
 

 

 
 
 
 
February 2, 2018 
 
 
Arnold Rifle & Pistol Club 
8343 Metropolitan Boulevard 
Barnhart, Missouri 63012 
 
Attn: Mr. Jere Wilmering 
 

GEOTECHNICAL EXPLORATION 

MT JOB NO. 14534 

ARNOLD RIFLE & PISTOL CLUB EXPANSION 

BARNHART, MISSOURI 

 
Gentlemen: 
 
Submitted herein is the report of our geotechnical exploration conducted for the 
referenced project, as authorized by the signed acceptance of our January 2, 2018 
proposal. 
 
INTRODUCTION 
 
A geotechnical exploration has been performed for a proposed firing range 
expansion in Barnhart, Missouri. The study consisted of field exploration, 
laboratory testing, and engineering analyses. 
 
Purpose and Scope. The purpose of the study was to explore the subsurface 
conditions at the site, and develop recommendations for the earth–related 
aspects of the design and construction of the proposed project. The scope of the 
study included: 
 

 conducting a limited field exploration program; 

 conducting laboratory testing; 

 performing engineering analyses to develop recommendations 
regarding rock excavation considerations, rock–cut slopes, slope 
stability considerations in cut soils, general site drainage, suitability of 
on–site soil for use in engineered fills, and earth–related construction 
procedures; and 

 the preparation of this summary report. 
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Project Characteristics. The expansion of an existing rifle and pistol range is 
planned for a site at 8343 Metropolitan Boulevard, in Barnhart, Missouri. As part 
of the expansion, a significant cut slope in soil and rock is planned, along with 
cuts and fills for a new gravel roadway which will provide access to the new 
range area. A new parking area will be created on the east side of the new range. 
The proposed site layout is depicted in Figure 1. 
 
The current civil plan indicates that a cut of 40 feet will be made on the north 
side of the new range area. The plan also indicates that the gravel road will 
roughly follow the current terrain, with maximum cuts and fills on the order of 
10 and 15 feet, respectively. 
 
Site Conditions. The proposed construction area is currently heavily wooded and 
undeveloped. Site topography generally slopes downward from north to south. 
The proposed 40–foot cut is located on an existing ridge, with the highest ground 
near El. 740. Vertical relief along the proposed gravel road is on the order of 180 
feet, rising from about Els. 515 to 695. The new parking area will be near Els. 690 
to 695, with up to 10 feet of fill needed to create the southeast corner of the lot. 
 
FIELD EXPLORATION 
 
One boring (designated B–1) was drilled at the location shown in Figure 1. The 
boring was located in the field measuring from site references, and its elevation 
interpolated from existing site contour information. 
 
The boring was advanced to a depth of 26½ feet below the existing ground 
surface, with an ATV–mounted rotary drill rig using four–inch–diameter 
continuous–flight augers (CFA). Standard penetration tests (SPT) and split–
spoon samples were generally obtained at 2.5– to 5.0–foot intervals in the 
overburden soils. Representative samples of the soils encountered were sealed in 
glass jars for further observation and laboratory testing. 
 
Upon encountering auger refusal at a depth of 26½ feet below the existing 
ground surface, the bedrock was cored with NX–size rock coring equipment to a 
depth of 40 feet below existing grade. The bedrock was cored in general 
accordance with the procedures of Diamond Core Drilling for Site Investigation 
(ASTM D 2113). Rock core samples were recovered and placed in longitudinally 
partitioned core boxes for further observation. 
 
The soil and rock samples were sealed, secured, and transported to our 
laboratory for classification and testing. The sampling intervals, soil and rock 
descriptions, SPT data, ground water observations, and other pertinent field 
information are summarized on the boring log in the appendix. 
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LABORATORY TESTING 
 
The soil samples were observed and visually classified, and the logs were edited 
as necessary. Moisture content determinations were made for all soil samples.  
 
The rock cores obtained from the boring were classified based on visual–manual 
methods, recovery percentages calculated, and rock quality designations (RQDs) 
determined. The RQD is a ratio of the sum of the samples four inches or greater 
in length to the length cored, expressed as a percent. The results of the laboratory 
analysis, rock descriptions and recoveries are presented on the boring log. 
Photographs of the rock cores are presented in the appendix. 
 
SUBSURFACE CONDITIONS 
 
The subsurface conditions were explored by performing a boring at the location 
shown in Figure 1. An idealized soil profile for this site consists of natural, 
undisturbed cohesive soil atop bedrock at depth. 
 
