 Freidrich Lane, Suite 110
Austin, Texas 78744-1045

DHL Analytical, Inc. received 3 sample(s) on 6/27/2014 for the analyses presented in the following 
report.

There were no problems with the analyses and all data for associated QC met EPA or laboratory 
specifications except where noted in the Case Narrative and all estimated uncertainties of results 
are within  method specifications.

If you have any questions regarding these tests results, please feel free to call.

Sincerely,

John DuPont
General Manager

This report was performed under the accreditation of the State of Texas Laboratory Certification 
Number: T104704211-14-12

2300 Double Creek Drive • Round Rock, TX 78664 • Phone (512) 388-8222 • FAX (512) 388-8229

www.dhlanalytical.com
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07-Jul-14Date:DHL Analytical, Inc.

Project: Montopolis WRI Tanks

CLIENT: HVJ Associates, Inc.

Lab Order: 1406310
CASE NARRATIVE

Samples were analyzed using the methods outlined in the following references:

Sulfate Content in Soil by Method TEX620J. (This parameter is not NELAC Certified)

Page 1 of 1

All method blanks, sample duplicates, laboratory spikes, and/or matrix spikes met quality assurance 

objectives. For Sulfate Content in Soil Analysis, Sulfate was detected below the reporting limit for  

Method Blank-64458. The concentration detected in the samples is more than 5 times the 
concentration in the Method Blank.  No further corrective action was taken.
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Project: Montopolis WRI Tanks
Client Sample ID:  B-8, 4'-5.5'

Collection Date: 06/08/14 11:00 AM
Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: HVJ Associates, Inc.

Lab Order: 1406310

DF

Lab ID: 1406310-01

DHL Analytical, Inc. Date: 07-Jul-14

RL

Project No: AG1310756

MDL

CHLORIDE AND SULFATE CONTENT IN SOIL TEX620J Analyst: AV
Sulfate JN 07/03/14 09:54 AM49.8 ppm-dry 1032.8 19.9

Qualifiers:   

Page 1 of 3

* Value exceeds TCLP Maximum Concentration Level B Analyte detected in the associated Method Blank
C Sample Result or QC discussed in the Case Narrative DF Dilution Factor
E TPH pattern not Gas or Diesel Range Pattern J Analyte detected between MDL and RL

MDL Method Detection Limit ND Not Detected at the Method Detection Limit
RL Reporting Limit S Spike Recovery outside control limits
N Parameter not NELAC certified
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Project: Montopolis WRI Tanks
Client Sample ID: B-9 6'-7'

Collection Date: 06/08/14 12:00 PM
Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: HVJ Associates, Inc.

Lab Order: 1406310

DF

Lab ID: 1406310-02

DHL Analytical, Inc. Date: 07-Jul-14

RL

Project No: AG1310756

MDL

CHLORIDE AND SULFATE CONTENT IN SOIL TEX620J Analyst: AV
Sulfate JN 07/03/14 10:23 AM50.0 ppm-dry 1022.2 20.0

Qualifiers:   

Page 2 of 3

* Value exceeds TCLP Maximum Concentration Level B Analyte detected in the associated Method Blank
C Sample Result or QC discussed in the Case Narrative DF Dilution Factor
E TPH pattern not Gas or Diesel Range Pattern J Analyte detected between MDL and RL

MDL Method Detection Limit ND Not Detected at the Method Detection Limit
RL Reporting Limit S Spike Recovery outside control limits
N Parameter not NELAC certified
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Project: Montopolis WRI Tanks
Client Sample ID: B-10 6-7.5

Collection Date: 06/08/14 01:00 PM
Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: HVJ Associates, Inc.

Lab Order: 1406310

DF

Lab ID: 1406310-03

DHL Analytical, Inc. Date: 07-Jul-14

RL

Project No: AG1310756

MDL

CHLORIDE AND SULFATE CONTENT IN SOIL TEX620J Analyst: AV
Sulfate N 07/03/14 10:38 AM49.6 ppm-dry 1059.4 19.8

Qualifiers:   

Page 3 of 3

* Value exceeds TCLP Maximum Concentration Level B Analyte detected in the associated Method Blank
C Sample Result or QC discussed in the Case Narrative DF Dilution Factor
E TPH pattern not Gas or Diesel Range Pattern J Analyte detected between MDL and RL

MDL Method Detection Limit ND Not Detected at the Method Detection Limit
RL Reporting Limit S Spike Recovery outside control limits
N Parameter not NELAC certified
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07-Jul-14Date:DHL Analytical, Inc.

Project: Montopolis WRI Tanks

CLIENT: HVJ Associates, Inc.
Work Order: 1406310

ANALYTICAL QC SUMMARY REPORT

RunID: IC_140703A
The QC data in batch 64458 applies to the following samples: 1406310-01A, 1406310-02A, 1406310-03A

Sample ID MB-64458 Batch ID: 64458 TestNo: Tex620J

Analysis Date: 7/3/2014 9:03:41 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: ppm-dry

RL

MBLKSampType: Run ID: IC_140703A Prep Date: 7/1/2014

Sulfate N5.003.91

Sample ID LCS-64458 Batch ID: 64458 TestNo: Tex620J

Analysis Date: 7/3/2014 9:18:18 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: ppm-dry

RL

LCSSampType: Run ID: IC_140703A Prep Date: 7/1/2014

Sulfate 199.2 111 80 120 N4.98 0221

Sample ID LCSD-64458 Batch ID: 64458 TestNo: Tex620J

Analysis Date: 7/3/2014 9:32:54 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: ppm-dry

RL

LCSDSampType: Run ID: IC_140703A Prep Date: 7/1/2014

Sulfate 198.8 111 80 120 20 N4.97 0 0.055221

Sample ID 1406310-01A-DUP Batch ID: 64458 TestNo: Tex620J

Analysis Date: 7/3/2014 10:09:04 AM

Analyte Result SPK value Ref Val %REC %RPDLowLimit HighLimit RPDLimit Qual

Units: ppm-dry

RL

DUPSampType: Run ID: IC_140703A Prep Date: 7/1/2014

Sulfate 0 25 N49.9 32.80 6.1634.9

Qualifiers:   

Page 1 of 1
B Analyte detected in the associated Method Blank DF Dilution Factor
J Analyte detected between MDL and RL MDL Method Detection Limit

ND Not Detected at the Method Detection Limit R RPD outside accepted control  limits
RL Reporting Limit S Spike Recovery outside control limits
J Analyte detected between SDL and RL N Parameter not NELAC certified
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Appendix B 
Site Plan and Soil Boring Locations 
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PROPOSED RECLAIMED WATER LINE

PROPOSED WATER METER

PROPOSED FIRE HYDRANT
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PROPOSED PAVEMENT
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EXISTING CONTOUR

EXISTING WATER LINE

EXISTING WASTEWATER LINE

EXISTING OVERHEAD ELECTRIC

EXISTING WIRE FENCE

EXISTING CHAINLINK FENCE

EXISTING EASEMENT LINE

EXISTING PROPERTY LINE

WILSON OXYGEN & SUPPLY CO.

ABS 24 DELVALLE S

9.4078 ACRES

WILSON OXYGEN & SUPPLY CO.

ABS 24 DELVALLE S

4.15 ACRES

6610 BEN WHITE INVESTEMENT LLC

LOT 1 BLK A CIRCLE HOMES SUBDIVISION

4.1322 ACRES

OCAMPO PARTNERS LTD

LOT 1 BLK A MONTOPOLIS-BEN WHITE SUBDIVISION

3.38 ACRES

OCAMPO PARTNERS LTD

LOT 2 BLK A MONTOPOLIS-BEN WHITE SUBDIVISION

8.23 ACRES

OCAMPO PARTNERS LTD

LOT 3 BLK A MONTOPOLIS-BEN WHITE SUBDIVISION

7 ACRES

10-FOOT WIDE PUBLIC

UTILITY EASEMENT

PUMP

BLDG.

SEDIMENTATION,

FILTRATION AND

DETENTION PONDS

BM # 3: 

1

2

" IRON ROD WITH RED PLASTIC CAP SET IN GROUND OF A WOODED AREA

+/- 630 FEET EAST OF A FIRE HYDRANT LOCATED ON THE EAST SIDE OF THE

NORTH BOUND LANE OF MONTOPOLIS DRIVE; FIRE HYDRANT LOCATED +/-

345 FEET NORTH OF THE CENTERLINE OF THE PRAXAIR DISTRIBUTION SITE'S

NORTH CONCRETE DRIVEWAY, AND 5 FEET WEST OF A BARBED WIRE FENCE

ALIGNED IN A SW-NE DIRECTION.

N:  10052213.66

E:  3126160.25

ELEV:  611.01

BM # 4:  

1

2

" IRON ROD WITH RED PLASTIC CAP SET IN GROUND ON THE SOUTH SIDE

OF A DIRT ROADWAY/CLEARING FOR GAS LINE MARKERS IN ALIGNMENT FOR A

WEST-EAST DIRECTION, 54.4 FEET SOUTHEAST OF A 

1

2

" IRON ROD, AND +/- 350 FEET

NORTH OF THE NORTH EDGE OF PAVEMENT FOR SH 71 WEST

N:  10051767.39

E:  3126493.01

ELEV:  593.10

BENCHMARK DESCRIPTION

BM # 1: 

1

2

" IRON ROD WITH RED PLASTIC CAP SET IN GROUND IN THE CENTER

GRASS MEDIAN BETWEEN THE NORTHBOUND AND SOUTH BOUND LANES OF

MONTOPOLIS DRIVE, +/- 978 FEET NORTH OF CL/INTERSECTION OF EAST

OLTORF DRIVE AND MONTOPOLIS DRIVE, +/- 245 FEET NORTH OF THE

CENTERLINE OF THE PRAXAIR DISTRIBUTION SITE'S NORTH CONCRETE

DRIVEWAY SITUATED ON THE EAST SIDE OF THE NORTHBOUND LANE, 112.3

FEET SOUTHWEST OF A FIRE HYDRANT LOCATED ON THE EAST SIDE OF THE

NORTH BOUND LANE, AND 14.8 FEET WEST OF THE BACK OF CURB OF THE

WEST SIDE OF THE NORTH BOUND LANE.

