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Pavement areas will be located along the east, west, and south sides of the new building 
with two exit/entrance driveways extending to Robinson Drive.  
 
The grading plan indicates that up to approximately 6 feet of fill will need to be placed in 
the northern portion of the building pad to reach the planned finished floor elevation of 
848 feet. An approximate 6- to 9-foot tall slope will be constructed beyond the north end 
of the building to accommodate grade change. The remainder of the site will remain near 
its current elevation with only minor leveling cuts and fills on the order of 2 feet or less. 

3.0 EXPLORATION AND TESTING PROCEDURES 
Field sampling and testing by S&ME, Inc. are in general accordance with ASTM 
procedures and established geotechnical engineering practice. The Appendix contains 
brief descriptions of field procedures as well as the data obtained. 
 
Our project engineer made a site reconnaissance to observe pertinent site features. During 
the reconnaissance, our engineer located ten soil test borings by estimating right angles 
and pacing distances from existing features indicated on the provided site plan. Ground 
surface elevations at the boring locations were interpolated from the provided 
topographic map. Because of the methods used, the boring locations shown on the Boring 
Location Plan and the elevations shown on the Test Boring Records in the Appendix are 
approximate. If more precise locations are desired a registered surveyor should field 
locate the borings. 
 
The exploratory borings were made by mechanically twisting hollow-stem augers into the 
soil. Soil samples were obtained at the surface and at 2 ½- to 5-foot vertical intervals 
thereafter with a standard 1.4-inch I.D. 2-inch O.D. split-barrel sampler. The sampler was 
first seated 6 inches and then driven an additional foot with blows of a 140-pound 
hammer falling 30 inches. The number of hammer blows required to drive the sampler 
the final foot was recorded and is designated the “standard penetration resistance” with 
units of blows per foot (bpf). The standard penetration test provides an indication of soil 
consistency and an intact sample for visual classification of the soil. Very dense residual 
materials described as partially weathered rock were found in three of the borings. In 
these materials, 50 hammer blows drove the sampler less than 12 inches and the Test 
Boring Records show the penetration for 50 blows as 50/3”, 50/2”, etc. 
 
An automatic trip drop hammer was used for the standard penetration testing. The 
automatic hammer has a higher efficiency than a manual hammer, and thus yields lower 
standard penetration resistance values. We recognize this reduction and compensate for it 
in our evaluation. However, the consistency descriptions on our Test Boring Records are 
based on traditional relationships between soil consistency and recorded standard 
penetration test values. 
 
The samples obtained during standard penetration testing were returned to our laboratory 
and reviewed by our project engineer. The purposes of this review were to check the field 
descriptions, visually estimate the relative percentages of the soils' constituents (sand, 
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clay, etc.), determine soil origin, and identify pertinent structural features such as 
foliation planes and slickensides. The stratification lines shown on the Test Boring 
Records represent the approximate boundaries between soil types, but the transitions may 
be more gradual than shown. 

4.0 SITE AND SUBSURFACE CONDITIONS 

4.1 Existing Conditions 
The proposed site is located in the southeast quadrant of the Fulton Industrial Boulevard 
and Robinson Drive intersection. There is an existing fire station on-site. The fire station 
consists of a building in the central portion of the site and associated concrete pavements 
with two exit/entrance driveways extending to Robinson Drive. There are tall, mature 
trees in the northeast part of the site and along the southern property line. Grass, 
sidewalks, landscaping bushes, etc. cover most of the remainder of the property not 
occupied by a building, pavements, or trees. 
 
There is a tall 15+ foot slope along the eastern property line that ascends from the subject 
site to the adjacent property. The slope is covered with mature trees and there is a fence 
along the base of the slope.  
 
Existing ground surface topography generally slopes downward from south to north with 
elevations ranging from approximately 855 to 834 feet. There are manmade slopes within 
the southern and northern parts of the site that accommodate grade change. The 
southernmost slope separates the existing concrete parking lot from the existing fire 
station building and is approximately 7 feet tall. The northern slope is more gradual, 
separating the fire station building from Fulton Industrial Boulevard.  
 
There is also a cell phone tower and associated maintenance building in the southeast 
corner of the site and a radio tower near the north side of the existing building. 

