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Geotechnical Engineering and Geology

May 15, 2015

Mrs. Shawn Ankeny
P.O. Box 11062
Jackson, WY 83002

RE: GEOTECHNICAL INVESTIGATION REPORT FOR NEW RESIDENTIAL
CONSTRUCTION AT LOT 10 RIVER MEADOWS SUBDIVISION, TETON COUNTY,
WYOMING

Dear Shawn:

We are pleased to present this geotechnical investigation report for the proposed new residence at Lot 10
of the River Meadows subdivision in Teton County, Wyoming. The report describes site conditions and
presents conclusions and recommendations to support design and construction of foundation elements.

In summary, the site is covered by a deep deposit of loess (i.e. windblown silt) greater than 23-ft thick in
some areas. Loess is subject to collapse when wetted and building directly on these soils is not

recommended without taking measures to reduce the risk of damage associated with collapsible soils.

If you have any questions about this report, or if we may provide other services to you, please contact us.
As the project progresses, we will be available to answer questions.

Respectfully submitted,

Ray Womack, P.E., P.G.
Enclosure: Report

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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Geotechnical Engineering and Geology

1.0 EXECUTIVE SUMMARY

Lot 10 of the River Meadows subdivision is about 3.5 miles south of the town of Wilson, Wyoming, in
Teton County. The subsurface of the site is characterized by Quaternary age glacial terrace deposits (Qtg)
consisting of loess (i.e. windblown silt) overlying dense glacial gravel and cobbles. The loess deposit at
the site is greater than 18-19 feet thick.

Loess is very susceptible to frost and is potentially subject to collapse when wetted. Distress to buildings
and landscaping founded on loess tends to be very episodic and structures lacking special treatment of the
loess may last for years without any problems. Damage typically occurs in the context of abrupt moisture
increases caused by broken water lines, landscaping defects, or poor site grading. In our opinion, the risk
of damage is too high and consequences too costly to ignore the potential collapse settlement of the native
subgrade. Loess is notorious worldwide for causing severe damage to buildings.

As such, this report recommends two options reducing risk to settlement damage: installing deep
foundation elements, such as helical piers, or over-excavation and re-compaction of the native loess.
Landscaping elements and hardscapes should also be designed to tolerate movement or be supported with
the same care as interior foundation elements. Landscapers and other designers should be provided this
geotechnical report and formally briefed about the necessity to manage drainage and grades at the site.
Building on loess is not without risk. No warranty of performance is made or implied.

Compaction of native fine-grained soils, either for engineered fill or exterior backfill, can be difficult and
should be tested during construction. This office is available to provide density testing and supervision
during fill placement. Should re-compacted native loess be used as structural fill, bearing capacities of is
3,000 psf and 5,500 psf for 16-inch wide footings buried at 4 feet bgs and 8 feet bgs, respectively. This
office should review the foundation design once completed. Heavy foundation loads and large footings
are not typically compatible with over-excavation. This office should be provided foundation plans for
review.

This summary does not replace the entire report. It is the responsibility of any contractors and designers to
read and understand the report in its entirety.

2.0 INTRODUCTION

Jorgensen Geotechnical, LLC, conducted a geotechnical site investigation at Lot 10 of the River
Meadows Subdivision in Teton County, Wyoming (Figure 1). The purposes were to observe soil and

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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Geotechnical Engineering and Geology

groundwater conditions, evaluate soil-engineering properties, and to provide recommendations to support
design and construction of foundation and drainage elements. The scope of services included excavating
and logging two exploratory test pits, engineering analyses, and generating this geotechnical investigation
report.

3.0 PROPOSED CONSTRUCTION

Design of the new residence is still in the early stages and preliminary plans were not available at the time
of this report. It is our understanding that the proposed residence will have two floors. The lot comprises
0.38 acres and we understand the house will occupy a substantial portion of it. Woodchuck Road is the
existing access up the slope from South Fall Creek Road. Most of the lot is timbered and at the time of the
investigation no improvements had been made on the lot.

4.0 INVESTIGATION PROCEDURE

4.1 Field Investigation

The field investigation was conducted on April 28, 2015. Two test pits were excavated to depths of about
18 and 19 feet below the ground surface (bgs). Excavation of the test pits was terminated at the limits of
the excavation equipment. Soil type, thickness, consistency, and relative moisture content were observed
and documented by a staff Geotechnical Engineer. Site conditions may vary and actual soil conditions
may differ from those represented in the exploration logs. Test pit locations are shown on Figure 2 and
test pit logs are presented graphically in Appendix A.