N:  10052533.95

E:  3125576.74

ELEV:  608.57

BM # 2 (NOT SHOWN): 

1

2

" IRON ROD WITH RED PLASTIC CAP SET IN GROUND IN THE

CENTER GRASS MEDIAN BETWEEN THE NORTHBOUND AND SOUTH BOUND

LANES OF MONTOPOLIS DRIVE, +/- 640 FEET NORTH OF CL/INTERSECTION

OF EAST OLTORF DRIVE AND MONTOPOLIS DRIVE, +/- 98 FEET SOUTH OF

THE CENTERLINE OF THE PRAXAIR DISTRIBUTION SITE'S NORTH CONCRETE

DRIVEWAY SITUATED ON THE EAST SIDE OF THE NORTHBOUND LANE, +/- 138

FEET NORTH OF A CENTER DRIVEWAY FOR THE SAME SITE, AND 7 FEET

EAST OF THE EDGE OF PAVEMENT FOR THE EAST SIDE OF THE SOUTH

BOUND LANE.

N:  10052243.95

E:  3125391.44

ELEV:  617.00

SURVEY BM # 1

SURVEY PT. 3

SURVEY PT. 1509

SURVEY PT. 1508

SURVEY PT. 4

SURVEY PT. 1580

SURVEY PT. 1579

SURVEY PT. 1578

B-1

B-2

B-3

B-8

SURVEY PT. 1577

SURVEY PT. 1576

SURVEY PT. 1575

SURVEY BM # 3

SURVEY PT. 1687

SURVEY PT. 1686

SURVEY PT. 1685

SURVEY PT. 1684

B-10

B-12

B-13

B-11

B-6

B-9

B-4

B-5

B-7

SURVEY PT. 7

SURVEY PT. 10

SURVEY PT. 8

SURVEY PT. 11

SURVEY PT. 6

SURVEY PT. 9

GEO-TECH BORE LOCATIONS

SURVEY DATA SURVEY DATA

10051998.82

10051965.67

10051909.29

10051838.43

10051955.55

10052010.95

10051894.28

10051946.16

10051880.16

B-4

B-5

B-6

B-7

B-9

B-10

B-11

B-12

B-13

3126340.75

3126224.23

3126152.46

3126243.22

3126277.56

3126300.12

3126230.06

3126178.12

3126123.84

10052127.88

10052351.40

B-8

3126253.59

3125981.46

10052562.86

10052316.35

B-1

B-2

NORTHING EASTING

3125720.40

3126021.15

B-3 10052072.44

10051971.59

10051953.21

10051975.31

10052013.06

10051769.14

6

7

8

9

10

11

NORTHING EASTING DESCRIPTION

3126325.76

3126102.86

3126409.16

3126289.28

3126194.52

3126207.11 585.29

602.24

593.06

599.69

598.27

606.43

ELEVATION

IRSC

IRSC

IRSC

IRSC

60D-POL

IRSC

10052490.94

10052445.44

3

4

3125697.00

3125894.51

614.91

611.32

IRSC

IRSC

PT.

10052249.25

10052272.84

10052315.40

10052084.75

10052117.13

10052149.55

1575

1576

1577

1684

1685

1686

NORTHING EASTING DESCRIPTION

3126119.45

3126092.40

3126043.61

3126311.33

3126273.38

3126235.39 610.19

609.01

607.25

613.30

612.10

611.38

ELEVATION

60D-POL

60D-POL

60D-POL

60D-POL

60D-POL

60D-POL

PT.

10052181.10

1687

3126198.41

610.72 60D-POL

10052461.46

10052479.77

10052412.33

10052377.85

1508

1509

1580

1579

3125824.98

3125745.49

3125932.47

3125971.99 613.83

613.12

611.91

612.03

60D-POL

60D-POL

60D-POL

60D-POL

10052346.30

1578

3126008.18

614.98 60D-POL

SURVEY BM # 4



 

 

 

Appendix C 
Calculations 

 

 



Project Montopolis Pump Station Performed By VNV
Site Storage Tank Date 2/18/2015
Note

Footing Dimensions
Footing width, B 4 ft
Footing length, L 402 ft
Unfactored horizontal load, H 0 kips
Unfactored vertical load, V 0 kips
Projected direction of load in the plane of the footing, ѳ 0 Deg
Footing embedment depth, Df 0 ft

Bearing Soil Data
Total unit weight, ɤ 120 pcf
Water unit weight, ɤw 62.4 pcf
Friction angle, ф  34 Deg
Cohesion, c 0.1 ksf

Bearing capacity factors (AASHTO Table 10.6.3.1.2a-1)
Cohesion term, Nc 42.2
Surcharge term, Nq 29.4
Unit weight term, Nɤ 41.1

Shape factors
Sc 1.01
Sɤ 1.00
Sq 1.00

Load inclination factors
n 1.010
ic 1
iɤ 1
iq 1

Groundwater Depth Coefficients
Cwq 1
Cwɤ 1

Nominal bearing resistance (AASHTO 10.6.3.1.2a-1)

Bearing capacity
qn 14.074 ksf

Factor of safety
FS 3

Allowable bearing capacity
qall 4.691 ksf

Bearing Cacpacity Calculations

=c +ɤ 0.5ɤ ɤ ɤ



Project Montopolis Pump Station Performed By VNV
Site Pump Station Date 2/18/2015
Note Project Number

Footing Dimensions
Footing width, B 2 ft
Footing length, L 65 ft
Unfactored horizontal load, H 0 kips
Unfactored vertical load, V 0 kips
Projected direction of load in the plane of the footing, ѳ 0 Deg
Footing embedment depth, Df 0 ft

Bearing Soil Data
Total unit weight, ɤ 120 pcf
Water unit weight, ɤw 62.4 pcf
Friction angle, ф  34 Deg
Cohesion, c 100 pcf

Bearing capacity factors (AASHTO, 2014, 7th Ed, Table 10.6.3.1.2a-1)
Cohesion term, Nc 42.2
Surcharge term, Nq 29.4
Unit weight term, Nɤ 41.1

Shape factors
Sc 1.02
Sɤ 0.99
Sq 1.01

Load inclination factors
n 1.03
ic 1
iɤ 1
iq 1

Groundwater depth coefficients
Cwq 1.0
Cwɤ 1.0

Depth correction factor
dq 1.0

Nominal bearing resistance (AASHTO, 2014, 7th Ed, 10.6.3.1.2a-1)

in which:

Bearing capacity, qn 9.18 ksf

Factor of safety, FS 3

Allowable bearing capacity, qall 3.06 ksf

Bearing Cacpacity Calculations

=c +ɤ 0.5ɤ ɤ ɤ

ɤ ɤ ɤ ɤ

Inclined loading conventions (AASHTO, Figure C10.6.3.1.2a-1)
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Total Settlement (in)
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Analysis Description Storage Tank Settlement
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Project

Montopolis Pump Station Facility
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Settle3D Analysis Information

Montopolis Pump Station Facility
 
Project Settings

Montopolis_Storage tank.s3zDocument Name
Montopolis Pump Station FacilityProject Title
Storage Tank SettlementAnalysis
VNVAuthor
CH2M HILLCompany
1/20/2015, 2:38:38 PMDate Created
WestergaardStress Computation Method

Use average properties to calculate layered stresses
 

Stage Settings

NameStage #
Stage 11

 

Results

Time taken to compute: 0.629888 seconds

 
Stage: Stage 1

MaximumMinimumData Type
0.8801810Total Settlement [in]

00Consolidation Settlement [in]
0.8801810Immediate Settlement [in]

40Loading Stress [ksf]
6.862740Total Stress [ksf]

0.00242878.51767e-008Total Strain
00Degree of Consolidation [%]

6.861170.0502981Pre-consolidation Stress [ksf]
11Over-consolidation Ratio
00Void Ratio
00Hydroconsolidation Settlement [in]

1.038020Undrained Shear Strength
 

Loads

1. Circular Load

60 ftRadius
(1.46566e-014, -7.79708e-014)Center
FlexibleLoad Type
11252.4 ft2Area of Load
-1 ksfLoad
0 ftDepth
Stage 1Installation Stage
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2. Circular Load

64 ftRadius
(-7.5775e-016, -1.23134e-015)Center
FlexibleLoad Type
12802.7 ft2Area of Load
4 ksfLoad
0 ftDepth
Stage 1Installation Stage

 
 

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #
08Structural Fill1
832Very Stiff Clay2

 

Soil Properties

Very Stiff ClayStructural FillProperty

______Color
0.120.125Unit Weight [kips/ft3]

EnabledEnabledImmediate Settlement
11503500Es [ksf]
11503500Esur [ksf]

00Undrained Su A [kips/ft2]
0.20.2Undrained Su S
0.80.8Undrained Su m

 

Query Lines

Vertical DivisionsHorizontal DivisionsEnd LocationStart LocationLine #
Auto: 2520125, -0.067417-125, -0.0674171

 

Field Point Grid

289Number of points
2Expansion Factor
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Grid Coordinates

Y [ft]X [ft]
128128

-128128
-128-128
128-128
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max (stage): 0.09 in

max (all):   0.09 in

Analysis Description
Pump Station Settlement

Company
CH2M HILL

Drawn By
VNV

File Name
Montopolis_Pump station.s3z

Date
1/20/2015, 2:38:38 PM

Project

Montopolis Pump Station Facility

SETTLE3D 3.004
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Query Line 1 (Stage 1)

Distance vs. Total Settlement

Reference Stage: None

Analysis Description
Pump Station Settlement

Company
CH2M HILL

Drawn By
VNV

File Name
Montopolis_Pump station.s3z

Date
1/20/2015, 2:38:38 PM

Project

Montopolis Pump Station Facility

SETTLE3D 3.004



Settle3D Analysis Information

Montopolis Pump Station Facility
 

Project Settings

Montopolis_Pump stationDocument Name

Montopolis Pump Station FacilityProject Title

Pump Station SettlementAnalysis

VNVAuthor

CH2M HILLCompany

1/20/2015, 2:38:38 PMDate Created

WestergaardStress Computation Method

Use average properties to calculate layered stresses

 

Stage Settings

NameStage #

Stage 11

 

Results

Time taken to compute: 0.068754 seconds

 

Stage: Stage 1

MaximumMinimumData Type

0.09126580Total Settlement [in]

00Consolidation Settlement [in]

0.09126580Immediate Settlement [in]

2.998150Loading Stress [ksf]

4.933030Total Stress [ksf]

0.0007856692.16357e-008Total Strain

00Degree of Consolidation [%]

4.931030.00768645Pre-consolidation Stress [ksf]