4.2 Area Geology 
The project site is in Georgia's Piedmont physiographic province. The soil overburden of 
this area was formed by in-place weathering of the parent metamorphic and igneous 
rocks. A typical upland Piedmont soil profile consists of a thin layer of topsoil underlain 
by a clayey soil stratum that transitions with increasing depth into less clayey, coarser 
grained soils with varying mica content. Separating the completely weathered soil 
overburden from the unaltered parent rock is a transition zone of very high consistency 
materials locally referred to as partially weathered rock. Partially weathered rock retains 
much of the appearance and fabric of the parent rock formations, and may consist of 
alternating layers of high consistency soil and rock. Partially weathered rock exhibits 
standard penetration resistances in excess of 100 blows per foot (bpf). 
 
The weathering processes that formed the overburden soils and partially weathered rock 
were extremely variable, depending on such factors as rock mineralogy, past groundwater 
conditions, and the tectonic history (joints, faults, igneous intrusions, etc.) of the specific 
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area. Differential weathering of the rock mass has resulted in erratically varying 
subsurface conditions, evidenced by abrupt changes in soil type and consistency in 
relatively short horizontal and vertical distances. Furthermore, depths to rock can be 
irregular and isolated boulders, discontinuous rock layers, or rock pinnacles can be 
present within the overburden and transition zones. 
 
The naturally developed upland soil profile can be altered through the activities of man 
such as excavation and fill placement. Fill soils have been placed at this site likely during 
past grading operations/construction of the existing fire station. Fill can be composed of 
variable materials including soil, rock, or debris. The engineering properties of fill soils 
depend primarily on the degree of compaction, composition, and moisture content. To the 
best of our knowledge no documentation (density tests, etc,) exists relative to the 
placement of the existing fill. If such data do exist, they should be provided to us for 
review. 

4.3 Subsurface Conditions 
Ten soil test borings (plus two offset borings) were performed to explore the subsurface 
conditions at the site. Borings 3, 4, 6, 7, and 8 were performed in or near the proposed 
building footprint and the remaining borings were performed in planned pavement areas. 
 
Borings 1 and 1A were drilled in the concrete pavement area east of the proposed 
building. Each initially penetrated about 4 inches of Portland cement concrete. The 
remaining borings initially encountered approximately 3 inches of topsoil. Beneath the 
topsoil, Borings 5, 6, 8, 9, and 10 encountered fill to depths ranging from 1 to 8 feet 
below the ground surface. The fill was generally comprised of orange-brown or red-
brown clayey silty fine to medium sand that exhibited standard penetration resistance 
values ranging from 3 to 17 blows per foot (bpf). Some of the fill contained small 
amounts of topsoil, roots, and/or rock fragments. Some of the samples were assessed to 
be very moist or wet of their estimated standard Proctor optimum moisture content.  
 
Beneath the fill, or beneath the concrete or topsoil in the remaining borings were 
Piedmont residual soils. An exception to this was in Borings 3 and 9 which encountered 
partially weathered rock directly beneath the fill or topsoil. The residual soil was 
generally comprised of orange-brown and black or tan, gray and white silty fine to 
medium sands. Some of the samples also contained quartz fragments. Standard 
penetration resistance values in the residual soils ranged from 5 to 37 bpf. With the 
exception of Borings 1, 3, and 9 each of the borings were terminated in residual soils at 
their planned depths of 10 or 15 feet below the ground surface.  
 
Borings 1, 3, and 9 encountered partially weathered rock at depths ranging from 4 inches 
to 8 feet below the ground surface (approximate Elevations 836 to 845 feet). The partially 
weathered rock was sampled as very dense gray and white or tan and black silty fine 
sand. Boring 9 was terminated in the partially weathered rock at a depth of 9 feet below 
the ground surface. 
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Borings 1 and 3 encountered auger refusal materials below the partially weathered rock at 
depths of 2 ½ feet and 1 foot, respectively (approximate Elevations 844 ½ and 844 feet). 
Both of these borings were then offset a short distance from their original location and re-
drilled (Borings 1A and 3A). Borings 1A and 3A both encountered auger refusal 
materials at a depth of 1 foot below the ground surface (approximate Elevations 846 and 
845 feet). 
 
