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EXECUTIVE SUMMARY 
Subsurface foundation conditions at the site of the proposed 

Magnet Test Laboratory and Compressor Bui lding at the E1 Si te were 
explored by six borings drilled to depths varying from 17.9 to 29.5 ft 
below existing grade. Laboratory tests were performed on selected 
specimens to evaluate the engineering characteristics of the various 
soil and rock strata encountered in our borings. Our study was 
supplemented by field exploration and laboratory analyses performed 
previously by Mason-Johnston and Associates (MJA Report No. 5730.02, 
dated February 1, 1991). 

The soils/rock encountered at this site may be grouped into three 
generalized strata. Stratum I consists of firm to very stiff, highly 
plastic, brown to dark brown clays; Stratum II consists of soft to 
moderate ly hard, tan, fossil iferous, weathered 1 imestone; and Stratum 
III consists of moderately hard, gray and dark gray, unweathered 
limestone. Total potential vertical movements varying from 1/2 to 
1-3/4 in. were estimated for at-grade construction at this site due to 
the swelling chara.cteristics of the Stratum I clays. We recommend that 
the potentially active Stratum I clays be completely removed from 
beneath all soil-supported building slabs and pavements to reduce 
expansive soil-related movements to negligible values. 

The proposed structures may be supported on the preferred straight 
drilled shafts bearing at a minimum depth of 2 ft into the Stratum III 
unweathered 1 imestone. The drilled shafts may be designed using a 
maximum allowable end bearing capacity of 71,000 psf. In addition. the 
drilled shafts may be deSigned for allowable side shear resistances in 
compression and tension of 22,600 psf and 11,200 psf, respectively, for 
that portion of the shaft penetrating unweathered limestone. Temporary 
casings may be needed at the time of pier construction to control 
ground water seepage. 

As an alternative, consideration may be given to supporting 
columns located within the basement level of the MTL Building on 
isolated, sha 11 ow footings bearing in the intact Stratum I II 
unweathered limestone. Square spread or circular drilled footings 
bearing in intact, unweathered limestone may be designed using a 
maximum allowable bearing pressure of 47,300 psf. 

Raba-Kistner Consultants. Inc. 



Engineers, Geologists, Chemists, Water Planners, Hygienists and Environmental Scientists 

Raba-Kistner 
Consultants, Inc. 

Project No. ASA91-020-00 
July 26, 1991 

12821 W. Golden Lane 
P.O. Box 690287, San Antonio, TX 78269-0287 

(512) 699-9090 FAX (512) 699-6426 

Mr. Charles Daugherty 
The PS/MK Team 
Redbird Business Center, Building 5 
5610 Redbird Center Drive, Suite 400 
Dallas, Texas 75237 

Soil and Foundation Study 
Magnet Test Laboratory and Compressor Building 

Surface Structures - E1 Site 
Superconducting Super Collider Project 

Ellis County, Texas 

Dear Mr. Daugherty: 

Submitted here is a final report of our study of soil and foundation 
conditions at the proposed ·Magnet Test Laboratory and Compressor 
Sui lding to be constructed on the west campus of the Superconducting 
Super Collider Project located in Ellis County, Texas. 

Presented in this report are our conclusions and recommendations 
pertaining to the type and depth of foundations and associated 
allowable bearing· pressures for the structures contemplated. : Verbal 
progress reports and draft copies of field and laboratory data, as well 
as a preliminary draft copy of this report, have been provided to The 
PB/MK Team during the conduct of this analysis. 

This engineering report has been prepared for the use of The PB/MK Team 
and their design representatives for des·ign purposes in accordance with 
generally accepted Geotechnical Engineering practices. This report may 
not contain sufficient information for purposes of other parties or 
other uses. This study was authorized by Abraham Dennis, Subcontract 
Administrator, under Subcontract No. SC-A43-1013, dated February 4, 
1991. Notice to proceed on services under this subcontract was 
authorized on February 25, 1991. 

We appreciate the opportunity to assi st in the development of this 
project. Please call should you have questions concerni'ng the 
recommendations presented herein or other aspects of the project. 

Very truly yours, 

RASA-KISTNER CONSULTANTS, INC. 

Chris L. Schultz 
Staff Engineer 
Geotechnical Engineering 

CLS/cad 
Copies submitted: Above (4) 

A. Scot Harrell, 
Project Manager 

San Antonio / EI Paso / Austin 
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I NTRODUCTI ON 

1. 

Raba-Kistner Consultants. Inc •• has completed the authorized 
subsurface exploration and foundation analysis for the proposed Magnet 
Test Laboratory (MTL) and Compressor Building of the West Campus of the 
Superconducting Super Collider Project in Ellis County. Texas. This 
report briefly describes the procedures utilized during this study and 
presents the findings, along with our evaluation of the data and 
recommendations for site preparation and foundation design. This work 
was conducted under PB/MK Subcontract No. SC-A43-1013, dated February 
4, 1991. 

SCOPE OF OUR SERVICES 
The broad objectives of this study were: 

o To evaluate the engineering characteristics of the soil/rock 
stratigraphy present at the site by an adequate number of 
borings and laboratory tests. 

o To utilize the data together with previous information 
gathered at the site by others to formul ate recommendations 
for the design of foundations to support the proposed 
structures and provide construction guidelines. . 

LIMITATIONS 
The analyses and reconmendations submitted in this report are 

based on the data obtained from six borings drilled' at this site. and a 
review of the fi ndings of others (Mason-Johnston & Associ ates Report 
No. 5730.02, dated February 1. 1991). This report may not reflect the 
exact variations of subsurface conditions across this site. The 
nature and extent of variations across the site may not become evident 
until construction conmences. If variations then appear evident, it 
may be necessary to reevaluate our reconmendati ons after performi ng 
on-site observations and tests to establish the engineering 
Significance of the variations. 

Raba-Kistner Consultants. Inc. 
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Borings 

2. 

SUBSURFACE EXPLORATION 

Subsurface conditions at the site were exp'lored by six borings 
drilled at the locations shown on the Plan of Borings, Plate 1. in the 
Illustrations section of this report. The boring locations were 
selected and surveyed in the field by representatives of PB/MK prior to 
the start of our field activities. Grid coordinates and surface 
elevations for, the boring locations were provided by PB/MK, and are 
shown on the individual boring logs. The borings were drilled to 
depths varying from 17.9 to 29.5 ft below existing grade. The 
subsurface exploration was conducted in substantial accordance with 
established accepted Geotechnical Engineering procedures. 
Sampling 

The following samples were collected as a part of our subsurface 

exploration procedure: 

Type of Sample 

Split-Spoon . 

Undisturbed Shelby Tube 

NX Core, feet 

ASTM Procedure 

o 1587 

o 2113 

Number Collected 

5 

8 

131 

Representative portions of all soil samples, as well as all rock core 
recovered, were sealed to reduce moisture loss,. placed in protective 
containers or core boxes, and transported to our laboratory for 
testing. 

Standard penetration tests results are noted as lib lows per ft" on 
the boring logs. Where hard or dense materials were encountered, the 
tests were terminated at 50 blows even if one foot of penetration had 
not been achieved. These data are conservatively reported as 50 blows 
per ft in this report. 