Natural Overburden. The natural, undisturbed cohesive soil consists of high 
plastic gravelly clay overlying high plastic clay with a trace of chert gravel to a 
depth of 26½ feet below the existing ground surface. 
 
Standard penetration resistances (N–values) obtained during drilling indicated 
that the overburden deposits are of hard consistency. 
 
Bedrock. Bedrock was encountered at a depth of 26½ feet below the existing 
ground surface. The bedrock was cored to a depth of 40 feet below existing 
grade. Examination of the cores generally indicated the rock predominantly 
consists of slightly cherty limestone with occasional thin clay seams. 
 
The rock quality designation (RQD) and percent recovery define the soundness 
and continuity of the bedrock. Calculated RQDs for the sampled rock at this site 
generally varied from 74 to 89, indicating the quality of the rock to be of fair to 
good quality. Weathered zones of the bedrock were not encountered. Percent 
recoveries of the sampled rock ranged from 93 to 100 percent. Photographs of the 
cored rock are presented in the appendix. 
 
Ground Water. The boring was dry during drilling and upon encountering auger 
refusal. The introduction of water during coring of the bedrock obscured further 
ground water readings. 
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DESIGN RECOMMENDATIONS 
 
It is our opinion that the desired grades can generally be achieved; however, 
some modification of the current civil plan may be necessary for the proposed 
soil and rock cut. Bedrock, which is present above proposed finished grade at the 
base of the rock cut at the location of Boring 1, will require excavation. Cuts and 
fills will be required to create the new gravel road and range parking area. These 
and other design–related considerations are discussed in detail in the following 
sections. 
 
Rock Excavation Considerations. Review of the grading plan and boring data 
indicates bedrock is above proposed finished grade for a portion of the proposed 
rock cut. Bedrock will require removal via blasting. The use of a hydraulic rock 
breaker may be required to further decrease the size of boulders, depending on 
the results achieved by the blasting program, if the bedrock material is slated for 
use as fill elsewhere on–site. 
 
Soil Cut. The natural overburden may be cut at a 3H:1V orientation. The toe of 
the overburden slope should be “held back” a minimum of 5 feet from the top of 
the rock cut. 
 
A minimum 4–foot–high safety fence should be installed in this 5–foot–wide 
“hold back” zone to prevent accidental falls. The cut slope must be vegetated to 
protect against erosion. A two–season erosion mat, such as BioNet® SC150BN®, 
by North American Green, or equivalent, is recommended for protection until 
the vegetation is established.  
 

Slopes at 3H:1V are widely used by state and local government agencies. 
However, the use of 3H:1V slopes does not guarantee that slope failures may not 
occur. Steeper slopes, if desired, must be evaluated for slope stability by the 
Geotechnical Engineer. 
 
Rock Cut. The bedrock consists predominantly of cherty limestone with 
occasional thin clay seams. The rock is generally durable with the exception of 

the thin clay seams. It is our opinion that nearvertical cuts can be made in the 
bedrock at this site. Figure 2 in the appendix depicts the suggested minimum 5º 
batter for the proposed rock cut. 
 
It should be noted that clay seams and weathered zones are more susceptible to 
erosion due to weathering and freeze–thaw cycles, which can result in material 
loss and undermining of the intact rock above. An example of long–term 
performance of rock cuts in the area can be found along I–55, where weathering 
of the limestone face and clay seams has occurred. Also present is an example of 
debris that has collected in the catchment area at the base of the rock cuts. 
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Protection against falling rock debris will be required in the form of a 10–foot–
wide catchment area at the base of the rock cut. Periodic cleaning of the 
catchment area will be required to remove accumulated debris. Failure to remove 
the debris will result in the formation of an angled slope of debris, which has the 
unwanted effect of redirecting a falling boulder outward. 
 
We recommend that a MoDOT (Missouri Department of Transportation) 

castinplace or precast Type B barrier be provided a minimum of 10 feet 
horizontally from the toe of the rock cut where the cut exceeds 10 feet in height. 
As an alternative, a barrier can be constructed of limestone boulders resulting 
from the rock blasting operation, provided they are at least 2 feet in each 
dimension. The purpose of the barrier is to prevent damage from boulders 
“kicking out” onto adjacent firing lanes and causing injury and/or property 
damage. 
 
Road Construction. The proposed gravel road cuts and fills can be made per the 
current civil plan. The cut and fill slopes should be 3H:1V or flatter. Fill slopes 
can be made with compacted soil and/or rock. The maximum boulder size 
should be limited to 1 foot. The boulders must not be nested, and sufficient finer 
material must be present to fully fill any voids. Finished slopes should be 
vegetated and protected with erosion mat, as set forth herein. 
 