We also performed two hand auger borings in the slope between the building and the 
southern pavement area. These borings encountered approximately 1 to 1 ½ feet of 
topsoil which was underlain by residual soils similar to those described above. 
 
Groundwater was not encountered in any of the borings at the time of drilling. Delayed 
groundwater measurements were not taken because the boreholes were backfilled 
immediately after drilling for safety reasons. We not that groundwater levels will 
fluctuate with seasonal and yearly rainfall variations and thus may be encountered within 
the depths of this exploration in the future.  
 
The preceding is a generalized description of the subsurface conditions as encountered by 
the borings of this exploration. Please refer to the individual Test Boring Records in the 
Appendix for more detailed descriptions at each boring location.  

5.0 LIMITATIONS OF CONCLUSIONS AND RECOMMENDATONS 
This report is for the exclusive use of Fulton County General Services Department for 
specific application to the subject project as discussed in the Project Information section 
of this report. Our conclusions and recommendations have been prepared using generally 
accepted standards of geotechnical engineering practice in the State of Georgia. No other 
warranty is expressed or implied. This company is not responsible for the conclusions, 
opinions, or recommendations of others based on these data. 
 
Our conclusions and recommendations are based on the limited design information 
furnished to us, the data obtained from this subsurface exploration, the assumptions 
outlined herein, and our past experience. They do not reflect variations in the subsurface 
conditions which are likely to exist between our borings and in unexplored areas of the 
site resulting from the inherent variability of the subsurface conditions in this geologic 
region as well as past site use and grading (fill placement, etc.). If such variations become 
apparent during construction, it will be necessary for us to re-evaluate our conclusions 
and recommendations based upon on-site observation of the conditions. 
 
If the overall design, elevation, or location, of the planned building and pavements are 
changed, the recommendations contained in this report must not be considered valid 
unless the changes are reviewed by our firm and our recommendations modified or 
confirmed in writing. When design is finalized, we should be given the opportunity to 
review the foundation plan, grading plan, and applicable portions of the project 
specifications. This service will allow us to determine whether these documents are 
consistent with the intent of our recommendations. 
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Subsequent report sections include comments about geotechnical aspects of the proposed 
construction. The recommendations contained herein are not intended to dictate 
construction methods or sequences. They are based on findings from this subsurface 
exploration and are furnished solely to help designers understand subsurface conditions 
related to foundation and earthwork plans and specifications.  
 
Field observations, monitoring, and quality assurance testing during earthwork and 
foundation installation are an extension of the geotechnical design. We recommend that 
the owner retain these services and that we be allowed to continue our involvement in the 
project through these phases of construction. Our firm is not responsible for interpretation 
of the data contained in this report by others, nor do we accept any responsibility for job 
site safety which is the sole responsibility of the contractor. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 General Discussion 
Five of the borings of this exploration encountered fill soils to depths of up to 8 feet, 
which were underlain by residual materials. High consistency partially weathered rock or 
rock (refusal) were encountered in the northeast portion of the site at depths ranging from 
4 inches to 2 ½ feet below the ground surface. The remaining borings encountered 
Piedmont residual soils throughout their depth. We expect that any compaction tests or 
other quality control test reports that may have been generated during grading of the site 
are not available. However, if any exist, we request the opportunity to review them.  
 
The majority of the fill material encountered in our borings appeared to be relatively 
clean soils with the exception of a few samples which contained traces of topsoil or roots. 
Further, the standard penetration resistance values in the fill ranged from 3 to 17 bpf with 
most values ranging from 8 to 13 bpf, the lowest values were typically at the surface. 
With the exception of some low surface values we consider these standard penetration 
values to be consistent with fill material that was placed with some compactive effort. If 
our data are representative of fill throughout the building area, then the foundations and 
floor slab could be supported by these materials after limited remedial subgrade 
preparation, provided the owner is aware of and willing to accept the inherent risks 
involved with support of the structure on old fills because our exploratory borings 
representative a very small percentage of the overall fill mass. Soft soils or buried debris 
may exist between our borings or in unexplored areas of the site that may cause poor 
foundation and/or slab performance due to settlement of the fill.  
 