11Over-consolidation Ratio

00Void Ratio

00Hydroconsolidation Settlement [in]

0.9700860Undrained Shear Strength

 

Loads

1. Rectangular Load

67 ftLength

62 ftWidth

0 degreesRotation angle

FlexibleLoad Type

4154 ft2Area of Load

3 ksfLoad

0 ftDepth

Stage 1Installation Stage

Montopolis Pump Station Facility: Page 1 of 3
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Coordinates

Y [ft]X [ft]

-31-33.5

-3133.5

3133.5

31-33.5

 
 

2. Rectangular Load

63 ftLength

58 ftWidth

0 degreesRotation angle

FlexibleLoad Type

3654 ft2Area of Load

-3 ksfLoad

0 ftDepth

Stage 1Installation Stage

 

Coordinates

Y [ft]X [ft]

-29-31.5

-2931.5

2931.5

29-31.5

 
 

Soil Layers

Depth [ft]Thickness [ft]TypeLayer #

06Structural Fill1

634Very Stiff Clay2

 

Soil Properties
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Very Stiff ClayStructural FillProperty

______Color

0.120.125Unit Weight [kips/ft3]

EnabledEnabledImmediate Settlement

11503500Es [ksf]

11503500Esur [ksf]

00Undrained Su A [kips/ft2]

0.20.2Undrained Su S

0.80.8Undrained Su m

 

Query Lines

Vertical DivisionsHorizontal DivisionsEnd LocationStart LocationLine #

Auto: 252067.1262, 0.227-66.8738, 0.2271

 

Field Point Grid

306Number of points

2Expansion Factor

 

Grid Coordinates

Y [ft]X [ft]

64.567

-64.567

-64.5-67

64.5-67
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-4

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 2.02
2 1.00 48 18.6 21.6 24.6 9.4 130 Dry 100 23 5.8 8.8 0.00 0.56 0.56 1.00 0.96 0.54 1.48
4 3.00 42 17.4 19.6 21.7 8.7 130 Dry 100 23 5.8 8.8 0.56 0.92 0.35 1.00 0.96 0.34 1.14
6 5.00 46 18.2 20.9 23.6 11.1 130 Dry 100 28 7.6 10.7 1.28 1.59 0.32 1.00 0.96 0.30 0.83
8 7.00 46 18.2 20.9 23.6 11.1 130 Dry 100 28 7.6 10.7 1.59 1.85 0.26 1.00 0.96 0.25 0.58
10 9.00 51 19.2 22.6 26.0 11.6 130 Dry 100 27 7.2 10.4 1.74 1.92 0.17 1.00 0.96 0.17 0.42
11 10.50 51 19.2 22.6 26.0 11.6 130 Dry 100 27 7.2 10.4 1.92 2.04 0.12 1.00 0.96 0.12 0.30
12 11.50 51 19.2 22.6 26.0 11.6 130 Dry 100 27 7.2 10.4 2.04 2.11 0.07 1.00 0.96 0.07 0.23
13 12.50 63 21.6 26.6 31.6 14.9 130 Dry 100 35 10.1 13.4 3.15 3.24 0.09 1.00 0.96 0.09 0.15
14 13.50 63 21.6 26.6 31.6 14.9 130 Dry 100 35 10.1 13.4 3.24 3.32 0.08 1.00 0.96 0.07 0.07
15 14.50 63 21.6 26.6 31.6 14.9 130 Dry 100 35 10.1 13.4 3.32 3.40 0.08 1.00 0.96 0.07 0.00
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-5

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 2.47
2 1.00 42 17.4 19.6 21.7 8.7 130 Dry 100 21 5.1 8.1 0.00 0.51 0.51 1.00 0.96 0.49 1.98
4 3.00 48 18.6 21.6 24.6 9.4 130 Dry 100 18 4.1 6.9 0.43 0.65 0.22 1.00 0.96 0.21 1.76
6 5.00 53 19.6 23.3 26.9 11.1 130 Dry 100 37 10.8 14.1 1.90 2.40 0.50 1.00 0.96 0.48 1.28
8 7.00 57 20.4 24.6 28.8 12.7 130 Dry 100 39 11.4 14.8 2.62 3.01 0.40 1.00 0.96 0.38 0.90
10 9.00 52 19.4 22.9 26.4 11.7 130 Dry 100 36 10.4 13.7 2.66 2.94 0.28 1.00 0.96 0.27 0.62
11 10.50 52 19.4 22.9 26.4 11.7 130 Dry 100 36 10.4 13.7 2.94 3.12 0.18 1.00 0.96 0.17 0.45
12 11.50 52 19.4 22.9 26.4 11.7 130 Dry 100 36 10.4 13.7 3.12 3.24 0.12 1.00 0.96 0.12 0.33
13 12.50 62 21.4 26.3 31.1 15.8 130 Dry 100 41 12.1 15.6 4.03 4.15 0.13 1.00 0.96 0.12 0.21
14 13.50 62 21.4 26.3 31.1 15.8 130 Dry 100 41 12.1 15.6 4.15 4.27 0.12 1.00 0.96 0.11 0.10
15 14.50 62 21.4 26.3 31.1 15.8 130 Dry 100 41 12.1 15.6 4.27 4.37 0.11 1.00 0.96 0.10 0.00
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-6

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 2.01
2 1.00 60 21.0 25.6 30.2 19.2 130 Dry 100 29 8.0 11.1 0.00 0.91 0.91 1.00 0.96 0.87 1.14
4 3.00 40 17.0 18.9 20.8 10.3 130 Dry 100 20 4.8 7.7 0.49 0.76 0.27 1.00 0.96 0.26 0.88
6 5.00 50 19.0 22.3 25.5 13.3 130 Dry 100 23 5.8 8.8 0.92 1.16 0.25 1.00 0.96 0.24 0.64
8 7.00 49 18.8 21.9 25.0 15.3 130 Dry 100 25 6.5 9.6 1.34 1.53 0.19 1.00 0.96 0.19 0.46
10 9.00 49 18.8 21.9 25.0 15.3 130 Dry 100 25 6.5 9.6 1.53 1.69 0.15 1.00 0.96 0.15 0.31
11 10.50 49 18.8 21.9 25.0 15.3 130 Dry 100 25 6.5 9.6 1.69 1.79 0.10 1.00 0.96 0.10 0.21
12 11.50 56 20.2 24.3 28.3 17.4 130 Dry 100 28 7.6 10.7 2.17 2.24 0.07 1.00 0.96 0.06 0.15
13 12.50 56 20.2 24.3 28.3 17.4 130 Dry 100 28 7.6 10.7 2.24 2.29 0.05 1.00 0.96 0.05 0.10
14 13.50 56 20.2 24.3 28.3 17.4 130 Dry 100 28 7.6 10.7 2.29 2.34 0.05 1.00 0.96 0.05 0.05
15 14.50 56 20.2 24.3 28.3 17.4 130 Dry 100 28 7.6 10.7 2.34 2.39 0.05 1.00 0.96 0.05 0.00

PVR (inches)
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-9A

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 3.46
2 1.00 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 0.00 1.20 1.20 1.00 0.96 1.15 2.31
4 3.00 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 1.20 1.90 0.70 1.00 0.96 0.67 1.64
6 5.00 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 1.90 2.40 0.50 1.00 0.96 0.48 1.16
8 7.00 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 2.40 2.74 0.34 1.00 0.96 0.32 0.84
10 9.00 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 2.74 3.03 0.29 1.00 0.96 0.28 0.56
11 10.50 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 3.03 3.22 0.19 1.00 0.96 0.19 0.37
12 11.50 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 3.22 3.35 0.13 1.00 0.96 0.12 0.25
13 12.50 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 3.35 3.45 0.10 1.00 0.96 0.09 0.16
14 13.50 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 3.45 3.53 0.08 1.00 0.96 0.08 0.08
15 14.50 53 19.6 23.3 26.9 16 131 Dry 100 37 10.8 14.1 3.53 3.61 0.08 1.00 0.96 0.08 0.00

PVR (inches)
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-10

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 4.25
2 1.00 59 20.8 25.3 29.7 10 134 Dry 100 42 12.5 15.9 0.00 1.42 1.42 1.00 0.93 1.33 2.92
4 3.00 59 20.8 25.3 29.7 10 134 Dry 100 42 12.5 15.9 1.42 2.33 0.91 1.00 0.93 0.85 2.08
6 5.00 59 20.8 25.3 29.7 10 134 Dry 100 42 12.5 15.9 2.33 2.95 0.62 1.00 0.93 0.58 1.50
8 7.00 59 20.8 25.3 29.7 10 134 Dry 100 42 12.5 15.9 2.95 3.41 0.46 1.00 0.93 0.43 1.07
10 9.00 59 20.8 25.3 29.7 10 134 Dry 100 42 12.5 15.9 3.41 3.81 0.40 1.00 0.93 0.37 0.70
11 10.50 59 20.8 25.3 29.7 12 134 Dry 100 42 12.5 15.9 3.81 4.05 0.25 1.00 0.93 0.23 0.47
12 11.50 59 20.8 25.3 29.7 12 134 Dry 100 42 12.5 15.9 4.05 4.19 0.14 1.00 0.93 0.13 0.34
13 12.50 59 20.8 25.3 29.7 12 134 Dry 100 42 12.5 15.9 4.19 4.33 0.14 1.00 0.93 0.13 0.21
14 13.50 59 20.8 25.3 29.7 12 134 Dry 100 42 12.5 15.9 4.33 4.45 0.12 1.00 0.93 0.11 0.10
15 14.50 59 20.8 25.3 29.7 12 134 Dry 100 42 12.5 15.9 4.45 4.56 0.10 1.00 0.93 0.10 0.00
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-11

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 5.21
2 1.00 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 0.00 1.48 1.48 1.00 1.02 1.51 3.70
4 3.00 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 1.48 2.58 1.10 1.00 1.02 1.13 2.57
6 5.00 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 2.58 3.27 0.70 1.00 1.02 0.71 1.85
8 7.00 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 3.27 3.81 0.53 1.00 1.02 0.55 1.31
10 9.00 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 3.81 4.25 0.45 1.00 1.02 0.46 0.85
11 10.50 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 4.25 4.51 0.26 1.00 1.02 0.27 0.58
12 11.50 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 4.51 4.68 0.17 1.00 1.02 0.17 0.41
13 12.50 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 4.68 4.84 0.15 1.00 1.02 0.16 0.25
14 13.50 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 4.84 4.96 0.13 1.00 1.02 0.13 0.12
15 14.50 59 20.8 25.3 29.7 18 122 Dry 100 44 13.1 16.6 4.96 5.08 0.12 1.00 1.02 0.12 0.00
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-11A