4.2 Laboratory Analyses
Laboratory tests were not performed for the site due to our familiarity with the loess; our office has tested
similar soils from sites nearby.

4.3  Report Preparation

The report describes the geological site conditions and includes a site location and geologic map, and test
pit logs. The report provides engineering analyses and preliminary recommendations for construction of
foundation elements.

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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Qtg - Terrace Gravel

Qfp - Flood Plain Deposit

From Love et al, 2000, Geologic Map of the TetonVillage Quadrangle, Teton County, Wyoming, MapLMS-2
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Geotechnical Engineering and Geology

5.0 SITE CONDITIONS

5.1 Description

Lot 10 of the River Meadows subdivision is located approximately 3.5 miles south of Wilson, Wyoming
on the eastern flank of the Snake River Range in Teton County (Figure 1). The project site is located on a
gently-sloping bench above the west side of South Fall Creek Road. The bench is about 70 feet higher
than the valley floor and features steep slopes to the south. The lot sits at an approximate elevation of
6,215 feet above mean sea level

52  Geology

Figure 1 is a generalized geologic map of the Jackson Quadrangle (Love and Albee, 1972), which shows
the location and type of surface deposits, bedrock units, and geologic structures (i.e., faults and rock
orientations). This portion of Jackson Hole is mapped as undifferentiated Quaternary-aged terrace
deposits (Qtg), consisting of loess overlying glacial gravel and cobbles. Soils encountered at the site are
consistent with the mapped units.

In 1972, Love and Albee mapped a “postulated” portion of the Teton Fault just east of the property, as
evidenced by the steep drop from the bench down to the Snake River floodplain (Figure 1). The dotted
portion indicates that the fault contact is concealed. Current thinking assumes the fault ends at Teton Pass.
However, the site is subject to earthquake shaking and additional seismic discussion is covered in Section
5.5 of this report.

5.3 Soils

Soils encountered at the site consist of loess, windblown silt that is susceptible to collapse when wetted
under load (such as building foundations). Loess was encountered in both of the test pits and the bottom
of the loess was not observed within the reach of the Hitachi Zaxis 160 trackhoe, or 19.3 feet bgs. The
loess is described as clayey silt, dry to moist, dark brown to buff/tan, soft to medium stiff, and massive.
Color and stiffness of the deposit varies widely with moisture content generally becoming lighter in color
and stiffer with depth (ie. less moisture influence from surface infiltration). Consolidation tests performed
on loess sampled nearby indicate the soil can collapse up to 6-8% of its volume when saturated under load
of 2,000 psf. For your convenience, we have provided an article regarding construction in loess soils in
Appendix B.

Glacial till is expected to underlie the loess, but the depth to the stony soils is not known. The glacial till
is likely from the older Bull Lake glacial period and is very dense and lime-cemented, providing a

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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Geotechnical Engineering and Geology

suitable bearing material for deep foundations, such as helical piers. The age of the till and our
observations in the area indicate the glacial terrace was exposed to an extended period of erosion prior to
deposition of the windblown loess; therefore the underlying gravel/cobble surface is likely to be uneven.

54 Groundwater

Groundwater was not encountered in the test pits and is expected to be over 50 feet in depth.

55  Earthquakes and Seismicity

Jackson Hole is located within the Intermountain Seismic Belt, a zone of seismicity that extends from
southern Utah through eastern Idaho and western Montana and encompasses western Wyoming including
the Teton Range (Smith and Arabasz, 1991). The Teton Fault is considered an important structural
element of the Intermountain Seismic Belt. Machette suggested that the “active” portion of the Teton fault
terminates north of Wilson near Phillips Canyon and estimates that slip rates along the active fault north
of Phillips Canyon are less than 0.2 mm/yr (i.e., very low).

Ground motion accelerations and spectral response were derived for the project site in accordance with
the general procedure defined in the 2012 International Building Code (IBC). The provisions of the IBC
are intended to provide uniform levels of performance for structures, depending on their occupancy and
use, and the risk inherent to their failure. The approach adopted in the IBC is intended to provide a
uniform margin of safety against collapse at the design ground motion. The design earthquake ground
motion is selected at a ground shaking level that is 2/3 of the maximum considered earthquake (MCE)
ground motion, which has a likelihood of exceedance of 2 percent in 50 years (a return period of about
2,500 years). The Site Ground Motion and Spectral response is presented in Figure 3. The owner should
be aware that the IBC is not intended to prevent damage or loss of function during a major earthquake. It
is intended to reduce the risk of loss of life.