To elimination any risk would require complete removal and replacement of the fill. One 
option is to accept some risk and perform construction evaluations to help identify 
potential areas of problematic soils to reduce the risk of poor foundation and slab 
performance. To this end, we recommend observation of backhoe excavated pits either 
prior to or at the start of construction to further assess the consistency and composition of 
the fills. At this time it would also be advisable to perform density testing. A thorough 
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subgrade evaluation at the start of construction by proofrolling with heavily loaded 
construction equipment is also recommended. Finally, thorough evaluation of excavated 
footings including fairly closely spaced hand auger borings will help determine if 
favorable subsurface conditions exist at shallow depths below individual footings. If any 
soft or otherwise unsuitable conditions are encountered during these evaluations the 
problematic soils should be removed and replaced with structural fill. We expect the need 
to remove some soft soils, particularly where new construction will extend into currently 
landscaped areas. 
 
The high consistency partially weathered rock and rock encountered in the northeast 
portion of the site (Borings 1, 1A, 3, 3A) should be taken into account when planning 
utility alignments. Additionally, although these materials were encountered below 
planned grades, it is possible that high consistency materials could be encountered at 
higher elevations in areas intermediate of our borings. Furthermore, we expect these 
materials will be encountered during foundation installation and will require 
extraordinary excavation effort. Where these materials are encountered during mass 
grading, utility and/or footing installation, blasting or concentrated effort with large 
tracked excavators or use of pneumatic tools will likely be required for removal.   

6.2 Earthwork Recommendations 
To prepare the site for construction, the existing structure, including foundation and slab 
elements, should be demolished and all construction debris should be removed from the 
site. The existing pavement, vegetation, roots, and topsoil should be stripped from within 
and to 10 feet outside the planned building area. Where landscape areas will become 
future pavement areas, any vegetation, roots, and topsoil should be stripped from these 
areas as well. Any existing utilities and associated backfill should be removed to at least 
10 feet outside the building area. 
 
In areas that are at grade or in areas to be filled, our engineer should observe the stripped 
subgrade and evaluate its firmness and stability. The evaluation should include 
observation of proofrolling of the surface with a loaded tandem-axle dump truck. As 
discussed previously, excavation of several shallow test pits will be prudent in areas 
where fill soils are exposed at the surface unless the pits are excavated prior to the time of 
construction. Any soils that are found to be soft or unstable should be undercut if they 
cannot be aerated, dried and compacted to a stable condition.  
 
Structural fill can be placed after the subgrade evaluation and any associated remediation 
has been completed. Structural fill is defined for this project as inorganic natural soil with 
a maximum particle size of 4 inches and a Plasticity Index of 30 or less. Structural fill 
should be placed in relatively thin (4- to 8-inch) layers and compacted to at least 95 
percent of the soil's maximum dry density as determined by the standard Proctor 
compaction test (ASTM D698). Because floor slab and pavement support characteristics 
of Piedmont soils typically improve with greater density, we suggest requiring a slightly 
higher degree of compaction (98 percent) in the upper 12 inches beneath planned 
pavements.  
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Excavated on-site soils should generally be satisfactory for use as structural fill. Soil 
moisture contents will vary with weather conditions immediately preceding and during 
construction; thus, drying or wetting of excavated on-site soils may be necessary to 
achieve the recommended compaction criteria. As previously discussed, some of the 
existing fill soils were assessed to be very moist or wet. These soils will likely required 
drying in order to achieve a high degree of compaction. 
 
In-place density testing must be performed to check that the recommended compaction 
criteria are achieved. A suggested part time testing frequency is one test for every 2,500 
square feet of mass fill in the building area, one test per 5,000 square feet in pavement 
areas, and one test for every 100 linear feet of utility trench backfilled. Density tests 
should be performed at vertical intervals of 2 feet or less as the fill is being placed. The 
tests should be performed by a qualified technician working under the direction of a 
geotechnical engineer. 