Drainage and Grading. Positive drainage must be provided to properly collect 
and discharge surface water in such a manner that an erosive flow does not 
develop in the cut and fill slope areas. 
 
Existing slopes steeper than 5H:1V must be benched prior to the placement of 
new fill in an attempt to prevent the formation of a weak plane which could lead 
to a slide between the new fill mass and the existing slope. The benches should 
be cut flat in the existing slope, and be approximately one machine width by a 
maximum vertical height of 5 feet. 
 
GENERAL CONSTRUCTION PROCEDURES AND RECOMMENDATIONS 
 
A Geotechnical Engineer must be retained during the earth–related portions of 
construction to verify compliance with the project documents and the 
recommendations presented herein. 
 
Site Preparation. Fill areas must be stripped of all vegetation (trees, brush, 
topsoil, etc.). The strippings should be disposed off–site in a legal manner or 
stockpiled on–site for later use in landscaped areas. 
 
Existing slopes steeper than 5H:1V must be benched prior to the placement of 
new fill in an attempt to prevent the formation of a weak plane which could lead 
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to a slide between the new fill mass and the existing slope. The benches should 
be cut flat in the existing slope, and be approximately one machine width by a 
maximum vertical height of 5 feet. 
 
A proofroll must be performed in proposed construction areas to verify that the 
existing ground surface is stable and no isolated soft spots exist prior to the 
placement of grade–raise fill. Unsuitable areas disclosed by the proofrolling 
operation must be remedied by removal and replacement, scarifying and 
recompaction, or other methods acceptable to the Geotechnical Engineer. 
 
Subgrade Considerations. The overburden soils at this site are clayey in texture, 
and susceptible to disturbance in the presence of moisture and the traffic of 
construction. Care should be exercised to maintain the integrity of the subgrade 
when preparing the site for the placement of fill, making excavations, and other 
earth–related construction activities. The moisture content of the fill materials 
should be controlled such that pumping of the fill subgrade does not exceed 1–
inch vertical deflection under the traffic of the earthwork equipment. 
 
If pumping and rutting occur, activity should be halted until the affected area 
can be stabilized. This can normally be accomplished with aeration and 
recompaction, the use of ground stabilization fabric, the incorporation of 
admixtures (e.g., lime, CKD [cement kiln dust], or Class C fly–ash products), or a 
working mat of clean coarse crushed stone.  
 
The need for these measures will depend on soil, moisture, and weather 
conditions at the time of grading and can best be evaluated at that time.  
 
Rock Excavation. It is our opinion that excavation of the bedrock at this site will 
require blasting. The core samples suggest that the rock cannot be ripped. 
 
Rock Fill Materials. The maximum particle size of removed rock that can be used 
in fills is 1 foot. A smaller maximum size can be considered for ease of placement 
and compaction. We expect that the limestone will produce boulders following 
blasting which are too large for fill incorporation. These can be further reduced 
in size by using a hydraulic rock breaker. 
 
The removed rock must produce sufficient fines (sand–, silt–, and clay–size 
particles) to adequately fill void spaces and “bind” the rock fragments in the 
compacted rock fill lift. The maximum lift thickness for the rock fill measured in 
the loose condition is 1 foot.  
 
We expect that boulders larger than 1 foot will result from the rock removal 
operation. These can be placed within landscaping area fills (if any) provided 
they are isolated and not nested (i.e., placed together such that void space is 
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formed among the boulders) when placed. Large boulders which cannot be 
incorporated in the site fills to the satisfaction of the Geotechnical Engineer 
should be wasted off–site, used to construct a rock–fall barrier, and/or used for 
landscaping decoration elsewhere on–site. 
 
Compaction. On–site and imported fill and backfill must be placed in loose lifts 
and mechanically compacted. Field density tests must be performed as needed 
by a qualified soils technician to verify compliance with the density requirement. 
 
We recommend the following compaction criteria: 
 

 
Area 

Percent of Standard 
Proctor (ASTM D 698) 

General site fill 95 

Utility trench backfill (if any)  

   Beneath slopes and paved areas 95 

   Beneath landscaped areas 90 

Landscape area fills 90 

Slopes (H ≥ 4 ft) 95 

 
Soil fills should be placed in loose lift thicknesses not to exceed 8 inches, or the 
maximum rock size (1 foot) in rock fill areas, and mechanically compacted to the 
required density. Compaction of the rock fill shall be accomplished by repeated 
tracking (minimum of 4 passes with full coverage of tracks) with a Caterpillar D–
8 dozer, heavy roller, or other suitable method acceptable to the Geotechnical 
Engineer until no further densification occurs, in the opinion of the Engineer. 
 