56  Geologic Hazards and Liquefaction

The owner should be aware that in the event of a large magnitude earthquake, there are several geologic
hazards that could potentially cause damage to structures (Smith et al, 1993). Potential hazards at this site
might include strong ground shaking, ground cracking, and surface rupture along a concealed fault trace.
The owners may wish to consider the option of carrying earthquake insurance in addition to homeowner's
insurance.

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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Geotechnical Engineering and Geology

6.0 ENGINEERING ANALYSES AND RECOMMENDATIONS

6.1 Settlement

Loess may collapse when wetted, indicating that differential settlement may cause damage to the
residence if soils below footing depth become wet. Collapse settlement tends to occur locally, as a result
of unusual moisture events, such as broken sprinkler or water service lines, or concentration of surface
water adjacent to foundations due to poor surface runoff control. Collapse settlement is usually highly
differential and therefore particularly damaging. In our opinion, it should be assumed that the loess
encountered at the site is collapsible and should be addressed accordingly. We recommend two
foundation options to reduce the risk of excessive differential settlement: deep foundation elements or
over-excavation and re-compaction of the native loess.

6.1.1 Helical Piers

We recommend foundations consisting of grade beams supported by deep foundation elements, such as
helical piers. Helical piers and grade beam foundations will allow very little vertical movement of
structural elements. Installation of helical piers is likely to be more viable and economical than over-
excavation and replacement of the collapsible loess. Helical piers should bear directly on the stony glacial
deposits. Designing the building with a basement will decrease the length of the individual piers.
However, please note that the depth to the glacial outwash gravel may be greater than 10 feet even from
the bottom of a typical basement.

Helical piers may accommodate allowable loads of 25 to 50 kips, depending on the product chosen. The
Structural Engineer should provide the spacing and placement of piers. 50 kip design compression loads
have been used successfully in many places in Jackson Hole with similar ground conditions. Test piers
would aid in determining the depth required and expected available bearing capacity (i.e., better estimate
of cost per pier) and are strongly recommended. Since the depth to the glacial till is unknown across the
project site, test piers should be installed as soon as possible as the design process may require alteration
based on test pier results. Installation of all piers, including test piers, should be observed by a
representative of this office. It will be the responsibility of the helical pier installer to bring appropriate
test equipment to the site. If the contractor is retained for installation of production piers, they will often
credit the cost of test piers.

Experience indicates that piers are likely to reach “refusal” within short distances of encountering the
gravel/cobble, sometimes before the pier reaches design torque. Testing of production piers should verify
tensile capacity.

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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6.1.2 Over-Excavation and Re-Compaction of Collapsible Soil
If deep foundations are not employed, building foundations should still be placed on engineered fills. This

office recommends over-excavating the fine-grained soil and re-compacting with careful moisture-density
control. It should be noted that this method should only be performed with great care as moisture
control and compaction is very difficult. An excavation contractor familiar with such a process
should be selected. Also, heavy foundation loads imposed by design snow loads and large footings are
not typically compatible with over-excavation. This office should be provided foundation plans for
review.

If construction begins in the spring or early summer, snowmelt and surface water runoff may be
problematical. Freezing temperatures in the fall or winter also pose problems with moisture control. The
most common cause of foundation failure is wetting of soils below foundations. Therefore, temporary
drainage diversions may be necessary to divert water from the foundation excavations. Careful planning
of foundation construction is required to maintain positive drainage across the site.

Topsoil and loess should be over-excavated from beneath the footings and at least one footing width on
the outside of the footings, as shown in Figure 4. It may be easier and certainly safer to over-excavate
below the entire footprint of the building; i.e., below both footings and slabs Contractors often prefer to
use pit run as replacement fill because pit run is likely to be easier to compact and less sensitive to
moisture content. However, the pit run may act as a moisture sink and cause wetting of the adjacent
fine-grained soil.