6.3 Excavation Conditions 
The site generally consists of moderate consistency fill and residual soils. Two of our 
borings in the northeast portion of the site encountered partially weathered rock and rock 
(refusal) at shallow depths (approximate Elevations 845 to 847 feet). The fill and residual 
soils encountered in our borings can be excavated in the mass graded areas using 
conventional earthmoving equipment such as front-end loaders, backhoes, and motor-
graders. Foundation and utility trench excavations in the fill and residual soils can 
routinely be performed using moderate sized rubber-tired or tracked backhoes. 
 
Removal of partially weathered rock will require concentrated effort with large front-end 
loaders or large tracked excavators such as a Caterpillar 320 or larger to be removed. 
Excavation below the auger refusal level of our borings will likely require blasting or the 
use of pneumatic tools depending on the depth and length of rock necessary to be 
removed. We suggest that the location and elevation of rock encountered in our borings 
be considered when planning utility alignments. Where partially weathered rock or rock 
is encountered during mass grading, we recommend overexcavating to about 6 inches 
below foundation or underslab utility elevations and backfilling with structural fill. Then 
foundations and utilities can be installed using conventional backhoes. Where partially 
weathered rock and rock is exposed at foundation subgrade levels, it should be 
overexcavated and backfilled with soil fill to help reduce the effect of differential 
settlement where foundation support transitions from the dense materials to softer soils. 
 
Due to the irregular geologic conditions in the project area, it is possible to encounter 
rock at depths more shallow than those identified during this exploration. For this reason, 
we suggest that the project budget contain a contingency for rock excavation outside the 
area where rock was identified and above the elevations where it is shown. The project 
specifications should include a performance type definition of rock. A sample definition 
is included in the Appendix. 
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6.4 Foundation Recommendations 
The findings of the exploration indicate that the proposed fire station can be supported by 
shallow footings bearing on residual soil, existing fill (with associated risks), or new 
compacted structural fill after completion of site preparation as discussed in this report. 
We recommend use of a maximum net allowable soil bearing pressure of up to 2,500 psf 
to size column and strip footings supported by these materials. 
 
Although computed footing dimensions may be less, column footings should be at least 
24 inches wide and strip footings should be at least 18 inches wide. These dimensions 
facilitate densification and hand cleaning of footing subgrades disturbed by the 
excavation process as well as the placement of reinforcing steel. They also reduce the 
potential for localized punching shear failure. If turned-down slab foundations are 
employed, these minimum width recommendations do not apply, but the recommended 
bearing pressure must not be exceeded. All exterior footing bottoms should be at least 12 
inches below the lowest adjacent exterior grade to prevent damage from frost penetration. 
 
All footing excavations must be evaluated by a representative of our firm to check for 
soil conditions compatible with our design recommendations. This evaluation should 
include performance of shallow hand auger borings coupled with portable cone 
penetrometer tests. We can provide geotechnical recommendations to the contractor 
and/or designers should unforeseen soil conditions be encountered during construction. 
These evaluations are very important at this site due to the existence of old fill. Where fill 
is present, an auger boring should be drilled through the fill at all column locations and at 
spacings of 25 to 50 feet or less along wall footings. 
 
Footing excavation often produces a thin veneer of disturbed soil at the footing subgrade. 
We recommend that this disturbed soil be hand cleaned prior to placing reinforcing steel. 
Furthermore, the footing bottoms should be free of all fall-in prior to placing concrete. 
Where rock or partially weathered rock is removed during excavation all overbreakage 
should be removed, and if necessary, the footing subgrade should be leveled with 
structural fill, compacted crushed stone, or lean concrete. 
 
The strength properties of soil exposed at the footing subgrade will change if exposed to 
wetting, drying, or freezing. Every effort should be made to place concrete the same day 
as the excavation is completed. If subgrades are to be left open for more than one day, 
they should be covered with polyethylene sheeting. If inclement weather is expected and 
the excavations have been approved, a lean (1,000 psi) concrete veneer about 3 inches 
thick should be placed on the exposed subgrade. Excavation of disturbed soil may be 
required if these protective measures are not implemented. 