The rock fill must be of sufficient gradation to prevent the formation of voids. 
The surface of the rock fill must remain stable under the traffic of the 
earthmoving equipment to the satisfaction of the Geotechnical Engineer. 
 
Compaction of any fill or backfill by jetting (sometimes referred to as flooding) is 
not acceptable. The success of this method requires a free–draining fill material 
and the drainage of the water through and away from the fill area. Jetting in 
confined areas will result in the entrapment of water by the fill boundaries (e.g., 
backfill in a trench). This technique will generally not achieve the desired 
compaction because of nonuniformity, submergence, and the weakening of the 
resultant fill. 
 
Rock Swell Factor. It is our opinion that the excavated rock will swell 
approximately 15 percent after it is placed and compacted in the fill areas. The 
determination of swell factors for rock is not an exact science. It is important to 
understand that this factor for rock is an estimate based on past experience. 
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Construction Dewatering. Construction dewatering is not anticipated. If seepage 
is encountered at shallow depth, it can likely be handled by simple means such 
as pumping from sumps, or the use of perimeter trenches to collect and 
discharge the water away from the work areas. 
 
LIMITATIONS OF REPORT 
 
The analyses, conclusions, and recommendations contained in this report are 
based on the site conditions described herein and further assume that the 
exploratory boring is representative of the subsurface conditions throughout the 
site (i.e., the subsurface conditions everywhere are not significantly different 
from those disclosed by the boring). If, during construction, subsurface 
conditions different from those encountered in the exploratory boring are 
observed or appear to be present beneath excavations, we should be advised at 
once so that we can review these conditions and reconsider our 
recommendations where necessary. 
 
If there is a substantial lapse of time from the submittal of this report and the 
start of work at the site, or if conditions have changed due to natural causes or 
construction operations at or adjacent to the site, we recommend that this report 
be reviewed to determine the applicability of the conclusions and 
recommendations considering the changed conditions and time lapse. 
 
The scope of the exploration reported herein did not include any environmental 
assessment or investigation for the presence or absence of hazardous or toxic 
materials in the soil, ground water, or air on, around, or beneath this site. Any 
notations or statements in this report, including notes on the boring log, 
regarding odors or unusual conditions observed are strictly presented for 
informational purposes only and are not intended as a definitive assessment of 
potential contaminants present. 
 
We recommend that we be retained to review those portions of the plans and 
specifications which pertain to foundations and earthwork to determine if they 
are consistent with our recommendations. In addition, we are available to 
observe construction, particularly construction of foundations, site grading, and 
earthwork. We would also be available to make such other field observations as 
may be necessary. 
 
This report was prepared for the exclusive use of the owner, architect, and 
engineer for evaluating the design of the structure as it relates to the geotechnical 
aspects discussed herein. It should be made available to prospective contractors 
for information on factual data only and not as a warranty of subsurface 
conditions included in this report. Unanticipated soil conditions are commonly 
encountered and cannot be fully determined by taking soil samples from the 
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borings. Such unexpected conditions require that additional expense should be 
made to attain a properly constructed project. Therefore, some contingency fund 
is recommended to accommodate such potential extra costs. 
 
 
 
 

* * * * * 
 
 
 
 
The following are made part of and complete this report: 
 

Figure 1: Boring Plan 
Figure 2: Rock Cut Section 
Field Classification System 
Engineering Rock Mass Classification System 
Log of Boring 1 
Rock Core Photographs 

 
We appreciate the opportunity to be of service to you on this project. If we may 
be of further assistance, such as providing our quality control testing and 
observation services during construction, please call. 
 
 
Very truly yours, 
MIDWEST TESTING 
 
 
Michael L. Hackmeister, P.E. 
Project Engineer 
 
MLH/RDL/ 
 
Electronic copy: Arnold Rifle & Pistol Club/Jere Wilmering 







FIELD CLASSIFICATION SYSTEM 
 
 
 
BORING METHOD SHEAR STRENGTH DATA 
 
 HSA Hollow-stem auger UC Unconfined compression 
 CFA Continuous-flight auger TX-UU Unconsolidated-undrained triaxial 
 RB Rollerbit TX-CU Consolidated-undrained triaxial 
 MR Mud rotary V Miniature vane 
 RC Rock coring FV Field vane 
 CA Casing advancer T Torvane 
 DC Driven casing PP Pocket penetrometer 
 HA Hand-auger SCP Static cone penetrometer 
 
SOIL PARTICLE SIZE 
 

 
 
STANDARD PENETRATION TEST (ASTM D 1586) 
 

Driving a 3.0-inch O.D. split-spoon sampler 18 inches with a 140-pound hammer free-falling a 
distance of 30 inches. The number of blows to drive the sampler these three successive 6-
inch increments is recorded; the sum of the last two increments being the N-value. 