It is preferable to compact the natural soil, because it is compatible with the remaining subgrade material
and less vulnerable to collection of fugitive water. If natural soils are compacted, a minimum dry density
of 96% ASTM D 698 is recommended in the zones of influence of foundations. It may be difficult to
meet the standard in the first lift or two because the compactor will be working against uncompacted soil.
Testing should occur in each compacted lift.

Natural soils should be compacted near or slightly wet of optimum moisture content, between -1% and
+3% of optimum. If the material is compacted dry of optimum it may still be collapsible. It is also very
important to follow proper procedures for moisture blending and compaction. Soils must be thoroughly
mixed with water at the surface and turned several times using a grader or disk. It is unacceptable to
place fill lifts and spray the material in the excavation. The water will penetrate only a short distance
into the lift and the material will compact poorly. It is also important to provide density testing and
supervision during fill placement, which this office is available to provide.

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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Geotechnical Engineering and Geology

6.2 Bearing Capacity

Bearing capacity of soil refers to its ability to resist shear failure under load. The bearing capacity of re-
compacted loess (should foundation option 6.1.2 be chosen) was estimated using Terzaghi’s bearing
capacity equation for strip footings (Bowles, 1996) and is 3,000 psf and 5,500 psf for footings buried at 4
feet bgs and 8 feet bgs, respectively. This assumes that 16-inch wide strip footings are used and that the
soil has a unit weight of 110 pcf and an internal friction angle of 28 degrees. If the final design has
conditions other than those calculated, please contact this office to reassess the new bearing
capacities.

6.3 Lateral Loads on Foundation Walls

Table 6-1: Lateral Pressure Parameters for Compacted Exterior Loess Backfill

Condition Coefficient of Earth Pressure YK (equivalent fluid
pressure)
. . =0.53 =58 pef
Static Conditions K Ko pe
K,=0.36 vK, =40 pcf
Level Backfill*
K,=2.77 vK,= 305 pcf
Earthquake Conditions K,=0.43 vKqe = 48 pef
Level Backfill* Kpe=2.58 YKo = 284 pef

*assumes a soil unit weight of 110 pcf with a friction angle of 28 degrees.

Research has indicated that lateral pressures due to earthquakes are non-hydrostatic in distribution, and
the resultant acts above the lower third-point of the wall (Bakeer, et al., 1990). Accordingly, active soil
pressures have been divided into two components that act at different wall heights. The static force
(defined by YK, = 40 pcf) acts at the lower third-point. The Mononobe-Okabe equations were used to
estimate dynamic forces against retaining walls and applied using half the maximum horizontal
acceleration (Bowles, 1996; Hynes and Franklin, 1984; Whitman, 1990). The dynamic component is
estimated as 0.5%(yK,. — yK,), which is approximately 4.0 H*> pounds per foot of wall applied at 60% of
the wall height.

Passive earth pressures were calculated using the Coulomb and Mononobe-Okabe equations (Bowles,
1996). At rest earth pressures (defined by YK, = 58 pcf) assume a horizontal ground surface behind the
foundation wall. Use the at-rest pressure or the active pressure under seismic conditions for foundation
wall design, whichever results in the higher resultant loads.

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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6.4 Soil Friction

A friction factor of 0.53, which is the tangent of 28 degrees, is suggested to calculate soil friction for
design of concrete structures in contact with fine-grained (loess) subgrade. The friction value may be
combined with the passive pressure to resist horizontal loads.

6.5  Excavation and Cut Slope Stability

OSHA regulations (29CFR1926) appear to classify the loess subgrade material at the site as Type A soil.
Simple cut slopes should be no steeper than 0.75H:1V (53 degrees). If the loess soil is found to be
fissured, as is often the case, cut slopes should be no steeper than 1H:1V (45 degrees). According to
OSHA regulations, any cut slope greater than 20 feet in height would require additional analysis. The
contractor shall be responsible for adherence to OSHA and other safety regulations.

6.6  Final Grading

Properly compacted backfill and site drainage are extremely important. Final grading should provide
positive drainage of at least 0.5 foot in the first 10 feet away from the structure. Adequate gutters are
strongly recommended. Roof runoff should be discharged at least 3 feet away from the building or
exterior slabs. Swales or other moisture collection points should be avoided if possible within 20 feet of
the footings. Drainage swales should slope a minimum of 2%. There should be no irrigation within 5 feet
of foundation walls. Irrigation pipes should be pressure tested when installed and checked annually for
leaks.