Samples will be retained in our laboratory until retrieved by The 
PB/MK Team. 

Raba-Klstner Consultants, Inc. 
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Field Logs 

3. 

A field log was prepared for each boring by a staff geologist. 
Each log contai ns information concerning the bori ng method. sampl es 
attempted and recovered. indications of the presence of various 
materials such as silt, clay, gravel. sand or rock and observations of 
ground water. It also contains an interpretation of soil/rock 
conditions between samples. Therefore. these logs contain both factual 
and interpretive information. 
Presentation of the Data 

The final logs represent our interpretation of the contents of the 
field logs for the purpose del ineated by our c1 ient. The final logs 
are included in the Illustrations section of the Engineering Report. 
Plates 2 through 7. A key to classification terms and symbols used on 

the logs appears on Plate 8. 

LABORATORY TESTING 

Classification 
In the laboratory. each sample was examined and classified by a 

geotechnical engineer. As a part of this classification procedure. the 
natural water contents and unit dry weights of selected specimens were 
determined. Liquid and plastic limit tests were perfortJled on 
representative specimens to determine the plasticity characteristics of 
the surficial soil stratum. These tests were also helpful in the 
evaluation of the swell potential of the surficial soils. 
Strength Tests 

Estimates of the shear strengths of the cohesive soi 1 specimens 
were obtained with a calibrated hand penetrometer. The shear 
strengths of selected intact rock core specimens were determined from 
unconfined compression tests. 
Presentation of the Data 

In sunmary. the following tests were conducted in the laboratory 
to evaluate the engineering characteristics of the soils/rock: 

Raba-Klstner Consultams. Inc. 



Project No. ASA91-020-00 
July 26, 1991 

Type of Test 

Natural Moisture Content 

Atterberg Limits 

Unit Dry Wei ght 

Unconfined Compression 

ASTM Procedure 

D 2216 

D 2217. D 4318 

D 2166 

D 2938 

4. 

Number Conducted 

8 

2 

8 

8 

The results of these tests are presented in graphical or numerical 
form on the appropriate boring log and Plates 9 through 16. For ease 
of reference, the results have been tabulated on Plate 17. 

GENERAL SITE CONDITIONS 
Topography 

The project site consists of an open. native grass-covered tract 
of land most recently used for agricultural and livestock grazing 
purposes. The topography in the site vicinity is described as rolling, 
with the ground surface at the West Campus site sloping gently downward 
in an east-southeasterly direction. Existi ng site drai nage is 
considered to be fair to poor. Recent rains had substantia"ly softened 
the ground surface prior to our mobilization to the site. 
SUe Geology 

The Austin Chalk is composed of alternating hard and soft layers 
of white to grayish white. chalky. marly. pyritic and fossiliferous 
limestone containing some clayey seams. Unweathered Austin Chalk is 
generally gray or white to grayish-white. and ultimately weathers to 
produce a thin veneer of dark to light brown, clayey soils containing 
calcareous deposits and platy limestone fragments. The upper portion 
of the Austin Chalk consists of tan, slightly vugular. moderately 
weathered limestone containing thin beds of glauconitic. fossiliferous 
limestone. 

Fracturing is cOll11lon within the limestone portions of the Austin 
Chalk. These fractures may be open. with some dissolution. or closed, 
and may contain clays and secondary calcite deposits. 

~inor faulting may also be found within the Austin Chalk. The 
faulting is inactive and displacements are generally less than 10 ft. 

Raba-Kistner Consultants. Inc. 



Project No. ASA91-020-00 
July 26. 1991 

Strat '!graphy 

5. 

The soils/rock encountered at this site may be grouped into three 

generalized strata with similar physical and engineering properties, as 

described below. 

Stratum I consists of brown to dark brown clays and extends to 

depths varying from 0.5 to 3 ft below existing grades. These clays 

generally grade to tan, calcareous clays at the bottom of the stratum. 

These clays are indicated to be highly plastic, with meas.ured 

plasticity indices varying from 44 to 50 percent. Designated as CH 

soils under the Unified Soil Classification System (USCS), clays of 

this plasticity are generally recognized to possess high shrink/swell 

potential. The results of the hand penetrometer tests conducted on 

undisturbed specimens indicate clay consistencies varying from firm to 

very stiff. 

Stratum II consi sts of tan, weathered 1 imestone of the Austin 

Chalk Formation and extends to depths varying from 5.9 to 19.3 ft below 

exi sting grades. Vugu1 ar zones and intermittent close parti ngs and 

fractures are common within this stratum. Recovery ratios and rock 

quality designations (RQD) measured for core runs performed in this 

stratum substantiate the weathered, vugu1ar nature of the limestone, 

with RQD va lues varyi ng from 0 to 80 percent. The low RQD va lues 

measured in this stratum were generally associated with the upper 

reaches of the formation, and are believed to be the result of the 

numerous close partings and argi llaceous seams present in the upper 

reaches of the 1 imestone. Unconfi ned compress ive strengths measured 

for specimens of the weathered 1 imestone vary from 67 to 116 tsf, 

indicating soft to moderately hard induration. 

Stratum III consists of gray to light gray, unweathered limestone 

of the Austin Chalk Formation and extends to at least the 17.9 to 29.5 

ft termination depths of the borings. Intermittent close partings and 

clayey/shaley seams are common in this stratum within the depths 

explored. Recovery ratios were generally excellent for core runs 

performed'in this stratum, while RQD values were variable,. ranging 

between 19 and 100 percent. The low RQD value measured in MTL-2 is 

believed to. be the result of the very argillaceous nature of the 

RaOO-Kistner Consultants. Inc. 
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limestone penetrated in this boring, which resulted in core blockage at 
intermittent times during the coring operations. Unconfined 
compressive strengths measured for specimens of the unweathered 
limestone vary from 92 tsf to in excess of 150 tsf. 
Ground Water 

Ground water seepage was noted in some of the bori ngs at the 
interface of the Stratum I clays and the Stratum II weathered 
limestone. Ground water seepage is also believed to exist within the 
upper reaches of the Stratum II weathered 1 imestone underlyi ng th is 
site. Ground water observations were not possible upon commencement of 
the rock coring operations, since drilling water was used to advance 
the borings through the limestone strata. However, upon completion of 
the coring operations, attempts were made to bail the drilling fluids 
from the boreholes for subsequent water level readings. In all 
instances, water infiltration into the borehole exceeded our ability to 

bail the hole of much water. 
Shallow ground water seepage at this site is believed to be 

transient in nature, occurring most commonly during and after periods 
of heavy precipitation. Drainage provisions will be required in the 
final designs for the Magnet Test Laboratory and Compressor Building to 
control shallow ground water seepage beneath the building foundations, 
particularly in the areas of the proposed basement, sublevel pits and 

trenches. 
ENGINEERING DESIGN ANALYSES 

Structural Information 
Based on information provided on the furnished drawings (Title 1, 

dated March 8, 1991) and conversations with design team members, 
present plans call for a magnet test laboratory with an accompanying 
service area and compressor building. Project plans call for the 
structural steel frame buildings to be supported on straight dri lled 
shafts, and the concrete floor slabs to be supported at-grade or on 
structural fi 11. 