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 4.89
2 1.00 59 20.8 25.3 29.7 17.8 122 Dry 100 44 13.1 16.6 0.00 1.48 1.48 1.00 1.02 1.51 3.38
4 3.00 59 20.8 25.3 29.7 17.8 122 Dry 100 44 13.1 16.6 1.48 2.58 1.10 1.00 1.02 1.13 2.25
6 5.00 59 20.8 25.3 29.7 17.8 122 Dry 100 44 13.1 16.6 2.58 3.27 0.70 1.00 1.02 0.71 1.54
8 7.00 59 20.8 25.3 29.7 17.8 122 Dry 100 44 13.1 16.6 3.27 3.81 0.53 1.00 1.02 0.55 0.99
10 9.00 59 20.8 25.3 29.7 17.8 122 Dry 100 44 13.1 16.6 3.81 4.25 0.45 1.00 1.02 0.46 0.53
11 10.50 51 19.2 22.6 26.0 17.3 122 Dry 100 35 10.1 13.4 2.88 3.04 0.17 1.00 1.02 0.17 0.36
12 11.50 51 19.2 22.6 26.0 17.3 122 Dry 100 35 10.1 13.4 3.04 3.15 0.11 1.00 1.02 0.11 0.25
13 12.50 51 19.2 22.6 26.0 17.3 122 Dry 100 35 10.1 13.4 3.15 3.24 0.09 1.00 1.02 0.09 0.16
14 13.50 51 19.2 22.6 26.0 17.3 122 Dry 100 35 10.1 13.4 3.24 3.32 0.08 1.00 1.02 0.08 0.08
15 14.50 51 19.2 22.6 26.0 17.3 122 Dry 100 35 10.1 13.4 3.32 3.40 0.08 1.00 1.02 0.08 0.00
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-12A

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 4.09
2 1.00 54 19.8 23.6 27.4 10.9 128 Dry 100 40 11.8 15.2 0.00 1.36 1.36 1.00 0.98 1.32 2.76
4 3.00 54 19.8 23.6 27.4 10.9 128 Dry 100 40 11.8 15.2 1.36 2.15 0.80 1.00 0.98 0.78 1.99
6 5.00 54 19.8 23.6 27.4 10.9 128 Dry 100 40 11.8 15.2 2.15 2.73 0.58 1.00 0.98 0.56 1.43
8 7.00 54 19.8 23.6 27.4 10.9 128 Dry 100 40 11.8 15.2 2.73 3.15 0.42 1.00 0.98 0.41 1.01
10 9.00 54 19.8 23.6 27.4 10.9 128 Dry 100 40 11.8 15.2 3.15 3.49 0.34 1.00 0.98 0.33 0.68
11 10.50 54 19.8 23.6 27.4 18.4 128 Dry 100 40 11.8 15.2 3.49 3.72 0.23 1.00 0.98 0.22 0.46
12 11.50 54 19.8 23.6 27.4 18.4 128 Dry 100 40 11.8 15.2 3.72 3.86 0.14 1.00 0.98 0.13 0.32
13 12.50 54 19.8 23.6 27.4 18.4 128 Dry 100 40 11.8 15.2 3.86 3.97 0.11 1.00 0.98 0.11 0.21
14 13.50 54 19.8 23.6 27.4 18.4 128 Dry 100 40 11.8 15.2 3.97 4.08 0.11 1.00 0.98 0.11 0.10
15 14.50 54 19.8 23.6 27.4 18.4 128 Dry 100 40 11.8 15.2 4.08 4.19 0.11 1.00 0.98 0.10 0.00
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Potential Vertical Rise (PVR) for Expansive Soil
TxDOT: TEX-124-E

Project Montopolis WRI Tank
Boring No. B-13

Depth to Bottom Average Liquid Dry Average Wet Moisture Wet Dry Passing Plasticity Volume Free Differential Modified Modified PVR in Total
of Layer Load Limit 0.2LL+9 0.47LL+2 Content Density Average #40 Sieve Index Swell Swell Top Bottom Swell #40 Factor density Layers PVR

(ft) (psi) (LL) (%) (pcf) Wet (%) (PI) (%) (%) Layer Layer (inch) Factor (inch) (inch)

0 0.00 2.53
2 1.00 42 17.4 19.6 21.7 9 138 Dry 100 29 8.0 11.1 0.00 0.91 0.91 1.00 0.91 0.82 1.71
4 3.00 42 17.4 19.6 21.7 9 138 Dry 100 29 8.0 11.1 0.91 1.37 0.46 1.00 0.91 0.42 1.29
6 5.00 42 17.4 19.6 21.7 9 138 Dry 100 29 8.0 11.1 1.37 1.69 0.32 1.00 0.91 0.29 1.00
8 7.00 42 17.4 19.6 21.7 9 138 Dry 100 29 8.0 11.1 1.69 1.98 0.28 1.00 0.91 0.26 0.74
10 9.00 42 17.4 19.6 21.7 9 138 Dry 100 29 8.0 11.1 1.98 2.17 0.19 1.00 0.91 0.17 0.56
11 10.50 57 20.4 24.6 28.8 20 138 Dry 100 38 11.1 14.5 3.18 3.39 0.21 1.00 0.91 0.19 0.38
12 11.50 57 20.4 24.6 28.8 20 138 Dry 100 38 11.1 14.5 3.39 3.52 0.13 1.00 0.91 0.12 0.26
13 12.50 57 20.4 24.6 28.8 20 138 Dry 100 38 11.1 14.5 3.52 3.62 0.10 1.00 0.91 0.09 0.17
14 13.50 57 20.4 24.6 28.8 20 138 Dry 100 38 11.1 14.5 3.62 3.71 0.09 1.00 0.91 0.08 0.08
15 14.50 57 20.4 24.6 28.8 20 138 Dry 100 38 11.1 14.5 3.71 3.80 0.09 1.00 0.91 0.08 0.00
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Ultimate Axial Capacity (tons)

Montopolis Pump Station_2ft_Diameter Drilled Shaft_Ultimate_Uplift
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Montopolis_2ft_Dia_Uplift.sfo
     =========================================================================

                      SHAFT for Windows, Version 2012.7.10   

                       Serial Number :  155987379

                    VERTICALLY LOADED DRILLED SHAFT ANALYSIS
                     (c) Copyright ENSOFT, Inc., 1987-2012   
                           All Rights Reserved               

     =========================================================================

     Path to file locations      : \\AUSTIN\Proj\AustinTXCityof\472902MontopolisWRI\Preliminary Services\Geotechnical 
Investigation\2015 Update\Calculations and Figure\SHAFT\
     Name of input data file     : .sfd
     Name of output file         : .sfo
     Name of plot output file    : .sfp
     Name of runtime file        : .sfr

     -------------------------------------------------------------------------
                          Time and Date of Analysis
     -------------------------------------------------------------------------

               Date:  June 16, 2015     Time:  16:00:18
 
     Montopolis Pump Station                                                 

     PROPOSED DEPTH =      35.0 FT
     ----------------

     REDUCTION FACTOR APPLIED FOR UPLIFT FRICTION = 1.000
     ----------------------------------------------

     NUMBER OF LAYERS =    2
     ------------------

     WATER TABLE DEPTH =      36.0 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE ULTIMATE SIDE FRICTION CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 1.00
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.100E+01
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.650E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.100E+01
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.650E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.150E+02

     LAYER NO 2----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.120E+05
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
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       SOIL UNIT WEIGHT, LB/CU FT                        = 0.125E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.150E+02

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.120E+05
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.125E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.400E+02