Exterior backfill around buildings should consist of site materials placed in lifts and compacted to a
standard of at least 92% Standard Proctor (ASTM D 698) and moisture-conditioned. Exterior fills should
be placed as early as possible. Finer-grained material should be used in the upper 2 feet of the exterior
backfill to provide a lower permeability cap. Utility trenches should also be backfilled in lifts and
compacted. Fine-grained soils require a sheepsfoot or padfoot roller. Final grading should provide
protection from frost. Do not over-compact exterior backfills against “green” foundation walls.

6.7 Interior Slabs-on-Grade

Interior slabs should be at least 4 inches thick, and any slabs bearing vehicles should be at least 6 inches
thick, or as approved by the structural engineer. Minor floor cracking of slab-on-grade construction is
difficult if not impossible to prevent. Such cracking is normal and should be expected to occur with time.
Buildings are almost never free of cracks, and cracking is caused by many factors other than soil
movement, such as concrete shrinkage, or daily and seasonal variability in temperature and humidity.

PO Box 9550, Jackson, Wyoming 83002
Office (307) 733-5150 Cell (307) 690-4033
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If interior slabs are placed over loess, an impermeable layer (usually plastic) is suggested beneath the
slab. The slab shall be underlain by 4 inches of clean drain gravel that will act as a capillary break to
reduce dampness. Two options are available to reduce the tendency for the concrete to crack or curl as it
dries. Three articles from the American Concrete Institute (ACI) that discuss these options are attached in
Appendix C.

1. A blotter layer may be placed under the slab. In the past, loose sand has been used for this
purpose, but is no longer recommended. A cover of 4 inches of trimmable, compactable, granular
material may be placed over the sheeting to receive the concrete slab. This material usually
consists of “crusher run material”, which varies in size from about 1.5-inch down to rock dust.
Alternatively, 3 inches of fine graded material such as crusher fines or manufactured sand may be
used.

2. The blotter layer may be eliminated if the concrete is reinforced properly. The attached article
entitled “Controlling Curling and Cracking in Floors to Receive Coverings” provides a discussion
of proper floor slab reinforcement. If the contractor needs additional guidance on reinforcement, a
Structural Engineer should provide it.

6.8 Exterior Slabs-on-Grade

Exterior slabs (sidewalks, patios, driveways, etc.) typically sustain the greatest damage. Cracking is
almost impossible to avoid, and freeze-thaw adds to the difficulty caused by soil movement. Exterior
slabs should be at least 4 inches thick, 6 inches if supporting vehicles, or as directed by the Structural
Engineer. Exterior slabs should not be tied to foundation walls as any movement of exterior slabs may be
transmitted to the foundation walls, resulting in damage. Posts for patios or other exterior columns should
not bear on exterior slabs. If the slabs settle or rise, the movement can be transmitted to the post, resulting
in damage to the structure.

The silty loess soils may cause particularly severe frost damage. It may be reasonable to simply assume
that exterior slabs will require periodic replacement as a maintenance item. exterior slabs bearing on the
loess at this site may be improved by over-excavation and re-compaction of 2-ft of native material with
tight moisture control (at least 95% ASTM D698 between -2 and +3% of optimum moisture) and seating
the slab on at least 6 inches (preferably 12 inches) of road mix gravel. A lightweight filter fabric may be
used to separate the gravel from silt, loess or organic topsoil. Alternatively, a more conservative, and
probably more effective, approach would be to remove all of the organic topsoil and silty material from
beneath the exterior slabs and replace with structural fill (sandy gravel pit run). Expansion joints are
recommended in all concrete flatwork.
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Landscaping elements placed on collapsible loess will be vulnerable to differential settlement.
“Hardscapes” that cannot tolerate movement are not recommended. Any sensitive exterior elements
should be supported by using the same care as interior elements. Loess is likely to perform poorly if the
moisture content of the subgrade increases.

If a large water feature (such as a pool, fountain, hot tub, etc.) is constructed in the loess, it should also be
supported on helical piers to provide the water feature’s foundation support. Plumbing attached to any
water features should be attached to the supported structure (e.g., the structural pool floor) to reduce the
chance for breakage, in the event that soil collapse occurs. Landscapers and water feature designers
should be provided the geotechnical report and formally briefed about the necessity to manage
water and grades at the site. Notes should be taken of meetings and instructions conveyed to all
designers.