Preliminary plans for the MTL building call for light to moderate 
loads to be carried by the foundation systems, with anticipated column 
loads ranging between 100 and 240 kips in the laboratory complex, and 

Raba-Kistnet Consultants. Inc. 
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up to 85 kips in the service area. Contact pressures of up to 500 psf 
are expected beneath the floor slabs. Proposed finished floor 

elevation for the laboratory and service area is currently 763 ft. The 
MTL building will have a centrally located basement level extending 12 
ft below finished floor. with a 10 ft deep sump pit located in the 
southwest corner of the basement. In addition. a 16 ft deep basement 
level is planned for the southwest corner of the laboratory building. 

A 25 ft deep basement is also planned for the MTL Service Building. 
Preliminary plans for the Compressor Building call for relatively 

1 ight loads to be carried by the foundation system. with anticipated 

column loads of up to 105 kips. Proposed finished floor elevation for 
the Compressor Building is currently 759.5 ft. 

Based on the existing topography. a majority of the building 
footprint for both the lab and compressor buildings will require cuts 
of up to approximately 3-1/2 ft in order to achieve finished grades for 
these facilities. Substantially greater cuts (varying from 12 to 25 ft 
in depth) will be required for the isolated pit and basement levels of 

the laboratory and service buildings. 
Design Considerations 

Review of the borings and test data indicates that the following 
factors will affect foundation design and construction at this site: 

1) The site is generally characterized by a gently sloping 
topography. a subsurface stratigraphy consisting of surficial 
clays overl,}'i ng weathered/unweathered 1 imestone. and shallow. 
transient ground water seepage. 

2) The surficial clays are highly plastic. and are generally 
recognized to possess high shrink/swell potential under 
fluctuating moisture conditions. Fortunately. the shallow 
nature of these soils render their complete removal a viable 
option for mitigation of expansive soil-related problems 
beneath the buildings. 

3) The limestone underlying the site is generally weathered 
within the upper reaches of the formation. grading to 
unweathered at relatively shallow depths. The unweathered 
limestone will provide excellent support for the proposed 
improvements. 

Raba-Kistner Consultants. Inc. 
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8. 

4) Proposed finished grades and foundation schemes will require 
excavation/penetration of appreciable amounts of the 
limestone underlying this site. Suitable rock excavation 
equipment will be required to expeditiously perform site 
grading and foundation construction at this site. 

5) Shallow ground water seepage is anticipated on a transient 
basis at this site. Provisions will be required to handle 
both short term drainage problems (such as seepage 
encountered during foundation construction/excavation) and 
long term dewatering beneath the buildings. 

Vertical Movements 
Expansive soi l-related 

slab-on-grade construction 
Department of Highways and 
Tex-124-E) for predicting 

ground movements were estimated for 
at this site using the Texas State 
Pub 1 i c Transportat ion procedure (TSDHPT. 
Potential Vertical Rise (PVR). Total 

vertical movements varying from 1/2 to 1-3/4 in. were estimated for 
existing grades at this site. A minimum 1.0 psi surcharge load was 
assumed to act on the act1ve subgrade clays, and theoretically dry soil 
moisture conditions were expected to govern. 

Based on proposed finished floor elevations, a significant 
percentage of the potentially active Stratum I clays will be removed as 
a re~ult of site clearing and grading operations. Due to the 
movement-sensitive nature of a number of the facilities, we recommend 
that the active surficial clays be completely removed from beneath all 
buildings and the excavations backfilled to finished grade using 
compacted, select structural fill. 
Foundation Selection 

As mentioned previously, strai ght drilled shaft foundations are 
preferred to support the proposed facilities. Plans have been 
developed using the recommendations and design criteria presented in 
the previously referenced Mason-Johnston & Associates report. We have 
reviewed the report and plans in light of our findings, and provide the 
following confirmatory foundation recommendations and design criteria. 
As requested, we have also provided design criteria for alternative 
shallow conventional footings for column supports in pits and basement 
levels extending into the Stratum III unweathered limestone. 

Raba-Klstner Consultants. Inc. 
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9. 

FOUNDATION RECOMMENDATIONS 

Straight Drilled Shafts 

The proposed structures may be supported on straight drilled 

shafts founded a minimum of 2 ft into the Stratum III unweathered 

1 imestone. Based on the exi st ing strat igraphy and proposed fi ni shed 

grades, mi ni mum dri lled shaft lengths are expected to vary between 7 

and 19 ft. 

Bearing Capacity Straight drilled shafts bearing in the Stratum 

III unweathered limestone may be designed for a maximum allowable end 

bearing capacity of 71,000 psf. In addition, the drilled shafts may be 

designed using an allowable side shear resistance in compression of 

22,600 psf and an allowable side shear resistance in tension of 11,200 

psf for that portion of the shaft penetrating unweathered limestone. 

These allowable end bearing and side shear capacities were evaluated 

us i ng a factor of safety in excess of 3 with respect to the desi gn 

shear strength. 

A review of the furnished structural plans reveals that the 

i ndividua 1 dri lled shaft foundations are adequately spaced to negate 

consideration of bearing capacity reductions resulting from overlapping 

stresses. However, once drainage plans are more complete, 

consideration should be given to evaluating the effects (if any) of 

drilled shafts located in close proximity to excavated and backfilled 

drainage trenches. 

Settlements Straight drilled shafts bearing at the minimum 

specified depth in the Stratum III unweathered limestone are expected 

to experience settlements of less than 1/2 in. 

La tera 1 Capac ity The possibility exists that isolated drilled 

shafts for the MTL and Compressor Building will be subjected to lateral 

loads resulting from wind and earth backfill forces acting on the 

structures. A modulus of subgrade reaction of up to 350 kips per sq ft 

per ft of pier diameter may be used for designing piers subjected to 

lateral loading at the top of the pier. The above subgrade modulus is 

applicable for that portion of the shaft embedded within the Stratum II 

or Stratum III limestone. 'Pier embedment above the limestone formation 

should either be neglected in calculations regarding lateral loading of 

Raba-Klstnel' Consultants. Inc. 
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the drilled shafts, or assigned a low subgrade modulus value indicative 
of the structural backfill materials placed at the site. The above 
subgrade modulus may be used in soil/structure interaction analyses to 
predict shaft deflections and bending moments. The shafts should be 
dimensioned to limit deflections to tolerable values and reinforced to 
prevent failure of the shaft materials. 
Shallow Footings 

Based on the findings of subsurface exploration and proposed 
finished floor elevations, the basement level of the MTL Building is 
expected to extend into the Stratum II I unweathered 1 imestone. As 
such. consideration may be given to supporting the basement columns on 
isolated. shallow footings bearing in the undisturbed. unweathered 

limestone. 
The footings may either be conventional. square spread footings or 

circular drilled footings. The footings should be a minimum of 36 in. 
in width or diameter, and bear at a minimum depth of 12 in. below 
finished grade in intact Stratum III unweathered limestone. The 
footings may be proportioned using a maximum allowable bearing capacity 
47,300 psf. This bearing capacity was evaluated using a factor of 
safety in excess of 3 with respect the desi gn shear strength of the 
foundation materials. Settlements of less than 1/2 in. are 
anticipated for this foundation scheme. 
Floor Slabs 

Floor slabs for the Magnet Test Laboratory and Compressor Building 
may be soil-supported. As mentioned previously. we recommend that the 
Stratum I clays be completely removed from beneath the bui lding floor 
slabs, and the resulting excavations ba.ckfi1led to finished grade using 
compacted. select structural fill. We further recommend that the 
exposed limestone subgrade be overexcavated. where necessary. to allow 
placement of a minimum 4 in. thick sand or gravel cushion beneath the 
concrete slabs. thereby providing a level working surface and reducing 
the possibility of stress concentrations in slabs spanning both rock 
and compacted structural fill materials. A suitable vapor barrier 
(such as polyvinyl chloride sheeting) should be placed between the 
concrete slab and the underlying sand/gravel cushion. 