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    2.000  FT.
      DIAMETER OF BASE          =    2.000  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =    0.000  FT.
      IGNORED BOTTOM PORTION    =    0.000  FT.
      AREA OF ONE PERCENT STEEL =    4.524  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      WT      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
      0.5     0.06    10.05     0.12    10.17    10.17    10.17    174.82
      1.0     0.12    20.11     0.24    20.34    20.34    20.34    174.82
      1.5     0.17    30.16     0.35    30.52    30.52    30.52    174.82
      2.0     0.23    40.22     0.47    40.69    40.69    40.69    174.82
      2.5     0.29    50.27     0.59    50.86    50.86    50.86    174.83
      3.0     0.35    60.33     0.71    61.03    61.03    61.03    174.83
      3.5     0.41    70.38     0.82    71.21    71.21    71.21    174.83
      4.0     0.47    80.44     0.94    81.38    81.38    81.38    174.82
      4.5     0.52    90.49     1.06    91.55    91.55    91.55    174.83
      5.0     0.58   100.54     1.18   101.72   101.72   101.72    174.83
      5.5     0.64   110.60     1.30   111.89   111.89   111.89    174.83
      6.0     0.70   120.65     1.41   122.07   122.07   122.07    174.83
      6.5     0.76   130.71     1.53   132.24   132.24   132.24    174.83
      7.0     0.81   140.76     1.65   142.41   142.41   142.41    174.83
      7.5     0.87   150.82     1.77   152.58   152.58   152.58    174.83
      8.0     0.93   160.87     1.89   162.76   162.76   162.76    174.82
      8.5     0.99   170.92     2.00   172.93   172.93   172.93    174.82
      9.0     1.05   180.98     2.12   183.10   183.10   183.10    174.82
      9.5     1.11   191.03     2.24   193.27   193.27   193.27    174.83
     10.0     1.16   201.09     2.36   203.44   203.44   203.44    174.83
     10.5     1.22   211.14     2.47   213.62   213.62   213.62    174.83
     11.0     1.28   221.20     2.59   223.79   223.79   223.79    174.82
     11.5     1.34   231.25     2.71   233.96   233.96   233.96    174.82
     12.0     1.40   241.31     2.83   244.13   244.13   244.13    174.82
     12.5     1.45   251.36     2.95   254.31   254.31   254.31    174.82
     13.0     1.51   261.41     3.06   264.48   264.48   264.48    174.82
     13.5     1.57   271.47     3.18   274.65   274.65   274.65    174.82
     14.0     1.63   281.52     3.30   284.82   284.82   284.82    174.82
     14.5     1.69   291.58     3.42   294.99   294.99   294.99    174.82
     15.0     1.75   301.63     3.53   305.17   305.17   305.17    174.82
     15.5     1.80   311.69     3.65   315.34   315.34   315.34    174.82
     16.0     1.86   321.74     3.77   325.51   325.51   325.51    174.82
     16.5     1.92   331.80     3.89   335.68   335.68   335.68    174.82
     17.0     1.98   341.85     4.01   345.86   345.86   345.86    174.82
     17.5     2.04   351.90     4.12   356.03   356.03   356.03    174.82
     18.0     2.09   361.96     4.24   366.20   366.20   366.20    174.82
     18.5     2.15   372.01     4.36   376.37   376.37   376.37    174.82
     19.0     2.21   382.07     4.48   386.54   386.54   386.54    174.82
     19.5     2.27   392.12     4.60   396.72   396.72   396.72    174.82
     20.0     2.33   402.18     4.71   406.89   406.89   406.89    174.82
     20.5     2.39   412.23     4.83   417.06   417.06   417.06    174.82
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     21.0     2.44   422.28     4.95   427.23   427.23   427.23    174.82
     21.5     2.50   432.34     5.07   437.41   437.41   437.41    174.82
     22.0     2.56   442.39     5.18   447.58   447.58   447.58    174.82
     22.5     2.62   452.45     5.30   457.75   457.75   457.75    174.82
     23.0     2.68   462.50     5.42   467.92   467.92   467.92    174.82
     23.5     2.73   472.56     5.54   478.09   478.09   478.09    174.82
     24.0     2.79   482.61     5.66   488.27   488.27   488.27    174.82
     24.5     2.85   492.67     5.77   498.44   498.44   498.44    174.82
     25.0     2.91   502.72     5.89   508.61   508.61   508.61    174.82
     25.5     2.97   512.77     6.01   518.78   518.78   518.78    174.82
     26.0     3.03   522.83     6.13   528.96   528.96   528.96    174.82
     26.5     3.08   532.88     6.24   539.13   539.13   539.13    174.82
     27.0     3.14   542.94     6.36   549.30   549.30   549.30    174.82
     27.5     3.20   552.99     6.48   559.47   559.47   559.47    174.82
     28.0     3.26   563.05     6.60   569.64   569.64   569.64    174.82
     28.5     3.32   573.10     6.72   579.82   579.82   579.82    174.83
     29.0     3.37   583.16     6.83   589.99   589.99   589.99    174.83
     29.5     3.43   593.21     6.95   600.16   600.16   600.16    174.83
     30.0     3.49   603.26     7.07   610.33   610.33   610.33    174.83
     30.5     3.55   613.32     7.19   620.51   620.51   620.51    174.83
     31.0     3.61   623.37     7.31   630.68   630.68   630.68    174.83
     31.5     3.67   633.43     7.42   640.85   640.85   640.85    174.83
     32.0     3.72   643.48     7.54   651.02   651.02   651.02    174.83
     32.5     3.78   653.54     7.66   661.19   661.19   661.19    174.83
     33.0     3.84   663.59     7.78   671.37   671.37   671.37    174.83
     33.5     3.90   673.64     7.89   681.54   681.54   681.54    174.83
     34.0     3.96   683.70     8.01   691.71   691.71   691.71    174.83
     34.5     4.01   693.75     8.13   701.88   701.88   701.88    174.83
     35.0     4.07   703.81     8.25   712.06   712.06   712.06    174.83

        RESULT FROM TREND (AVERAGED) LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.3952E+00      0.7828E-04      0.2715E-03      0.1000E-04
       0.1976E+01      0.3914E-03      0.1357E-02      0.5000E-04
       0.3952E+01      0.7828E-03      0.2715E-02      0.1000E-03
       0.1969E+03      0.3999E-01      0.1357E+00      0.5000E-02
       0.2685E+03      0.5813E-01      0.2036E+00      0.7500E-02
       0.3279E+03      0.7454E-01      0.2715E+00      0.1000E-01
       0.5100E+03      0.1428E+00      0.6787E+00      0.2500E-01
       0.6064E+03      0.2016E+00      0.1357E+01      0.5000E-01
       0.6446E+03      0.2422E+00      0.2036E+01      0.7500E-01
       0.6511E+03      0.2698E+00      0.2715E+01      0.1000E+00
       0.6431E+03      0.4208E+00      0.4715E+01      0.2500E+00
       0.5858E+03      0.6549E+00      0.6567E+01      0.5000E+00
       0.5864E+03      0.7802E+00      0.7194E+01      0.6250E+00
       0.5867E+03      0.9366E+00      0.7528E+01      0.7812E+00
       0.5872E+03      0.1356E+01      0.8000E+01      0.1200E+01

        RESULT FROM UPPER-BOUND LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.8178E+00      0.1352E-03      0.4055E-03      0.1000E-04
       0.4089E+01      0.6761E-03      0.2028E-02      0.5000E-04
       0.8178E+01      0.1352E-02      0.4055E-02      0.1000E-03
       0.3415E+03      0.6579E-01      0.2028E+00      0.5000E-02
       0.4225E+03      0.9024E-01      0.3041E+00      0.7500E-02
       0.4799E+03      0.1105E+00      0.4055E+00      0.1000E-01
       0.6334E+03      0.1813E+00      0.1014E+01      0.2500E-01
       0.6825E+03      0.2255E+00      0.2028E+01      0.5000E-01
       0.6971E+03      0.2564E+00      0.3041E+01      0.7500E-01
       0.7045E+03      0.2847E+00      0.4055E+01      0.1000E+00
       0.6918E+03      0.4344E+00      0.6261E+01      0.2500E+00
       0.6457E+03      0.6708E+00      0.7574E+01      0.5000E+00
       0.6461E+03      0.7960E+00      0.7952E+01      0.6250E+00
       0.6463E+03      0.9523E+00      0.8114E+01      0.7812E+00
       0.6464E+03      0.1371E+01      0.8207E+01      0.1200E+01

        RESULT FROM LOWER-BOUND LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.1533E+00      0.4065E-04      0.1375E-03      0.1000E-04
       0.7666E+00      0.2032E-03      0.6873E-03      0.5000E-04
       0.1533E+01      0.4065E-03      0.1375E-02      0.1000E-03
       0.7866E+02      0.2058E-01      0.6873E-01      0.5000E-02
       0.1177E+03      0.3092E-01      0.1031E+00      0.7500E-02
       0.1544E+03      0.4109E-01      0.1375E+00      0.1000E-01
       0.3311E+03      0.9639E-01      0.3437E+00      0.2500E-01
       0.4865E+03      0.1655E+00      0.6873E+00      0.5000E-01
       0.5570E+03      0.2142E+00      0.1031E+01      0.7500E-01
       0.5878E+03      0.2505E+00      0.1375E+01      0.1000E+00
       0.5871E+03      0.4065E+00      0.3169E+01      0.2500E+00
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       0.5258E+03      0.6389E+00      0.5560E+01      0.5000E+00
       0.5267E+03      0.7644E+00      0.6437E+01      0.6250E+00
       0.5272E+03      0.9209E+00      0.6932E+01      0.7812E+00
       0.5280E+03      0.1340E+01      0.7753E+01      0.1200E+01
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Resistance/F.S.  (tons)
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Axial Load (tons)
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     =========================================================================

                      SHAFT for Windows, Version 2012.7.10   

                       Serial Number :  155987379

                    VERTICALLY LOADED DRILLED SHAFT ANALYSIS
                     (c) Copyright ENSOFT, Inc., 1987-2012   
                           All Rights Reserved               

     =========================================================================

     Path to file locations      : \\AUSTIN\Proj\AustinTXCityof\472902MontopolisWRI\Preliminary Services\Geotechnical 
Investigation\2015 Update\Calculations and Figure\SHAFT\
     Name of input data file     : .sfd
     Name of output file         : .sfo
     Name of plot output file    : .sfp
     Name of runtime file        : .sfr

     -------------------------------------------------------------------------
                          Time and Date of Analysis
     -------------------------------------------------------------------------

               Date:  June 16, 2015     Time:  15:25:01
 
     Montopolis Pump Station                                                 

     PROPOSED DEPTH =      35.0 FT
     ----------------

     NUMBER OF LAYERS =    2
     ------------------

     WATER TABLE DEPTH =      36.0 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE ULTIMATE SIDE FRICTION CAPACITY = 2.50
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.650E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.650E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.150E+02

     LAYER NO 2----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.120E+05
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.125E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.150E+02
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       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.120E+05
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.125E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.400E+02