6.9 Foundation or Basement Drains

Foundation or basement drains are strongly recommended because loess drains poorly and tends to collect
moisture. Two drainage alternatives are illustrated in Figure 5. One alternative is a prefabricated
composite drain, which consists of an open wick layer laminated to filter fabric to reduce infiltration of
soil. The exterior of the wall is damp-proofed and the drain is laid against the damp-proofing layer. The
excavation is backfilled with compacted site material and the drain is covered by at least 2 feet of
compacted site soil that is sloped to drain (minimum 5% for 10 feet).

The composite drain is wrapped around a perforated drain pipe at footing level. The drain pipe may slope
at a minimum of 0.5% and drain to daylight on the slope.

A second alternative involves placement of clean angular drain gravel or crushed stone between the
foundation wall and the edge of the excavation. Drainage tiles, perforated pipe, or other approved systems
should be installed at or below the area to be protected and should discharge by gravity or mechanical
means into an approved drainage system. The drain pipe should slope at a minimum of 0.5% and drain to
daylight or a sump. Gravel drains should extend at least 1 foot beyond the outside edge of the footing and
6 inches above the top of the footing. The gravel backfill is wrapped in an approved filter fabric. At least
2 feet of compacted fine-grained backfill (sloped to drain) is placed above the gravel envelope. The
advantage of this technique is that the gravel backfill can usually be placed without compaction, reducing
backfill cost and difficulty.
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It is important to place the foundation drains low enough to adequately collect and discharge any water
that may accumulate in utility trenches below the footings or in the gravel capillary break beneath
concrete floor slabs. Review final plans to assure that everything drains properly. Drains that are placed
too shallow or with insufficient gradient may fail to perform.

6.10 Ventilation and Treatment

Evaluation of radon was beyond the scope of this work; local codes should be followed and specialty
contractors employed, if necessary. Ventilation to reduce moisture and potential accumulation of radon
gas is required by code for inhabited spaces below grade. A capillary break layer may be necessary to
accommodate a radon vent pipe. The building contractor is ultimately responsible for following local
building codes.

6.11 Reinforcing, Utilities Testing, and Concrete Considerations

Footings, slabs, and foundation walls should be reinforced to resist differential movement. Consultation
with a Structural Engineer to specify adequate reinforcement is suggested. Water and sewer lines should
be pressure tested before backfilling. Exterior concrete should contain 5% to 7% entrained air.

6.12  Observation during Construction

A representative of this office should observe construction of any foundation or drainage elements
recommended in this report, especially deep foundation elements. Site grading, leak-proof testing, and
soil compaction should be observed by a representative of this office. Recommendations in this report are
contingent upon our involvement. If any unexpected soils or conditions are revealed during construction,
this office should be notified immediately to survey the conditions and make necessary modifications.

7.0 LIMITATIONS

This report has been prepared based on a limited amount of data. Actual site conditions may vary. The
conclusions and recommendations presented in this letter assume that site conditions are not substantially
different than expected. If subsurface conditions are different, Jorgensen Geotechnical, LLC should be
advised so that we can review those conditions and reconsider our recommendations where necessary.

This report was prepared for use by the owner and their representatives. It should be made available to
prospective contractors for information on factual data only and not as a warranty of subsurface
conditions. Any conclusions by a contractor or bidder relating to construction means, methods,
techniques, sequences or costs based upon the information provided in this report are not the
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responsibility of the Owner or Jorgensen Geotechnical, LLC.

These services have been performed in a manner consistent with the level of care and skill ordinarily
exercised by members of the profession currently practicing in this area under similar conditions.
Construction on potentially collapsible soils is not without risk. No warranty of performance is made or
implied.
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Controlling curling
and cracking in floors
to receive coverings

Do you worry about excessive cracking or curling in concrete floor
slabs placed directly on a vapor retarder? Here are some hints on
using reinforcing steel to minimize these defects and avoid floor-

covering failures.

By JeErrRY A. HoLLAND AND WAYNE WALKER

ecause of an increasing num-

ber of moisture-related floor-

covering failures in the past

several years, some designers

now recommend eliminating
the granular blotter layer that’s often
used between the concrete and the
vapor retarder or vapor barrier.
Though a blotter layer offers several
advantages, it can hold water from
many possible sources and cause
problems if the floor will receive
moisture-sensitive coverings such as
sheet vinyl, rubber, wood or similar
materials (see reference).