Raba-Kistoet' Consultants. Inc. 
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EXCAVATION RECOMMENDATIONS 

11. 

Considerations 

Equipment/Techniques 

to 3-1/2 ft in depth are 

In general, excavations in the order of 1 

anticipated for final site grading for the 

Magnet Test Laboratory and Compressor Bui 1 di ngs. Except ions include 

the basement levels of the laboratory complex and service bui ld1ng, 

where excavations of up to 25 ft are anticipated. Due to the 

relatively shallow nature of the residual soils, excavations of this 

magnitude wi 11 require removal of substantial quantities of both the 

weathered and unweathered limestone underlying this site. 

Past experience with materials such as these indicate that ripping 

is possible within the weathered rock region, although high power 

excavation equipment is required and excavation is typically slow and 

costly. It is recommended that contractors interested in bidding on 

the earthwork for this site excavate test pits to evaluate the 

excavatability of the materials. 

Ground Water Ground water seepage was observed at relatively' 

shallow depths (within 5 ft of existing grade) during the field 

exploration phase of our study. Shallow seepage should be anticipated 

during foundation 

particularly during 

excavation and 

and immedi ately 

construction at this 

followi ng peri ods of 

site, 

heavy 

precipitation. Provisions should made to control ground water seepage 

entering excavations. Consideration should be given to installing 

temporary trench drain networks at the building perimeters prior to the 

start of excavati on operati ons for the structural basements. Small 

quantities of seepage not intercepted by the perimeter trench drains 

may be controlled by conventional sump and pump methods of dewatering 

in the excavations. Penn anent dewatering provisions may be addressed 

at the time of construction. 

Provisions should also be made to prevent surface runoff from 

entering the open excavations. Temporary earthen berms should be 

installed or swales cut on the uphill side of the excavations to divert 

surface runoff away from the open holes. 

Sidewall Stability Decisions concerning safe slopes for the pit 

and basement excavation sidewalls will depend on the integrity of the 

RaOO-Kistner Consultants. Inc 
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limestone exposed within the excavations. the length of time the 
excavat ions are open. and ground water seepage entering the 
excavations. Near-vertical walls may be possible if the exposed 
1 imestone is free of extremely weathered zones and weakened fractured 
or fault planes. seepage is minimal. and the excavations will be open 
for only a short period of time. Flatter or benched sideslopes will be 
necessary in areas of extreme weathering and/or weakened planes. and 
significant seepage. Decisions concerning safe sideslopes for the 
excavations are best made on the basis of observations of the 
Geotechnical Engineer both during and after completion of the 
excavat ion. OSHA Guidel ines and app 1 i cable Build ing Codes should be 
followed with respect to constructi on techniques and timi ng. and with 
consideration for the engineering characteristics of the soils/rock 
encountered at this site. 

SUBLEVEL WAll DESIGN RECOMMENDATIONS 
The walls of the pits and basement level situated with the Magnet 

Test Laboratory Building will act as retaining structures in addition 
to transferring vertical loads. Equivalent fluid densities for 
computation of lateral soil pressures acting on the pit walls were 
evaluated for various backfill materials. 
associated equivalent fluid densities 

The materials and their 
are tabulated below in 

preferential order for use as backfill materials. 
Backfill Material Equivalent Fluid Density. PCF 

Free Draining Granular Soils 
(Clean Sands or Gravels) 45 

Pit Run Granular Soils 
(ll of 35 or less; 
PI between 6 and 12) 55 

Inert Structural Fill 
(Crushed Stone) 60 

Neither the effects of surcharge loads. such as construction 
equipment, vehicular loads and future storage near the walls. nor 
ground water seepage pressures have been considered in the estimated 
equivalent fluid densities tabulated above. However. these surcharge 
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loads and ground water pressures should be considered in designing any 

walls subjected to lateral earth pressures. 

Backfill Placement It has been our experience that large 

thicknesses of clean. uniformly graded. gravel backfill materials may 

experience significant surface settlements after construction. Such 

settlements can be damaging to any flatwork constructed over the fill 

materials. since the settlements are differential between locations 

supported on the fill and others which may be either connected to the 

pier-supported building or supported on natural, undisturbed rock. 

Based on our past observations, differential settlements on the order 

of 1/2 to 2 in. may be experienced for the backfi 11 thicknesses 

anticipated for the basement level of the MTL and the deep pit of the 

Service Building. 

Options available for reducing potential post-construction 

differential settlements for granular backfill areas overlain by 

flatwork are outl ined below. The options 1 isted below may be used 

either singly or together to reduce potential backfill settlements. 

(1) Add sufficient water during gravel placement and compaction 
to lubricate the interparticle contacts in the gravel and 
promote densification. The perimeter drainage system should 
be installed and operating prior to the start of gr'avel 
placement and wetting. 

(2) Use sufficient vibratory compaction to achieve significantly 
increased densification. We recommend that a hand-guided 
vibratory roller or vibratory plate compactor having a 
maximum weight no greater than 3000 lbs and a frequency no 
greater than 2500 rpm (50 hertz) be used over each 1 ift of 
gravel backfill in a series of 3 (minimum) and 4 (maximum) 
passes over the entire backfill area. Lift thicknesses shall 
not exceed 12 in. for vibratory plates and 18 in. for 
vibratory rollers. No compaction equipment should extend 
closer than 18 in. to the basement walls during compaction. 
In our opinion, the materials located within 18 in. of the 
wall will receive adequate compaction under this requirement. 

(3) Use a well-graded, granular soil for wall backfill. 

(4) Replace the upper 3 ft of granular backfill materials 
supporting flatworkwith lean concrete or "K-crete", to help 
bridge over local ized differenti al movements and di stri bute 
such movements more evenly. A plastic barrier or 6 in. thick 

Raba-Kistou Consultants. Inc. 
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clayey soil barrier should be installed over the granular 
fill in areas where IIK-crete ll is to be placed. 