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    2.000  FT.
      DIAMETER OF BASE          =    2.000  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =    5.000  FT.
      IGNORED BOTTOM PORTION    =    0.000  FT.
      AREA OF ONE PERCENT STEEL =    4.524  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
      5.5     0.64     5.62    91.90    97.52    36.25    32.88    151.37
      6.0     0.70    11.23    91.90   103.14    41.87    35.13    147.71
      6.5     0.76    16.85    91.90   108.75    47.48    37.37    144.06
      7.0     0.81    22.47    91.90   114.37    53.10    39.62    140.40
      7.5     0.87    28.08    91.90   119.99    58.72    41.87    137.66
      8.0     0.93    33.70    91.90   125.60    64.33    44.11    134.92
      8.5     0.99    39.31    91.90   131.22    69.95    46.36    132.78
      9.0     1.05    44.93    91.90   136.83    75.57    48.61    130.65
      9.5     1.11    50.55    91.90   142.45    81.18    50.85    128.94
     10.0     1.16    56.16    91.90   148.07    86.80    53.10    127.24
     10.5     1.22    61.78    91.90   153.68    92.41    55.35    125.84
     11.0     1.28    67.40    91.90   159.30    98.03    57.59    124.45
     11.5     1.34    73.01    97.94   170.95   105.66    61.85    127.60
     12.0     1.40    78.63   103.97   182.60   113.28    66.11    130.76
     12.5     1.45    84.24   111.20   195.45   121.31    70.77    134.22
     13.0     1.51    89.86   118.44   208.30   129.34    75.43    137.69
     13.5     1.57    95.48   122.06   217.54   136.16    78.88    138.44
     14.0     1.63   101.09   125.68   226.77   142.99    82.33    139.19
     14.5     1.69   106.71   125.68   232.39   148.60    84.58    137.77
     15.0     1.75   112.33   125.68   238.01   154.22    86.82    136.35
     15.5     1.80   122.38   125.68   248.06   164.27    90.85    137.49
     16.0     1.86   132.44   125.68   258.12   174.33    94.87    138.63
     16.5     1.92   142.49   125.68   268.17   184.38    98.89    139.63
     17.0     1.98   152.54   125.68   278.22   194.44   102.91    140.64
     17.5     2.04   162.60   125.68   288.28   204.49   106.93    141.53
     18.0     2.09   172.65   125.68   298.33   214.55   110.95    142.42
     18.5     2.15   182.71   125.68   308.39   224.60   114.98    143.22
     19.0     2.21   192.76   125.68   318.44   234.66   119.00    144.02
     19.5     2.27   202.82   125.68   328.50   244.71   123.02    144.74
     20.0     2.33   212.87   125.68   338.55   254.76   127.04    145.46
     20.5     2.39   222.92   125.68   348.60   264.82   131.06    146.11
     21.0     2.44   232.98   125.68   358.66   274.87   135.09    146.76
     21.5     2.50   243.03   125.68   368.71   284.93   139.11    147.36
     22.0     2.56   253.09   125.68   378.77   294.98   143.13    147.95
     22.5     2.62   263.14   125.68   388.82   305.04   147.15    148.49
     23.0     2.68   273.20   125.68   398.88   315.09   151.17    149.03
     23.5     2.73   283.25   125.68   408.93   325.14   155.19    149.52
     24.0     2.79   293.31   125.68   418.99   335.20   159.22    150.02
     24.5     2.85   303.36   125.68   429.04   345.25   163.24    150.47
     25.0     2.91   313.41   125.68   439.09   355.31   167.26    150.93
     25.5     2.97   323.47   125.68   449.15   365.36   171.28    151.35
     26.0     3.03   333.52   125.68   459.20   375.42   175.30    151.77
     26.5     3.08   343.58   125.68   469.26   385.47   179.32    152.16
     27.0     3.14   353.63   125.68   479.31   395.53   183.35    152.55
     27.5     3.20   363.69   125.68   489.37   405.58   187.37    152.91
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     28.0     3.26   373.74   125.68   499.42   415.63   191.39    153.27
     28.5     3.32   383.80   125.68   509.48   425.69   195.41    153.61
     29.0     3.37   393.85   125.68   519.53   435.74   199.43    153.95
     29.5     3.43   403.90   125.68   529.58   445.80   203.45    154.26
     30.0     3.49   413.96   125.68   539.64   455.85   207.48    154.57
     30.5     3.55   424.01   125.68   549.69   465.91   211.50    154.87
     31.0     3.61   434.07   125.68   559.75   475.96   215.52    155.16
     31.5     3.67   444.12   125.68   569.80   486.01   219.54    155.44
     32.0     3.72   454.18   125.68   579.86   496.07   223.56    155.71
     32.5     3.78   464.23   125.68   589.91   506.12   227.59    155.97
     33.0     3.84   474.28   125.68   599.96   516.18   231.61    156.23
     33.5     3.90   484.34   125.68   610.02   526.23   235.63    156.48
     34.0     3.96   494.39   125.68   620.07   536.29   239.65    156.72
     34.5     4.01   504.45   125.68   630.13   546.34   243.67    156.95
     35.0     4.07   514.50   125.68   640.18   556.40   247.69    157.18

        RESULT FROM TREND (AVERAGED) LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.2439E+00      0.6892E-04      0.4137E-02      0.1000E-04
       0.1219E+01      0.3446E-03      0.2068E-01      0.5000E-04
       0.2439E+01      0.6892E-03      0.4137E-01      0.1000E-03
       0.1258E+03      0.3544E-01      0.2068E+01      0.5000E-02
       0.1777E+03      0.5219E-01      0.3103E+01      0.7500E-02
       0.2231E+03      0.6787E-01      0.4137E+01      0.1000E-01
       0.3803E+03      0.1350E+00      0.1034E+02      0.2500E-01
       0.4794E+03      0.1978E+00      0.2068E+02      0.5000E-01
       0.5226E+03      0.2419E+00      0.3103E+02      0.7500E-01
       0.5389E+03      0.2744E+00      0.4137E+02      0.1000E+00
       0.5628E+03      0.4399E+00      0.7185E+02      0.2500E+00
       0.5450E+03      0.6892E+00      0.1001E+03      0.5000E+00
       0.5546E+03      0.8192E+00      0.1096E+03      0.6250E+00
       0.5596E+03      0.9780E+00      0.1147E+03      0.7812E+00
       0.5668E+03      0.1401E+01      0.1219E+03      0.1200E+01

        RESULT FROM UPPER-BOUND LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.4680E+00      0.1138E-03      0.6179E-02      0.1000E-04
       0.2340E+01      0.5691E-03      0.3090E-01      0.5000E-04
       0.4680E+01      0.1138E-02      0.6179E-01      0.1000E-03
       0.2213E+03      0.5749E-01      0.3090E+01      0.5000E-02
       0.2914E+03      0.8139E-01      0.4634E+01      0.7500E-02
       0.3437E+03      0.1016E+00      0.6179E+01      0.1000E-01
       0.4906E+03      0.1737E+00      0.1545E+02      0.2500E-01
       0.5505E+03      0.2245E+00      0.3090E+02      0.5000E-01
       0.5787E+03      0.2625E+00      0.4634E+02      0.7500E-01
       0.6002E+03      0.2981E+00      0.6179E+02      0.1000E+00
       0.6224E+03      0.4635E+00      0.9541E+02      0.2500E+00
       0.6056E+03      0.7112E+00      0.1154E+03      0.5000E+00
       0.6114E+03      0.8391E+00      0.1212E+03      0.6250E+00
       0.6139E+03      0.9967E+00      0.1236E+03      0.7812E+00
       0.6153E+03      0.1416E+01      0.1251E+03      0.1200E+01

        RESULT FROM LOWER-BOUND LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.1029E+00      0.3743E-04      0.2095E-02      0.1000E-04
       0.5147E+00      0.1871E-03      0.1047E-01      0.5000E-04
       0.1029E+01      0.3743E-03      0.2095E-01      0.1000E-03
       0.5271E+02      0.1895E-01      0.1047E+01      0.5000E-02
       0.7914E+02      0.2847E-01      0.1571E+01      0.7500E-02
       0.1047E+03      0.3792E-01      0.2095E+01      0.1000E-01
       0.2349E+03      0.9018E-01      0.5237E+01      0.2500E-01
       0.3675E+03      0.1586E+00      0.1047E+02      0.5000E-01
       0.4342E+03      0.2084E+00      0.1571E+02      0.7500E-01
       0.4683E+03      0.2468E+00      0.2095E+02      0.1000E+00
       0.4988E+03      0.4156E+00      0.4828E+02      0.2500E+00
       0.4844E+03      0.6673E+00      0.8473E+02      0.5000E+00
       0.4977E+03      0.7992E+00      0.9808E+02      0.6250E+00
       0.5053E+03      0.9593E+00      0.1056E+03      0.7812E+00
       0.5178E+03      0.1385E+01      0.1181E+03      0.1200E+01
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Ultimate Axial Capacity (tons)

Montopolis Pump Station_2ft_Diameter Drilled Shaft_Ultimate_Uplift
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Pipe Gallery

Slab Bottom

or PS Slab

Bottom

Active zone for swelling/

uplifting (15 ft)

Calculation (Under Pump Station Slab):

Swell Uplift @ 15 ft bgs = 300 tons

Minimum Dead Pile Load = D= 13.2 tons.

Uplift Resistance required = (1.25(300 -13.2 tons) + 300

tons) = 659 tons

(1.25 = FOS for uplift resistance)

32 ft long shaft below bottom of pump station

slab is needed to resist uplift. Now go to

"Resistance/F.S." plot to determine allowable

compression resistance at this depth

Shaft Calculation- (Under Pipe Gallery):
Swell Uplift @ 8 ft below bottom of pipe gallery = 160 tons (upper 7 ft of 15 ft removed)
Minimum Pile Dean Load = D= 18.3 tons.
Uplift Resistance required = (1.25(160 -18.3 tons) + 160 tons) = 337.1 tons
(1.25 = FOS for uplift resistance)

16.2 ft long shaft is
required below
bottom of pipe
gallery to resist
uplift. Now go to
"Resistance/F.S."
plot to determine
allowable
compression
resistance at this
depth
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Resistance/F.S.  (tons)

Montopolis Pump Station_2ft_Diameter Drilled Shaft_Ultimate_Compression
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Axial Load (tons)

Montopolis Pump Station_2ft_Diameter Drilled Shaft_Compression
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Ultimate Axial Capacity (tons)

Montopolis Pump Station_2.5ft_Diameter Drilled Shaft_Ultimate_Uplift
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Montopolis_2.5ft_Dia_Uplift.sfo
     =========================================================================

                      SHAFT for Windows, Version 2012.7.10   

                       Serial Number :  155987379

                    VERTICALLY LOADED DRILLED SHAFT ANALYSIS
                     (c) Copyright ENSOFT, Inc., 1987-2012   
                           All Rights Reserved               

     =========================================================================

     Path to file locations      : \\AUSTIN\Proj\AustinTXCityof\472902MontopolisWRI\Preliminary Services\Geotechnical 
Investigation\2015 Update\Calculations and Figure\SHAFT\
     Name of input data file     : .sfd
     Name of output file         : .sfo
     Name of plot output file    : .sfp
     Name of runtime file        : .sfr

     -------------------------------------------------------------------------
                          Time and Date of Analysis
     -------------------------------------------------------------------------

               Date:  June 16, 2015     Time:  16:21:54
 
     Montopolis Pump Station                                                 

     PROPOSED DEPTH =      35.0 FT
     ----------------

     REDUCTION FACTOR APPLIED FOR UPLIFT FRICTION = 1.000
     ----------------------------------------------

     NUMBER OF LAYERS =    2
     ------------------

     WATER TABLE DEPTH =      36.0 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE ULTIMATE SIDE FRICTION CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 1.00
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.100E+01
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.650E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.100E+01
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.650E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.150E+02

     LAYER NO 2----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.120E+05
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
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       SOIL UNIT WEIGHT, LB/CU FT                        = 0.125E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.150E+02

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.120E+05
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.125E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.450E+02