Many designers, however, are re-
luctant to place concrete directly on
a vapor retarder because they fear
the floor slab will curl or crack exces-
sively. These defects also can cause
floor-covering failures that, in some
cases, require remedial work after
the building is in service. However,
with the correct positioning and
amount of reinforcing steel, both
curling and cracking can be con-
trolled.

Positioning is key

Cracks in a slab-on-grade floor
surface are wider at the top than at
the bottom. For the best crack con-
trol, then, you want the reinforcing
steel to be as close to the surface as
possible. And you must be able to

Rebar in concrete slabs placed directly on a vapor retarder help to control slab
curling and cracking. Use supported deformed bars no smaller than #4, and space
the bars far enough apart so workers can step between them.

control the location of the steel so it
doesn’t change during floor con-
struction. Because of this, | prefer to
use supported deformed bars no
smaller than #4 instead of light-
gauge mesh. Smaller-diameter bars
are too limber, requiring too many
bar supports, and light-gauge mesh
is difficult to keep in the correct lo-
cation.

For a 5-inch-thick floor slab, I pre-
fer to use #4 bars near the top with 1
inch of clear cover, or #5 bars with
1% inches of clear cover. For #5 bars,

greater cover depth is needed to con-
trol plastic settlement cracking over
the bar.

Typically, | specify #4 bars spaced
18 inches on center both ways. This
amount of steel holds crack faces to-
gether tightly enough for nonrigid
floor coverings by maintaining ag-
gregate interlock and significantly
reducing slab curling. In some in-
stances, closer spacing or larger-
diameter bars may be needed. Con-
structability becomes an issue when
bar spacing is so close that workers



Compressible
isolation
joint material

2-ft long
<> #4 bars

Wide-flange
steel column

Concrete
column wash

Eliminate the normal isolation-joint box outs at wide-flange steel columns by
wrapping the column with compressible material and using 2-foot lengths of #4
bars (A) to control cracking at the reentrant corners. To speed up steel placement
at the columns, have the rebar supplier fabricate continuous #3 stirrups that work-
ers can easily bend open to fit around the column (B). In either case, the steel
should be positioned with a top-and-side clear cover of 1 inch.

can’t step into openings between
bars. Then larger-diameter bars may
be the better choice.

Eliminate joints

Because the reinforcing steel limits
crack width, I prefer to eliminate
contraction joints and the tradi-
tional diamond-shaped isolation
joints at columns when floors will
receive a covering. | suggest wrap-
ping wide-flange steel columns for
the full floor depth with %- to %-
inch-thick compressible isolation-
joint material. For floors receiving
coverings that won’t tolerate wide
cracks, such as ceramic tile, | also
suggest placing four 2-foot-long #4
bars near the floor surface, with a
top-and-side clear cover of 1 inch to
control reentrant-corner cracking
(Fig. A). As an alternative, the rebar
supplier can fabricate #3 bars as a
continuous stirrup that can easily be
bent open so the ironworker can fit
it around the column (Fig. B). This
speeds placement of the steel when
there are many columns to be
treated. The stirrups also should
have a 1-inch top-and-side clear
cover.

Carpeting or other floor coverings
can tolerate larger crack widths in
the concrete subfloor without no-
ticeable distress. When these cover-
ings are used, crack-control measures
at columns may not be needed. Sim-
ply wrap the columns to isolate
them from the slab.

Construction
considerations

Some designers use an upper and
lower layer of reinforcing steel in the
slab to control cracking at both the
top and bottom. However, bottom-
crack width doesn’t affect floor-cov-
ering performance. And some of the
advantages of these double layers of
rebar are offset by placement diffi-
culties; workers spreading the con-
crete have trouble stepping around
the rebar and may displace it during
concrete placement.

If the concrete is tailgated or
struck off by a self-propelled laser-
guided screed, ironworkers can lay
out a single layer of steel on the
vapor retarder and chair it up as con-
crete placement and strike-off pro-
ceeds. To prevent damage to the
vapor retarder, workers can lay down
thin sheets of plywood or several
folds of plastic sheeting beneath the
tires of the concrete truck or the
screed. These materials are then
moved back as the pour proceeds.
The same procedure will help pre-
vent damage to the vapor retarder if
motorized buggies are used to place
the concrete.