Drainage 
wall designs 

Provisions should be included in the pit and basement 
to drain potential seepage that may infiltrate the 

backfill and result in hydrostatic pressures acting on the walls. 
Perimeter drain systems for sublevel walls typically consist of 

perforated plastic pipes placed in filter trenches excavated parallel 
to the base of the walls for their entire length. For backfills 
consisting of inert structural fill (crushed stone) or low permeability 
soils. the trenches should be backfilled to finished grade with free 
draining coarse sand or gravel~ If gravel is used, the gravel should 
be surrounded by a nonwoven geotextile filter fabric (such as Mirafi 
140N, manufactured by the Celanese Corporation, or equivalent) to 
protect the gravel from clogging by intrusion of fine silt and clay 
particles. A geosynthetic drainage composite (such a Miradrain or 
equivalent) may be substituted for the sand or gravel drainage medium 
extending up the back of the wall. For backfill soils of low 
permeability. an inclined granular drainage blanket placed between the 
excavated face and the backfill may also be used in conjunction with 
the wall drainage system to facilitate drainage of the backfill. 

Drainage pipes located at the base of the walls should be sloped 
to provide gravity flow to a centralized sump pit. Cleanouts should be 
provided at the ends of the drain pipes and at sharp bends so that they 
may be cleaned periodically. 

Provisions should also be included in the overall drainage design 
for the collection and disposal of ground water seepage which may 
infiltrate structural fill materials placed beneath the floor slabs. 
Subfloor drainage may be accomplished using the reconmended perimeter 
trench drainage system, or by sloping the top of the exposed subgrade. 
from a highpoint or series of ridges located along interior pier/column 
rows, downward to a series of swales running parallel and midway 
between the interior pier/column rows. The swales. in turn, should be 
sloped to the base of a collector trench or a central sump pit equipped 
with an intermittent-duty pump. 

Raba-Kistner Consultants. Inc. 
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Waterproofing Consideration should also be given to proper 
waterproofing of the pit and basement walls. Waterproofing of the 
subsurface walls for capillary moisture is often accomplished by 

painting the wall exteriors with a bituminous material. For greater 

seepage quantities. such as those anticipated for this site. membrane 
waterproofing is required. 

CONSTRUCTION GUIDELINES 
Site Drainage 

Drainage is an important key to the successful performance of any 
foundation scheme. Good surface drainage should be established prior 
to and maintained after construction to prevent water from· ponding 
within or adjacent to the building areas. Gutters with downspouts 

which collect storm waters from the roof and direct them a minimum of 5 
ft away from the building foundations are recommended. 
Site Preparation 

Natural subgrades to support structural fill or pavements should 
be stripped of all Stratum I clays and organic topsoil. 
Select Structural Fill 

Materials used as select structural fill preferably should be a 
crushed stone or gravel aggregate. It is reconmended that materials 

specified for use as select structural fill meet the Texas State 
Department of Highways and Pub1 ic Transportation 1982 Standard 
Specification for Construction of Highways, Streets and Bridges, Item 
248. Type A, Grade 1 (crushed stone). Alternative structural fill 
materials should not be considered as a substitution for the 
recommended granular fill at this site without written approval of the 
Geotechnical Engineer. 

Select structural fill should be placed in loose lifts not 
exceeding 8 in. in thickness and compacted to at least 95 percent of 
maximum density as determined by ASTM 0-698 (Standard) Compaction 
Test. The water content of the fill should be maintained within 3 

percent (above or below) of the optimum water content until final 
compaction. 

Raba-Kistner Consultants. Inc. 
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Prior to placement of reinforcing steel and concrete, foundation 
excavations for isolated shallow footings in the basement level of the 
MTL Building should be examined by the Geotechnical Engineer or his 
representative. The purpose of this examination is to see that the 
footing dimensions are as specified by the project plans, that the 
bearing materials at the bottom of the excavations are similar to those 
encountered in our borings, and that loose material and water are NOT 
present in the excavations. 

If soft materi al s are encountered in the foundati on excavations, 
they should be removed as directed by the Geotechnical Engineer and 
replaced with either compacted non-expansive fill material or lean 

concrete up to the specified foundation bearing elevation. 
Reinforcing steel should be checked for size and proper placement 

prior to concrete placement. 
Util iti es 

If utility trenches extend to or below a depth of 5 ft below 
construction grade, the contractor or others may be required to develop 
a trench safety plan to protect personnel entering the trench or trench 
vicinity. Such designs and safety plans, which r:ou1d include designs 
for sloping and benching or various types of temporary shoring, should 
be developed in accordance with current OSHA guidel ines and other 
applicable industry standards. 
Dri 11 ed Shafts 

Field Observations Each drilled shaft excavation must be 
examined by a qualified individual who is familiar with the 
geotechnical aspects of the stratigraphy, structural configuration. 
foundation design details and assumptions prior to placing concrete. 
This is to observe that: 

o The shaft has been drilled to the specified dimensions at the 
correct depth established by the previously mentioned 
criter; a; 

o The pier shaft has been drilled plumb within specified 
tolerances along its total length; and 
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o Excessi ve cutti ngs, buildup and soft, compress ible materi a 1 
have been removed from the bottom of the excavation. 

Placement of concrete should be accomplished within 8 hours of 

completion of shaft excavation operations to reduce changes in the 

moisture content or the state of stress of the foundation bearing 

materials. No shafts should be concreted without the approval of the 

Engineer. No completed shaft excavation should be left open overnight 

without concreting. 

Casing Ground water seepage was observed in the boreholes at 

depths varying from 1 to 5 ft below existing grades at the time of our 

subsurface exploration. Ground-water seepage may be encountered at the 

time of pier construction, especially after periods of heavy rainfall. 

We recommend that the bid documents require the foundation contractor 

to specify unit costs for dHferent lengths of casing which may be 

required. 

Raba-Kistner Consultants. Inc. 
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DRILLING 

LOG OF BORING NO. MTL-1 
E 1 SITE - sse PROJECT 
WAXAHACHIE, TEXAS Raba-Kistner 

Consultants, Inc. 
METHOD: Mud Rotary /NX Core LOCATION: N6818919/ E2448400 

l-
lL ® UNCONF. COMPRESSION, tse 

l-
lL 

i 
l-
lL 
W o 

DESCRIPTION OF MATERIAL 

SURFACE ELEVATION: 766.50' 

0: 
W 
IL 
(I) 
3 

9 
OJ 

~ CLAY, Firm to Stiff, Dark Brown, ~;. 
~ Moist ".1 
~ - with roots, calcareous nodules, I---oH'----tt1.a!:J~-+___j.--+-+-~_+-_t_~ 
~ and limestone fragments 

2.9' J 
5 ~ i- water at 2.3' 

LTMEsrON_E, Weathered, Soft to 
tl::t:::,T=:---::r::, Iti Medium Hard, Tan 

,1\ - vugular from 3.1' to 4' 
v I -close partings from 5.5' to 5.7' 

and from 7.7' to 8' 
- inclined fracture at 5.6' 
- close partings from 8.1' to 10' 

.. and from 10.8' to 12' 
, .... ~ - inclined fracture at 11.6',11.9', 

12.1', IS', and 15.9' 
~ clayey from 12.3' to 12.6' 

;.,...L-.....-Ylti 18.7' 
~ ~--------------~~~--~~--~r+--r--r--r-~~--~ 

'" ~ LIMESTONE, Unweathered, 
~ Medium Hard, Gray, Slightly 
~ Fossiliferous 
~ - clayey with close partings from 
~ 19.5' to 21.1' 

.~. ~ - dark gray from 21.4' to 22.3' 
.J ~ _ clayey at 22.8', from 23.6' to 24', 