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    2.500  FT.
      DIAMETER OF BASE          =    2.500  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =    0.000  FT.
      IGNORED BOTTOM PORTION    =    0.000  FT.
      AREA OF ONE PERCENT STEEL =    7.069  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      WT      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
      0.5     0.09    12.57     0.18    12.75    12.75    12.75    140.26
      1.0     0.18    25.14     0.37    25.50    25.50    25.50    140.26
      1.5     0.27    37.70     0.55    38.26    38.26    38.26    140.26
      2.0     0.36    50.27     0.74    51.01    51.01    51.01    140.26
      2.5     0.45    62.84     0.92    63.76    63.76    63.76    140.26
      3.0     0.55    75.41     1.10    76.51    76.51    76.51    140.26
      3.5     0.64    87.98     1.29    89.26    89.26    89.26    140.26
      4.0     0.73   100.54     1.47   102.02   102.02   102.02    140.26
      4.5     0.82   113.11     1.66   114.77   114.77   114.77    140.27
      5.0     0.91   125.68     1.84   127.52   127.52   127.52    140.27
      5.5     1.00   138.25     2.03   140.27   140.27   140.27    140.27
      6.0     1.09   150.82     2.21   153.03   153.03   153.03    140.26
      6.5     1.18   163.38     2.39   165.78   165.78   165.78    140.27
      7.0     1.27   175.95     2.58   178.53   178.53   178.53    140.27
      7.5     1.36   188.52     2.76   191.28   191.28   191.28    140.27
      8.0     1.45   201.09     2.95   204.03   204.03   204.03    140.26
      8.5     1.55   213.66     3.13   216.79   216.79   216.79    140.26
      9.0     1.64   226.22     3.31   229.54   229.54   229.54    140.26
      9.5     1.73   238.79     3.50   242.29   242.29   242.29    140.27
     10.0     1.82   251.36     3.68   255.04   255.04   255.04    140.27
     10.5     1.91   263.93     3.87   267.79   267.79   267.79    140.27
     11.0     2.00   276.50     4.05   280.55   280.55   280.55    140.27
     11.5     2.09   289.06     4.23   293.30   293.30   293.30    140.27
     12.0     2.18   301.63     4.42   306.05   306.05   306.05    140.26
     12.5     2.27   314.20     4.60   318.80   318.80   318.80    140.26
     13.0     2.36   326.77     4.79   331.55   331.55   331.55    140.26
     13.5     2.45   339.34     4.97   344.31   344.31   344.31    140.26
     14.0     2.55   351.90     5.15   357.06   357.06   357.06    140.26
     14.5     2.64   364.47     5.34   369.81   369.81   369.81    140.26
     15.0     2.73   377.04     5.52   382.56   382.56   382.56    140.26
     15.5     2.82   389.61     5.71   395.32   395.32   395.32    140.26
     16.0     2.91   402.18     5.89   408.07   408.07   408.07    140.26
     16.5     3.00   414.74     6.08   420.82   420.82   420.82    140.26
     17.0     3.09   427.31     6.26   433.57   433.57   433.57    140.26
     17.5     3.18   439.88     6.44   446.32   446.32   446.32    140.26
     18.0     3.27   452.45     6.63   459.08   459.08   459.08    140.26
     18.5     3.36   465.02     6.81   471.83   471.83   471.83    140.26
     19.0     3.45   477.58     7.00   484.58   484.58   484.58    140.26
     19.5     3.55   490.15     7.18   497.33   497.33   497.33    140.26
     20.0     3.64   502.72     7.36   510.08   510.08   510.08    140.26
     20.5     3.73   515.29     7.55   522.84   522.84   522.84    140.26
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     21.0     3.82   527.86     7.73   535.59   535.59   535.59    140.26
     21.5     3.91   540.42     7.92   548.34   548.34   548.34    140.26
     22.0     4.00   552.99     8.10   561.09   561.09   561.09    140.26
     22.5     4.09   565.56     8.28   573.84   573.84   573.84    140.26
     23.0     4.18   578.13     8.47   586.60   586.60   586.60    140.26
     23.5     4.27   590.70     8.65   599.35   599.35   599.35    140.26
     24.0     4.36   603.26     8.84   612.10   612.10   612.10    140.26
     24.5     4.45   615.83     9.02   624.85   624.85   624.85    140.26
     25.0     4.55   628.40     9.21   637.60   637.60   637.60    140.26
     25.5     4.64   640.97     9.39   650.36   650.36   650.36    140.26
     26.0     4.73   653.54     9.57   663.11   663.11   663.11    140.26
     26.5     4.82   666.10     9.76   675.86   675.86   675.86    140.26
     27.0     4.91   678.67     9.94   688.61   688.61   688.61    140.26
     27.5     5.00   691.24    10.13   701.37   701.37   701.37    140.26
     28.0     5.09   703.81    10.31   714.12   714.12   714.12    140.26
     28.5     5.18   716.38    10.49   726.87   726.87   726.87    140.26
     29.0     5.27   728.94    10.68   739.62   739.62   739.62    140.26
     29.5     5.36   741.51    10.86   752.37   752.37   752.37    140.26
     30.0     5.45   754.08    11.05   765.13   765.13   765.13    140.26
     30.5     5.55   766.65    11.23   777.88   777.88   777.88    140.26
     31.0     5.64   779.22    11.41   790.63   790.63   790.63    140.26
     31.5     5.73   791.78    11.60   803.38   803.38   803.38    140.26
     32.0     5.82   804.35    11.78   816.13   816.13   816.13    140.26
     32.5     5.91   816.92    11.97   828.89   828.89   828.89    140.26
     33.0     6.00   829.49    12.15   841.64   841.64   841.64    140.26
     33.5     6.09   842.06    12.33   854.39   854.39   854.39    140.26
     34.0     6.18   854.62    12.52   867.14   867.14   867.14    140.26
     34.5     6.27   867.19    12.70   879.89   879.89   879.89    140.26
     35.0     6.36   879.76    12.89   892.65   892.65   892.65    140.26

        RESULT FROM TREND (AVERAGED) LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.2887E+00      0.4596E-04      0.3394E-03      0.1000E-04
       0.1443E+01      0.2298E-03      0.1697E-02      0.5000E-04
       0.2887E+01      0.4596E-03      0.3394E-02      0.1000E-03
       0.1487E+03      0.2333E-01      0.1697E+00      0.5000E-02
       0.2224E+03      0.3505E-01      0.2545E+00      0.7500E-02
       0.2859E+03      0.4649E-01      0.3394E+00      0.1000E-01
       0.5412E+03      0.1035E+00      0.8484E+00      0.2500E-01
       0.6949E+03      0.1583E+00      0.1697E+01      0.5000E-01
       0.7757E+03      0.2019E+00      0.2545E+01      0.7500E-01
       0.8038E+03      0.2338E+00      0.3394E+01      0.1000E+00
       0.8225E+03      0.3895E+00      0.6508E+01      0.2500E+00
       0.7609E+03      0.6304E+00      0.9375E+01      0.5000E+00
       0.7343E+03      0.7496E+00      0.1026E+02      0.6250E+00
       0.7352E+03      0.8749E+00      0.1115E+02      0.7500E+00
       0.7365E+03      0.1625E+01      0.1250E+02      0.1500E+01

        RESULT FROM UPPER-BOUND LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.5408E+00      0.7113E-04      0.5069E-03      0.1000E-04
       0.2704E+01      0.3556E-03      0.2534E-02      0.5000E-04
       0.5408E+01      0.7113E-03      0.5069E-02      0.1000E-03
       0.2803E+03      0.3652E-01      0.2534E+00      0.5000E-02
       0.3879E+03      0.5391E-01      0.3802E+00      0.7500E-02
       0.4714E+03      0.6969E-01      0.5069E+00      0.1000E-01
       0.7288E+03      0.1371E+00      0.1267E+01      0.2500E-01
       0.8247E+03      0.1844E+00      0.2534E+01      0.5000E-01
       0.8570E+03      0.2169E+00      0.3802E+01      0.7500E-01
       0.8722E+03      0.2455E+00      0.5069E+01      0.1000E+00
       0.8845E+03      0.4001E+00      0.8978E+01      0.2500E+00
       0.8253E+03      0.6409E+00      0.1130E+02      0.5000E+00
       0.8095E+03      0.7624E+00      0.1183E+02      0.6250E+00
       0.8101E+03      0.8876E+00      0.1237E+02      0.7500E+00
       0.8105E+03      0.1638E+01      0.1282E+02      0.1500E+01

        RESULT FROM LOWER-BOUND LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.1255E+00      0.2748E-04      0.1718E-03      0.1000E-04
       0.6275E+00      0.1374E-03      0.8591E-03      0.5000E-04
       0.1255E+01      0.2748E-03      0.1718E-02      0.1000E-03
       0.6366E+02      0.1380E-01      0.8591E-01      0.5000E-02
       0.9572E+02      0.2074E-01      0.1289E+00      0.7500E-02
       0.1277E+03      0.2767E-01      0.1718E+00      0.1000E-01
       0.3022E+03      0.6818E-01      0.4296E+00      0.2500E-01
       0.5045E+03      0.1257E+00      0.8591E+00      0.5000E-01
       0.6261E+03      0.1735E+00      0.1289E+01      0.7500E-01
       0.6898E+03      0.2113E+00      0.1718E+01      0.1000E+00
       0.7606E+03      0.3790E+00      0.4038E+01      0.2500E+00
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       0.6802E+03      0.6162E+00      0.7453E+01      0.5000E+00
       0.6590E+03      0.7367E+00      0.8688E+01      0.6250E+00
       0.6602E+03      0.8621E+00      0.9923E+01      0.7500E+00
       0.6624E+03      0.1613E+01      0.1211E+02      0.1500E+01
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Resistance/F.S.  (tons)
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Axial Load (tons)
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Montopolis_2.5ft_Dia_Comp.sfo
     =========================================================================

                      SHAFT for Windows, Version 2012.7.10   

                       Serial Number :  155987379

                    VERTICALLY LOADED DRILLED SHAFT ANALYSIS
                     (c) Copyright ENSOFT, Inc., 1987-2012   
                           All Rights Reserved               

     =========================================================================

     Path to file locations      : \\AUSTIN\Proj\AustinTXCityof\472902MontopolisWRI\Preliminary Services\Geotechnical 
Investigation\2015 Update\Calculations and Figure\SHAFT\
     Name of input data file     : .sfd
     Name of output file         : .sfo
     Name of plot output file    : .sfp
     Name of runtime file        : .sfr

     -------------------------------------------------------------------------
                          Time and Date of Analysis
     -------------------------------------------------------------------------