6.5 Floor Slab Recommendations 
The floor slab can be supported by residual soil, existing fill (with associated risks), or 
new structural fill after site preparation/remediation as previously discussed. Because 
some minor differential settlement is possible, the floor slab should be structurally 
separate from the building column and wall foundations to reduce the chance for slab 
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cracking. Alternately, the transition from the slab-on-grade to these structural elements 
can be reinforced. 
 
Because no groundwater was encountered in the borings, we believe that an underslab 
drainage layer is optional. The floor slab should, however, be underlain by an effective 
and durable vapor barrier in order to reduce the possibility of slab dampness due to 
upward migration of soil moisture. Groundwater levels will fluctuate with seasonal and 
cyclical temperature and precipitation changes in the future, may be encountered within 
the depths of this exploration. 
 
Between completion of grading and slab construction, floor slab subgrades are often 
disturbed by weather, footing and utility line installation, and other construction 
activities. For this reason, the subgrade should be evaluated by a geotechnical engineer 
immediately prior to placing an underslab drainage layer and/or the slab. Areas judged by 
the geotechnical engineer to be soft or loose should be undercut and replaced with 
compacted crushed stone or soil fill compacted to at least 98 percent of its standard 
Proctor maximum dry density in the upper 12 inches. 

6.6 Earth Slopes 
Permanent cut and fill slopes should be inclined no steeper than 2H:1V and temporary 
slopes should be no steeper than 1½ H:1V. The building area should be set back at least 
10 feet from any slope crest. Where the building setback is less than 10 feet, the footings 
should be lowered to bear below a 3H:1V line project upward from the slope’s toe or 
such that the leading edge of the footing is at least 8 feet from the face of the slope. 
Pavement curbs should not be constructed within 3 feet of any slope crest. 

6.7 Seismic Site Classification 
The 2006 International Building Code states that where soil properties are not known to 
sufficient depth (100 feet or auger refusal), a Site Class D may be assumed provided that 
there are no indications that soils requiring classification of E or F could be present on 
site. Based on the boring data from our geotechnical exploration, we judge that the 
default Seismic Site Class D may be used for the project.  

6.8 Pavement Subgrade Recommendations 
We recommend that the pavement subgrade be evaluated by proofrolling with a loaded 
tandem-axle dump truck immediately prior to placing the base course. The evaluation 
should be performed by a representative of our firm. Any areas judged to perform 
unacceptably should be selectively undercut and replaced with structural fill compacted 
to at least 98 percent of its standard Proctor maximum dry density or with additional 
graded aggregate base compacted to meet the pavement base course compaction criterion. 
 
We have not performed a site-specific pavement design study. If requested, we can 
perform such a study after being provided with traffic information and obtaining soil 
samples for performance of California Bearing Ratio (CBR) tests. 
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HAND AUGER BORING RECORD 

 
FIRE STATION NO. 11 

4760 FULTON INDUSTRIAL BOULEVARD 
Fulton County, Georgia 

S&ME Job No. 1801-11-208, Report No. 411757 
 

Depth (feet) 
Boring No. 

From To 
DESCRIPTION 

HAB-1 0 1 Topsoil 

 1 3 Residuum - white, tan, and gray silty fine to medium 
sand 

  3 Boring Terminated 

 

HAB-2 0 1 ½  Topsoil 

 1 ½  3 Residuum – orange-brown clayey sandy silt 

  3 Boring Terminated 

    

 
 



 
 
 
 
 
 
 

ROCK DEFINITION 
 
We suggest that Rock be defined as the following: 
 
 
 General Excavation: 
 
  Any material which cannot be excavated with a single-tooth ripper 

drawn by a crawler tractor having a draw bar pull rated at not less 
than 56,000 pounds (Caterpillar D8K or equivalent) or excavated 
by a front-end loader with a minimum bucket breakout force of 
25,600 pounds (Caterpillar 977 or equivalent). 

 
 
 Trench Excavation: 
 

Any material which cannot be excavated with a backhoe having a bucket 
curling force rated at not less than 33,010 pounds (Caterpillar 225B or 
equivalent). 