114 

~ and from 26.6' to 28.1' p' I- - - - - - - - - - - - """ - - -I- - - - - I-- - - - - - I-- - -

30-
START: 12:00 PM 
END: 1:30 PM 

35-

40- Blows per 6 in.: 
• = 50/4.5" 

45- Core 
Core Depth 
Run # (ft) 

SO- l 3.1-8.1 
2 8.1-18.1 
3 18.1-28.1 

DEPTH DRILLED: 28.1' 
DATE DRILLED: 3-7-91 

% Rec %RQD 

100 80 
100 63 
100 72 

I DEPTH TO WATER: 
DATE MEASURED: 

jPROJ. No. ASA91-020-00 
PLATE 2 



LO.G o'F Bo'RING NO.. MTL-2 
E 1 SITE - SSC PROJECT 
WAXAHACHIE, TEXAS 

~~ 
Ra ba - Kistner 

DRILLING 
METHo'D: Mud Rotary /NX Core Barrel 

i 
l-n. w 
Q 

5~ 
~ 

10~ 

I 

DESCRIPTIO.N o'F MATERIAL 

SURFACE ELEVATION: 763.40' 

CLA Y, Firm to Stiff, Dark Brown, 
Moist 

- with calcareous nodules, roots, 
and a trace of limestone 
fragments 

- water at 2.5' 
2.5' 

LIMESTONE, Weathered, Soft to 
Medium Hard, Tan, Fossiliferous 

- multiple close partings down to 
7.5' 

- clayey with multiple partings, . 
soft at 12' 

- inclined fracture at 13.6' 

l-
lL 
0: 
W n. 
(I) 
:J o 
.J 
ID 

Consultants, Inc. 
LO.CATIO.N: N6818992 / E2448325 
® UNCO.NF. CO.MPRESSIO.N, tsf '" ~u 

0: a.. 10 20 30 40 60 60 70 lSI 
Q .. 1--~ __ ~=-...1..-,,,,,,,,,,,,,,,,~........L. __ ....I....:-~.L.---I lSI 

I-!r PLASTIC WATER LIQUID ':I 
~ S LIMIT Co'NTENT LIMIT x 
~w +------~------+ 

:J a. 10 20 30 40 60 60 70 
..., .L.p 
91.~ 

1l6(~ 
120~~~·~~--~--~-+--4-~ 

15 

~ iii ~~~==~~ ___ ~_1~9_.3_'~J~~--~~~--~~--+--+--~~~ 
I LIMESTONE, Unweathered, 

Medium Hard, Gray, Slightly 

116 106C~ 
Fossiliferous 

~ - clayey, soft from 20.2' to 20.5', 
25:;::C:;:X from 22.4' to 23.5', and from 26' 

,

to 26.9' 
- clayey from 24.3' to 25.2' 

---------30- - - - - - - '- I- - - - - ---1---

35- START: 2:00 PM 
END: 4:50 PM 

40-

45- Core 
Core Depth 
Run # (ft) % Rec %RQD 

SO- I 2.5-7.5 86 30 
2 7.5-14.7 82 51 
3 15.1-23.5 90 83 
4 23.5-29.5 70 19 

DEPTH DRILLED: 29.5' IDEPTH TO. WATER: IPRO.J. No. ASA91-020-00 
DATE DRILLED: 3-7-91 DATE MEASURED: PLATE 3 



DRILLING 

LOG OF BORING NO. MTL-3 
El SITE - SSC PROJECT 
WAXAHACHIE, TEXAS 

~~ 
Raba-Kistner 

Consultants, Inc. 
METHOD: Mud Rotary /NX Core Barrel LOCATION: N6818857 / E2448200 

.... 
u. 

i .... 
~ 

20-

25-

30-

35-

40-

45-

SO-

DESCRIPTION OF MATERIAL 

SURFACE ELEVATION: 764.30' 

CLAY, Firm to Stiff, Dark 
Brown, Moist 

- with calcareous nodules, roots, 
and gravel 

r- grading downward into tan clay 
1.5' 

crr\lfE~n'ONE, Weathered, Sli2htlv 
Fossiliferous and Glauconitic 

1- medium hard below 2.5' 
1- some scattered close partings 

from 2.8' to 3' 
5.9' 

UME~TO~_E, Unweathered, 
MedIum Hard, Gray 

- soft clay seam from 5.8' to 6.2' 
- fossiliferous below 8.2' 
- dark gray, shaley from 9.5' to 

10.2' and from 12.5' to 13.5' 
1- clayey layer from 14.3' to 14.5' I 
l and fro~ 15' ~ 15.~ ___ -I 

START: 2:00 PM 
END: 3:30 PM 

Blows per 6 in.: 
... - 4/5/45/5" 

Core 
Core Depth 
Run # (ft) % Rec 

l 2.9-7.9 90 
2 7.9-17.9 100 

%RQD 

80 
97 

.... 
U. 

1% 
W 
~ 

'- 10 UNCOllJii -COMPRF.SSION, ts( 
>-0 
~a.. 102030.06060 70 GI 

'~~~==~~~==~~~~~-4G1 .... !i: PLASTIC WATER ~Igl.!!!> (\I 

~" LIMIT CONTENT LIMIT k 
:l Ii: +- - - - - - • - - - - - -+ 

:3 b 10 20 3D .0 ED Jl ~ 70 

+- - - -1- - - ,- - - - - -

". 123 -

1---- --- - ..... --1--- 1---

ID.t:.l''TH nRTT.T.Fn! 

DATE DRILLED: 
17.9' 
3-6-91 I'DEPTH TO WATER: 

DATE MEASURED: II PRoi -No~ ASA91-020-00 
PLATE 4 



DRILLING 

LOG OF BORING NO. MTL-4 
E 1 SITE - SSC PROJECT 
WAXAHACHIE, TEXAS 

~~ 
Raba-Kistner 

Consultants, Inc. 
METHOD: Mud Rotary /NX Core Barrel LOCATION: N6818714 / E2448050 

l-
II.. .. 
J: 
l-
ll. 
W 
Q 

30-

35-

40-

45-

50-

DESCRIPTION OF MATERIAL 

SURFACE ELEV AnON: 765.30' 

CLA Y, Firm, Brown, Moist 
- with roots and limestone gravel 
- grading downward into tan, 

calcareous clay 
0.9' 

LIMESTONE, Weathered, Medium 
Hard, Tan 

- with some vugs from 2.4' to 3' 
- poor recovery and multiple close 

partings from 3.7' to 8.7' 
- with some fractures to 9.6' and 

at 10.3' 
- slightly fossiliferous and 

glauconitic 
11.1' 

LIMESTONE, Unweathered, Soft 
to Medium Hard, Gray 

- with clay seams and clayey 
intervals to 13.5' 

- partings at 15', 16.5', 17.4', and 
18' 

- fossiliferous and medium hard 
below IS' . 