 
N-VALUE & SHEAR STRENGTH CORRELATIONS 
 

Granular Soils Cohesive Soils 
 

 N-Value Relative Density N-Value Shear Strength, tsf      Consistency 
  0-2 < 0.125  Very soft 
0-4 Very loose 3-4 0.125 – 0.25 Soft 
5-10 Loose 5-8 0.25 – 0.5  Medium stiff 
11-30 Medium dense 9-15 0.5– 1.0  Stiff 
31-50 Dense 16-30 1.0 – 2.0  Very stiff 
Over 50 Very dense Over 30 > 2.0   Hard 

 
SOIL CLASSIFICATIONS of samples are made by visual inspection and/or laboratory test results 
in accordance with the Unified Soil Classification System, the symbol of which is indicated in 
parentheses following the description. 
 
RELATIVE PROPORTIONS are indicated by the following descriptive terms: trace (0-15%), 
some (15-35%), and (35-50%). 
 
STRATA CHANGES are indicated on the boring logs by horizontal lines.  A solid line represents 
an observed change while a dashed line indicates an estimated change. 
 
GROUND WATER OBSERVATIONS are made at the times and under the conditions stated on 
the boring logs.  Fluctuations may occur due to changes in precipitation, temperature, site 
topography, etc. 
 

MIDWEST TESTING 



ENGINEERING ROCK MASS CLASSIFICATION SYSTEM

INTACT ROCK STRENGTH1

Term

Unconfined Compressive
Strength

(Mpa)                   (ksf)
Field Estimation

Of Hardness

Extremely Strong
Very Strong
Strong
Moderately Strong
Moderately Weak
Weak
Very Weak

>200
100-200
50-100
12.5-50
5.0-12.5
1.25-5.0
0.4-1.25

>4200
2100-4200
1050-2100
250-1050
100-250
30-100
10-30

Several blows of geologic hammer required to break specimen.
More than one blow of hammer required to break specimen.
Hand held specimen can be broken with single blow of hammer.
Indentation of 5 mm with sharp end of pick.
Too hard to cut by hand into a compression test specimen.
Materials crumble under firm blows with the sharp end of pick.
Brittle or tough; may be broken by hand with difficulty.

WEATHERING

Fresh - Rock fresh with few joints and may show slight staining.
Moderate - Significant portions of rock show discoloration and weathering affects and show significant loss

  of strength compared with fresh rock.
Severe - Rock shows severe loss of strength and can be excavated with geologist’s pick.
Very Severe - Mass effectively reduced to soil with only fragments of strong rock remaining.

RELATIONSHIP OF RQD AND ROCK QUALITY2

Very Poor - 0 to 25 percent RQD
Poor - 25 to 50 percent RQD
Fair - 50 to 75 percent RQD
Good - 75 to 90 percent RQD
Excellent - 90 to 100 percent RQD

RQD, Rock Quality Designation, is the percentage ratio of the total length of intact core specimens 4 in. or longer to the total
length of the core run.

DISCONTINUITY SURFACE AND MICROSTRUCTURE SPACING3

Description for
Bedding Planes

Spacing
(mm)

Descriptions for Joints,
Faults or Other Fractures

Very Thickly Bedded
Thickly Bedded
Medium Bedded
Thinly Bedded

Very Thinly Bedded
Thickly Laminated
Thinly Laminated

>1000
300-1000
100-300
30-100
10-30
3-10
<3

Very Widely (Fractured or Jointed)
Widely

Medium
Closely

Very Closely
-
-

JOINT ROUGHNESS CLASSIFICATION

Classification Description

Smooth
Slightly Rough
Medium Rough
Rough
Very Rough

Appears smooth and is smooth to the touch. May be slickensided.
Asperities on the fracture surfaces are visible and can be distinctly felt.
Asperities are clearly visible and fracture surface feels abrasive.
Large angular asperities can be seen. Some ridge and angle steps are evident.
Near vertical steps and ridges occur on the fracture surface.

REFERENCES

1. Geologic Society Engineering Group, 1977
2. Deere, et. al. 1967
3. AEG Committee on Core Logging, 1976

MIDWEST TESTING, INC.
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