 



 
 
 
 
 
 
 

INTRODUCTION 
 
 
S&ME, Inc. performs most all tests in general accordance with the American Society for 
Testing and Materials (ASTM) or the United States Army Corps of Engineers 
procedures. These procedures are generally recognized as the basis for uniformity and 
consistency of test results in the geotechnical engineering profession. All work is initiated 
and supervised by qualified engineers. Our tests are performed by skilled technicians 
trained in either ASTM or Corps procedures. Our equipment is well maintained, and our 
laboratory equipment is calibrated at least yearly.  
 
Subsequent portions of this Appendix present brief descriptions of our testing procedures. 
Where applicable, we have referenced these procedures to either ASTM or the Corps of 
Engineers. Reference should be made to the following publications for specific 
descriptions of apparatus, procedures, reporting, etc. 
 
Annual Book of ASTM Standards, Section 4, Volume 4.08: Soil and Rock: Building 
Stones. American Society for Testing and Materials, Latest Edition 
 
EM 1110-2-1803.  Subsurface Investigations, Soils, Chapter 3.  U.S. Army Corps of 
Engineers, 1972. 
 
EM 1110-1-1801, Geological Investigations.  U.S. Army Corps of Engineers, 1978. 
 
EM 1110-2-1907, Soil Sampling.  U.S. Army Corps of Engineers, 1972. 
 
EM 1110-1-1802, Geophysical Exploration.  U.S. Army Corps of Engineers, 1979. 
 
EM 1110-2-1906, Laboratory Soils Testing.  U.S. Army Corps of Engineers, 1970. 
 
 



 
 
 
 
 
 
 

                                                                   PROCEDURES 

 
 
 

SOIL TEST BORING, ASTM D-1586 
 
 
The borings were made by rotary drilling in which a viscous bentonite drilling fluid is 
used to flush the cuttings and stabilize the hole. At regular intervals, the drilling tools 
were withdrawn from the borehole and soil samples obtained with a standard 1.4-inch 
I.D., 2.0-inch O.D., split tube sampler. 
 
The sampler was initially seated 6 inches to penetrate any loose cuttings; then driven an 
additional foot with blows of 140-pound hammer falling 30 inches. The number of 
hammer blows required to drive the sampler the final foot was recorded and is designated 
as the standard penetration resistance. Penetration resistance, when properly evaluated, 
is an index to the soil’s strength and density. 
 
The samples were classified in the field by the driller as they were obtained. 
Representative portions of each soil sample were then sealed in containers and 
transported to our laboratory. The samples were examined by a graduate geotechnical 
engineer or engineering geologist to visually check the field classification. All boring 
data, including sampling intervals, penetration resistances, soil classifications, and 
groundwater level are presented on the attached Test Boring Records. 
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 CORRELATION 
 OF 
 STANDARD 
 PENETRATION RESISTANCE 
 WITH 
 RELATIVE COMPACTNESS AND CONSISTENCY 
 
 
 Sand and Gravel 
 
     Standard Penetration Resistance 
            Blows/Foot           Relative Compactness 
 
 0-4 ..................................................................... Very Loose 
 5-10 ..................................................................... Loose 
 11-30 .....................................................................Medium Dense 
 31-50 ..................................................................... Dense 
 Over 50 ..................................................................... Very Dense 
 
 
 
 Silt and Clay 
 
      Standard Penetration Resistance 
           Blows/Foot            Consistency 
 

0-2 ...................................................................... Very Soft 
 3-4 ...................................................................... Soft 
 5-8 ...................................................................... Firm 
 9-15 ...................................................................... Stiff 
 16-30 ...................................................................... Very Stiff 
 31-50 ...................................................................... Hard 
 Over 50 ...................................................................... Very Hard
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AUGER REFUSAL MATERIALS 
 
 
Auger refusal is a term that describes subsurface materials sufficiently competent to 
prevent further penetration by our 55/8-inch O. D. hollow-stem augers. Our criteria for 
auger refusal is the inability of our 125-horsepower drill rig to advance the augers while 
operating in second gear. Typically, refusal materials exhibit penetration resistances in 
excess of 100 blows per foot. Refusal materials can be hard cemented soil, soft weathered 
rock, coarse gravel or boulders, rubble or other hard debris, thin rock seams, or the upper 
surface of sound continuous rock. Core drilling procedures are required to determine the 
character and continuity of refusal materials. 