               Date:  June 16, 2015     Time:  16:25:43
 
     Montopolis Pump Station                                                 

     PROPOSED DEPTH =      35.0 FT
     ----------------

     NUMBER OF LAYERS =    2
     ------------------

     WATER TABLE DEPTH =      36.0 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE ULTIMATE SIDE FRICTION CAPACITY = 2.50
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY = 3.00
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.650E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.650E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.150E+02

     LAYER NO 2----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.120E+05
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.125E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.150E+02
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       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.120E+05
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.125E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.640E+04
       DEPTH, FT                                         = 0.450E+02

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    2.500  FT.
      DIAMETER OF BASE          =    2.500  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =    5.000  FT.
      IGNORED BOTTOM PORTION    =    0.000  FT.
      AREA OF ONE PERCENT STEEL =    7.069  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
      5.5     1.00     7.02   143.60   150.62    54.89    50.67    149.30
      6.0     1.09    14.04   143.60   157.64    61.91    53.48    144.50
      6.5     1.18    21.06   143.60   164.66    68.93    56.29    139.69
      7.0     1.27    28.08   143.60   171.68    75.95    59.10    134.88
      7.5     1.36    35.10   143.60   178.70    82.97    61.91    131.28
      8.0     1.45    42.12   143.60   185.72    89.99    64.72    127.68
      8.5     1.55    49.14   143.60   192.74    97.01    67.52    124.87
      9.0     1.64    56.16   143.60   199.76   104.03    70.33    122.07
      9.5     1.73    63.18   143.60   206.78   111.05    73.14    119.83
     10.0     1.82    70.20   143.60   213.80   118.07    75.95    117.59
     10.5     1.91    77.22   150.80   228.02   127.49    81.16    119.35
     11.0     2.00    84.24   157.99   242.24   136.91    86.36    121.11
     11.5     2.09    91.27   166.39   257.65   146.73    91.97    123.13
     12.0     2.18    98.29   174.78   273.07   156.55    97.58    125.15
     12.5     2.27   105.31   181.98   287.29   165.97   102.78    126.35
     13.0     2.36   112.33   189.18   301.50   175.39   107.99    127.55
     13.5     2.45   119.35   192.78   312.12   183.61   112.00    127.17
     14.0     2.55   126.37   196.38   322.74   191.83   116.01    126.78
     14.5     2.64   133.39   196.38   329.76   198.85   118.81    125.13
     15.0     2.73   140.41   196.38   336.78   205.87   121.62    123.48
     15.5     2.82   152.98   196.38   349.35   218.43   126.65    123.94
     16.0     2.91   165.54   196.38   361.92   231.00   131.68    124.40
     16.5     3.00   178.11   196.38   374.49   243.57   136.70    124.81
     17.0     3.09   190.68   196.38   387.06   256.14   141.73    125.22
     17.5     3.18   203.25   196.38   399.62   268.71   146.76    125.58
     18.0     3.27   215.82   196.38   412.19   281.27   151.78    125.94
     18.5     3.36   228.38   196.38   424.76   293.84   156.81    126.26
     19.0     3.45   240.95   196.38   437.33   306.41   161.84    126.59
     19.5     3.55   253.52   196.38   449.90   318.98   166.87    126.88
     20.0     3.64   266.09   196.38   462.46   331.55   171.89    127.17
     20.5     3.73   278.66   196.38   475.03   344.11   176.92    127.43
     21.0     3.82   291.22   196.38   487.60   356.68   181.95    127.70
     21.5     3.91   303.79   196.38   500.17   369.25   186.98    127.94
     22.0     4.00   316.36   196.38   512.74   381.82   192.00    128.18
     22.5     4.09   328.93   196.38   525.30   394.39   197.03    128.40
     23.0     4.18   341.50   196.38   537.87   406.95   202.06    128.61
     23.5     4.27   354.06   196.38   550.44   419.52   207.08    128.81
     24.0     4.36   366.63   196.38   563.01   432.09   212.11    129.01
     24.5     4.45   379.20   196.38   575.58   444.66   217.14    129.20
     25.0     4.55   391.77   196.38   588.14   457.23   222.17    129.38
     25.5     4.64   404.34   196.38   600.71   469.79   227.19    129.55
     26.0     4.73   416.90   196.38   613.28   482.36   232.22    129.72
     26.5     4.82   429.47   196.38   625.85   494.93   237.25    129.88
     27.0     4.91   442.04   196.38   638.42   507.50   242.27    130.04
     27.5     5.00   454.61   196.38   650.98   520.07   247.30    130.19
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     28.0     5.09   467.18   196.38   663.55   532.63   252.33    130.33
     28.5     5.18   479.74   196.38   676.12   545.20   257.36    130.47
     29.0     5.27   492.31   196.38   688.69   557.77   262.38    130.61
     29.5     5.36   504.88   196.38   701.26   570.34   267.41    130.73
     30.0     5.45   517.45   196.38   713.82   582.91   272.44    130.86
     30.5     5.55   530.02   196.38   726.39   595.47   277.46    130.98
     31.0     5.64   542.58   196.38   738.96   608.04   282.49    131.10
     31.5     5.73   555.15   196.38   751.53   620.61   287.52    131.21
     32.0     5.82   567.72   196.38   764.09   633.18   292.55    131.32
     32.5     5.91   580.29   196.38   776.66   645.75   297.57    131.43
     33.0     6.00   592.86   196.38   789.23   658.31   302.60    131.53
     33.5     6.09   605.42   196.38   801.80   670.88   307.63    131.63
     34.0     6.18   617.99   196.38   814.37   683.45   312.66    131.73
     34.5     6.27   630.56   196.38   826.93   696.02   317.68    131.82
     35.0     6.36   643.13   196.38   839.50   708.59   322.71    131.91

        RESULT FROM TREND (AVERAGED) LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.1945E+00      0.4274E-04      0.5171E-02      0.1000E-04
       0.9726E+00      0.2137E-03      0.2586E-01      0.5000E-04
       0.1945E+01      0.4274E-03      0.5171E-01      0.1000E-03
       0.1000E+03      0.2171E-01      0.2586E+01      0.5000E-02
       0.1502E+03      0.3261E-01      0.3878E+01      0.7500E-02
       0.1976E+03      0.4341E-01      0.5171E+01      0.1000E-01
       0.4010E+03      0.9913E-01      0.1293E+02      0.2500E-01
       0.5446E+03      0.1560E+00      0.2586E+02      0.5000E-01
       0.6294E+03      0.2026E+00      0.3878E+02      0.7500E-01
       0.6644E+03      0.2376E+00      0.5171E+02      0.1000E+00
       0.7264E+03      0.4074E+00      0.9917E+02      0.2500E+00
       0.7194E+03      0.6623E+00      0.1429E+03      0.5000E+00
       0.7125E+03      0.7867E+00      0.1564E+03      0.6250E+00
       0.7260E+03      0.9162E+00      0.1699E+03      0.7500E+00
       0.7466E+03      0.1673E+01      0.1905E+03      0.1500E+01

        RESULT FROM UPPER-BOUND LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.3446E+00      0.6425E-04      0.7724E-02      0.1000E-04
       0.1723E+01      0.3213E-03      0.3862E-01      0.5000E-04
       0.3446E+01      0.6425E-03      0.7724E-01      0.1000E-03
       0.1797E+03      0.3304E-01      0.3862E+01      0.5000E-02
       0.2606E+03      0.4924E-01      0.5793E+01      0.7500E-02
       0.3272E+03      0.6441E-01      0.7724E+01      0.1000E-01
       0.5613E+03      0.1324E+00      0.1931E+02      0.2500E-01
       0.6647E+03      0.1842E+00      0.3862E+02      0.5000E-01
       0.7109E+03      0.2221E+00      0.5793E+02      0.7500E-01
       0.7423E+03      0.2563E+00      0.7724E+02      0.1000E+00
       0.8091E+03      0.4287E+00      0.1368E+03      0.2500E+00
       0.7966E+03      0.6811E+00      0.1722E+03      0.5000E+00
       0.7931E+03      0.8058E+00      0.1803E+03      0.6250E+00
       0.8013E+03      0.9335E+00      0.1885E+03      0.7500E+00
       0.8082E+03      0.1686E+01      0.1954E+03      0.1500E+01

        RESULT FROM LOWER-BOUND LINE

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.8970E-01      0.2622E-04      0.2618E-02      0.1000E-04
       0.4485E+00      0.1311E-03      0.1309E-01      0.5000E-04
       0.8970E+00      0.2622E-03      0.2618E-01      0.1000E-03
       0.4543E+02      0.1318E-01      0.1309E+01      0.5000E-02
       0.6829E+02      0.1979E-01      0.1964E+01      0.7500E-02
       0.9115E+02      0.2641E-01      0.2618E+01      0.1000E-01
       0.2201E+03      0.6537E-01      0.6546E+01      0.2500E-01
       0.3804E+03      0.1219E+00      0.1309E+02      0.5000E-01
       0.4868E+03      0.1702E+00      0.1964E+02      0.7500E-01
       0.5459E+03      0.2088E+00      0.2618E+02      0.1000E+00
       0.6441E+03      0.3862E+00      0.6153E+02      0.2500E+00
       0.6301E+03      0.6405E+00      0.1136E+03      0.5000E+00
       0.6319E+03      0.7676E+00      0.1324E+03      0.6250E+00
       0.6508E+03      0.8988E+00      0.1512E+03      0.7500E+00
       0.6841E+03      0.1660E+01      0.1846E+03      0.1500E+01
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2.2492.249
W

W

 0.00 lbs/ft2

 499.20 lbs/ft2

2.2492.249

Material
Name

Color Unit Weight
(lbs/ft3)

Strength Type Cohesion
(psf)

Phi
(deg)

Clay 120 Mohr-Coulomb 100 24

Concrete 150 Mohr-Coulomb 10000 40
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Analysis Description Global Stability of Detention Pond Retaining Wall
Company CH2MScale 1:100Drawn By VNV
File Name Slope Stability_Montopolis WRI.slimDate 10/29/2015, 2:49:32 PM

Project

Montopolis Water Reclamation Initiative

SLIDEINTERPRET 6.029



3.5593.5593.5593.559

Material Name Color
Unit Weight

(lbs/ft3)
Strength Type

Cohesion
(psf)

Phi
(deg)

Clay 120 Mohr-Coulomb 100 24

Concrete 150 Mohr-Coulomb 10000 40

Concrete

Clay

7.5ft

8.8ft

Safety Factor
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Project
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