~ - light gray, RQD increases with 
I depth at IS' 
1- close partings, shaley, dark gray I 

from 19.3' to 20.4' 
'- fossiliferous, medium hard, light' 
, gray from 20.4' to 23.1' , 
L shaleY,.Eark graL belol!. 23.1 '_ ...J 

START: 8:58 AM 
END: II :00 AM 

Core 
Core Depth 
Run # (ft) % Rec % RQD 

I 1.4-3.7 35 
2 3.7-8.7 44 
3 8.7-18.7 94 
4 18.7-23.7 100 

o 
IS 
66 
97 

l-
lL 
a:: w 
11. 
fI') 
:3 o 
il 

® UNCONF. COMPRESSION, tsC ... 
:>-0 
a:: Q. 10 20 SO 40 60 60 70 GI 
Q .. I--=:!:-:-===-=-~::-:-:-===-.&....-~:-=-=~---l GI 
I- ~ PLASTIC WATER LIQUID c:' 
~ S LIMIT CONTENT LIMIT ~ 
~w +------~------+ 

:3 I.n. 10 20 SO 40 60 60 70 

-. 
116 - -' 

f--- --- -~--~--I---

DEPTH DRILLED: 
DATE DRILLED: 

23.7' 
3-6-91 I DEPTH TO WATER: 

DATE MEASURED: IPROJ. No. ASA91-020-00 
PLATE 5 



LOG OF BORING NO. MTL-5 
El SITE - SSC PROJECT 
WAXAHACHIE, TEXAS 

~~ 
Raba-Kistner 

DRILLING 
METHOD: Mud Rotary /NX Core Barrel 

I-u.. .. 
l: 
l-
II. 
W o 

DESCRIPTION OF MATERIAL 

SURFACE ELEVATION: 766.50' 

rI CLAY, Very Stiff, Brown, Moist 
- with roots and a trace of 

f-rJ-r limestone fragments 
r EC:::: - grading downward into tan, 
., ~ calcareous clay 

3' 
TTMF~TUNL neiiuum:;,:" Soft to 

-I=R::;:::C3~ Medium Hard, Tan, Slightly 
,.. Fossiliferous and Glauconitic 

.V I -several close partings from 3.8' 
to 4.2', and at 7.8' 

,- clayey from 8' to 10.5' 
10.5' J 

~. T .IM F'iTUNL. Unweatherp,d .. Soft 
,., ~ to Medium Gray to Dark 

Gray 
;:;::I::::;::I:1ti - clayey from 11.7' to 12.2' 
~ - mottled, intraclasts from 18' to 

,,/\ ~ 22' 
--~ 

I-u.. 
II: 
W 
II. 

• 

Consultants, Inc. 
LOCATION: N6818812/ E2448020 

'" >-u 
® UNCONF. COMPRESSION, tsf 

II: Q. 10 20 30 40 50 60 70 ell 

o .. f-..",....L--,.-:~"=""....L....,~~=-L---::-:!-..".-~----I ell 
I- I- PLASTIC WATER LIQUID ':' 
~ i§ LIMIT CONTENT LIMIT ~ 
~~ +------~------+ 

:3 I~ 10 20 : 0 40 ~ 0 e 0 ~ 0 
1V'2 

-124 - 156(~ 

~ r-.: clayey,..!oft, dar~g!!y ,.Eelow _22:"'f-o __ --- -~----- ~--

25-

30-

35-

40-

START: 12:00 PM 
END: 1:40 PM 

Blows per 6 in.: 
• = 5/5/16 

45- Core 

50-

Core Depth 
Run # (ft) % Rec % RQD 

1 3.5-8.0 80 
2 8.0-18.0 90 
3 18.0-23.0 100 

57 
74 
100 

DEPTH DRILLED: 
DATE DRILLED: 

23.0' 
3-6-91 IDEPTH TO WATER: 

DATE MEASURED: IIPROJ. No. ASA91 0 020·o 00 
PLATE 6 



DRILLING 

LOG OF BORING NO. MTL-6 
El SITE - SSC PROJECT 
WAXAHACHIE, TEXAS 

~~ 
Raba-Kistner 

Consultants, Inc. 
METHOD: Mud Rotary /NX Core Barrel LOCATION: N6818806/ E2448447 

t
IL .. 
J: 
t
Il. 
W 
Q 

DESCRIPTION OF MATERIAL 

SURF ACE ELEVATION: 760.90' 
CLA Y, Firm, Dark Brown, Moist 

to Wet 
- with roots and limestone 

fragments 
0.5' 

LIMESTONE, Weathered, Soft to 
Medium Hard, Tan 

- slightly fossiliferous and 
glauconitic 

- close intermittent partings from 
4.9' to 6.4' 

- clayey from 5.2' to 5.8' 
\ 10.2' J 
LIMESTONE, Unweathered, 

Qayey, Soft, Gray to Dark Gray, 
Slightly Fossiliferous 

- with multiple partings from 10.2' 
to 11.3' and from 14.2' to 18.4' 

- dark gray, clayey from 19.3' to 
20.3' 

- close partings from 20.2' to 21.1' 
and from 23.2'- to 24' 

t-
IL 
a: w 
11. 
en 
:3 
0 
.J 
DI 

• 
•• 

® UNCONF. COMPRESSION, tsf .... 
)-0 
a:Q. 
Q .. 
t-t-
HJ: 
ZCl 
;:)H 

W 
:3 

10 20 30 40 50 60 70 CD 

I--::P~L-:A~S==T=I-=C:---l--::W::-:-A"':":TE=R=--'---:L:-:!I'"=Q-::U~I~D--l ~ 
LIMIT CONTENT LIMIT >: 
+------~------+ 

10 20 30 40 50 60 70 

116 • 105(~ 

I- - - - - - - - - - - - I- - - -I- - - - - - - - - - - ~ - -

30- START: 9:10 AM 
END: 10:50 AM 

35-

40-

45-

SO-

Blows per 6 in.: 
• = 13/10/4 ** = 5/50/5" 

Core 
Core Depth 
Run # (ft) 

l 3.4-8.4 
2 8.4-18.4 
3 18.4-25.9 

DEPTH DRILLED: 25.9' 
DATE DRILLED: 3-7-91 

% Rec. %RQD 

92 62 
95 33 
100 71 

IDEPTH TO WATER: 
DATE MEASURED: 

lPROJ. No. ASA91-020-00 
PLATE 7 



SYMBOLS AND TERMS USED ON BORING LOGS 

CI..AY 

SOIL or RO:r. TYPES 
(snOwn In ~v~ool~ column) 

~~ 
~~ 

Sl~£N~l~ l(Sl p.rSUtTS 

~ ~oCkel ~enrlromrlrr 

o lorvane 

€9 UnConfined Compression 

TRIAXIAL C~PP.~SSIO~ 

l:::. Unconsolidated-undrained 
I..IMt;:STOH~ QoiAU( CA:..IC~ 

'CAI..CAAEC>U:s 
~- 0 Consolidated-undrained 

S~PLER TYPES 
(shown in ,.-ole colu.n) 

C Cohesion (Total) 

0 "ngle of Internal FriCtion (lou 1) 

C· Cohesion (E ff ect he) 

<D Angle of Intern~l Friction (Effective) 

NOTE: Values Symbolized on boring 
logs represent shear strengths 
unless othe~ise noted. 

TE~S DESCRIBIHG CONSISTENCY, COH~ITIOH OR TEXTURE 
TenRs used in this report to describe soils vlth regard to their consistency or conditions are in general accordance 
1IIith the discussion presented In Article 45 of SOIL H!CIWUCS IN £H\ilHEERIH;; PRACTICE, Terughi and Peclt, JOhn W\1ey 
" Sons, Inc. 1967, using the IIOSl reHable infoJ"Ntion available ffUI the field and laDOratory Investigations. 
TenRs used for describing sons a~cording t.o their texture or grain size distribution are in aCCOrdance with the 
UNIFIED SOil CLJSSIFI~TIOH SYSTEM, as described in TeChnical ~randu& ho. 3-357, Wate~ays Experiment Station, 
~rch 1953. 

Slickensided 
Fissured 
laminated 
Interbedded 
Calcareous 
We 11 graded 
Poorly graded 

REl:.TIVE 

r: 

O-l 
'-10 

10-30 
3D-SO 

>50 

TE~S CHARACTERIZIHG SOIL STRUCTURE 
having inclined planes of weakness that are sliCk and glossy In appearance 
containing shrinkage cracks, freQuently filled 1II1th fine sand or silt; usually ~re or less vertical 
cOC?osed of thin layers of varying colors and texture 
composed of alternate layers of different soil types 
containing appreciable Quantities of calciu= carbonate 
having wide range In gr~ln sizes and substantial amounts of all intermediate particle st%es 
predominantly of one grain size, or having a range of sizes with some intennediate size miss in\; 

TE~S DESCRIBIHG CONSISTEHCY OR COHDITION 

DENSITY COH~SI\'~ STRENGTH PlJ.STI CITY 

F-enetret iOn 
Rell: ive Resistance. C.ohesion Plast ieity [)eoree ot 
~ blows orr ft C.onsisten:\" TSi Inoe. Plasti::it\' 

Very loose 0·2 \le"y Soft 0-C.125 0-5 lIone 
Loose t-t. Soft 0.125-C.25 5-10 lo .. 
Mediurr. Dense l-S Fin:: 0.25-0.5 10-20 Moderate 
uens! E-1S S:Hf 0.5·1.0 ZO-(O Ple,stic 
Very Oense 1~-30 Very Stiff 1.0-2.0 >40 Highly Phstlc 

>30 H~rd >2.0 

OTt: SlIckensided tn~ fissured cleys mey heve lowe~ unconfined compressive strencths thon sho~n above becaus~ of 
plr.nes of weeln~SS or crOCKS in the soil. ihe consistency rHings of such ~oils ere baseO on penetrometer 
rudings. 

Raba-Kistncr Con;,uham:.ln: 
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UNCONFINED COMPRESSION TEST 
El SITE - SSC PROJECT 
WAXAHACHIE. TEXAS· 
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Boring No. MTL-l 
Depth: 14.00-15.50 ft 

STRAIN, X 

Material Description: Weathered Limestone (Austin Chalk) 
Moisture Content 18.44 % 
Dry Unit Weight 111.07 pcf 
Stress at Failure: 930 psi 
Strain at Failure: 1.31 % 
Secant Modulus: 71065 psi 
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Boring No. MTL-l 
Depth: 23.60 ft 

6.6 6.a 1..8 1..2 

STRAIN, X 

Material Description: Unweathered Limestone (Austin Chalk) 
Moisture Content 18.11 % 
Dry Unit Weight 114.41 pcf 
Stress at Failure: 1348 psi 
Strain at Failure: 1.79 % 
Secant Modulus: 75210 psi 
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UNCONFINED COMPRESSiGN TEST 
EI SITE - SSC PROJECT 
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Boring No. MTL-2 
Depth: 9.00 ft 

STRAIN, Y. 

Material Description: Weathered Limestone (Austin Chalk) 
Moisture Content 15.31 % 
Dry Unit Weight 119.70 pcf 
Stress at Failure: 1614 psi 
Strain at Failure: 1.68 % 
Secant Modulus: 96038 psi 
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Boring No. MTL-2 
Depth: 23.00-23.50 ft 

STRAIN, Y. 

Material Description: Unweathered Limestone (Austin Chalk) 
Moisture Content 14.97 % 
Dry Unit Weight 116.22 pcf 
Stress at Failure: 1458 psi 
Strain at Failure: 2.64 % 

Secant Modulus: 55287 psi 
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UNCONFINED COMPRES:JiON TEST 
El SITE - SSC PROJECT 
WAXAHACHIE, TEXAS 
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Boring No. MTL-3 
Depth: 10.00 ft 

STRAIN, Y. 

Material Description: Unweathered Limestone (Austin Chalk) 
Moisture Content 12.82 % 
Dry Unit Weight 123.07 pcf 
Stress at Failure: 1281 psi 
Strain at Failure: 2.24 % 
Secant Modulus: 57289 psi 
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Boring No. MTL-4 
Depth: 15.10 ft 

STRAIN, X 

Material Description: Unweathered Limestone (Austin Chalk) 
Moisture Content 16.63 % 
Dry Unit Weight 116.11 pcf 
Stress at Failure: 1935 psi 
Strain at Failure: 2.16 % 
Secant Modulus: 89545 psi 
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Boring No. MTL-5 
Depth: 16.00 ft 

STRAIN, Y. 

Material Description: Unweathered Limestone (Austin Chalk) 
Moisture Content: 13.65 % 
Dry Unit Weight: 124.10 pcf 
Stress at Failure: 2170 psi 
Strain at Failure: 2.39 % 
Secant Modulus: 90836 psi 
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Boring No. MTL-6 
Depth: 17.60 ft 

STRAIN, X 

Material Description: Unweathered Limestone (Austin Chalk) 
Moisture Content 16.01 % 
Dry Unit Weight 115.99 pcf 
Stress at Failure: 1460 psi 
Strain at Failure: 2.13 % 
Secant Modulus: 68547 psi 
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RESULTS OF LABORATORY ANALYSIS 

UNIT DRY MOISTURE UNCONFINED ATTERBERG LIMITS 
BORING DEPTH WEIGHT CONTENT COMPRESS ION LIQUID PLASTIC PLASTICITY 

NO. (ft) (Pcn (%) (TSF) LIMIT LIMIT INDEX DESCRIPTION 

MTL-l 14 - 15.5 111 18.4 67.2 LIMESTONE, Weathered, Tan 
23.6 114 18.1 97.2 LIMESTONE, Unweathered, Gray 

MTL-2 9.0 119 15.3 115.9 LIMESTONE, Weathered, Tan 
23 - 23.5 116 15.0 104.8 LIMESTONE, Unweathered, Gray 

MTL-3 o - 1.5 70 26 44 CLAY, Dark Brown (CH) 
10 123 12.8 92.4 LIMESTONE, Unweathered, Gray 

to Dark Gray 

MTL-4 15 116 16.6 138.7 LIMESTONE, Unweathered, Gray 

MTL-5 16 124 13.6 155.6 LIMESTONE, Weathered, Gray 
to Dark Gray 

MTL-6 o - 0.9 73 23 50 CLAY, Dark Brown (CH) 
LIMESTONE, Unweathered, Gray 

17.6 116 16.0 105.1 LIMESTONE, Unweathered, Gray 
,," 
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