If the concrete is placed by pump
or conveyor, all the steel can be
chaired up before the pour begins,
provided there’s enough space be-
tween the rebar for workers’ feet. If
control of crack width requires rebar
spacings of a foot or less both ways, |

sometimes require placement of a
heavy-gauge welded-wire fabric
(4x4-inch spacing of 4-gauge wire)
on top of the bars. Workers can eas-
ily walk on this mesh without sink-
ing into the concrete or twisting
their ankles. The closely spaced
mesh wires improve crack control,
and the material cost is about the
same because you can reduce the
rebar diameter and maintain about
the same steel cross-sectional area.

Weighing the costs

Although controlling curling and
cracking by using rebar in the way
I’ve described increases project costs
by requiring more than the normal
amount of steel, part of this cost in-
crease is offset by savings in other
areas. You eliminate the costs associ-
ated with overexcavation to accom-
modate the blotter-layer thickness
and for purchasing, placing and
compacting the granular material
used for the layer. You also save
money because workers don’t have
to cut contraction joints and fill
them with a sealant. Nor do they
have to form and strip column box
outs and place the in-fill concrete
later.

Use of a blotter layer is still a vi-
able alternative for controlling curl-
ing and cracking. But if the floor will
receive a moisture-sensitive floor
covering and the blotter layer picks
up excessive moisture before, during
or after floor construction, a flooring
failure is likely. The cost of correct-
ing the failure almost always will be
much higher than the cost of using
more reinforcing steel. £=

Jerry A. Holland is structural engi-
neering consultant and Wayne Walk-
er is senior structural engineer for
Lockwood Greene Engineers Inc.,
Atlanta. Holland has more than 30
years of experience and Walker has
20 years of experience designing
and troubleshooting concrete slabs
on grade.
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Malisch, “Where to Locate the Vapor
Retarder,” Concrete Construction, May
1998, pp. 427-433.
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Where to place
the vapor retarder

For slabs on grade, should the vapor retarder be located
under a granular layer or directly under the concrete?
Here are the pros and cons of each location.

By BRuce A. SUPRENANT AND WARD R. MALISCH
|

n the real estate industry, location

is everything. The importance of

location also applies to a hotly

debated topic in the concrete in-

dustry—where to place the vapor
retarder (or vapor barrier) for slabs
on grade. Some specifiers require
concrete to be placed directly on the
vapor retarder, and others require
placement of a granular blotter layer
between the concrete and the vapor
retarder. Advocates of each option
argue that their preference results in
a better concrete slab.

Like all engineering decisions, the
location of a vapor retarder often is
a compromise between minimizing
water-vapor movement through the
slab and providing the desired short-
and long-term concrete properties.
However, specifiers must consider
the benefits and liabilities of the
choice they make.

The case for a
granular layer

Finishers prefer concrete placed
on a granular base because the base
absorbs mix water, shortens the
bleeding period and allows floating
to start earlier. Australian researchers
noted that 4%-inch-slump concrete
placed on a granular base lost its
bleedwater sheen about two hours

faster than the same concrete placed
directly on a vapor barrier (Ref. 1).
Base conditions also affect con-
crete stiffening. In tests performed
by The Aberdeen Group, 2%-inch-
slump concrete was used for two
4x4-foot, 4-inch-thick slabs. One slab
was placed directly on a vapor re-

tarder and the other on a crushed-
stone base. Technicians periodically
set a steel-shot-filled rubber boot
weighing 75 pounds on the surface
and measured the footprint indenta-
tion (Fig. 1). Concrete on the stone
base had stiffened enough after 90
minutes to allow a %-inch footprint

Figure 1. Concrete is generally considered to be ready for floating when finishers
leave a %-inch-deep footprint in the surface. Using a boot filled with steel shot (in-
set) to produce footprints, we found that 2%-inch-slump concrete placed on a
stone base was ready for floating about 45 minutes earlier than the same concrete

placed directly on a vapor retarder.




indentation, an indication that float-

ing could begin. Concrete placed di-

rectly on the vapor retarder required

45 more minutes of stiffening time

before it was ready for floating.
Specifiers who require a granular

blotter layer cite additional benefits,

saying there is less chance of :

® Puncturing the vapor retarder

m Surface blistering or delamina-
tions caused by an extended
bleeding period

m Settlement cracking over reinforc-
ing steel

® Slab curling during drying

® Cracking caused by plastic or dry-
ing shrinkage

Many specifiers recommend a 3-
or 4-inch-thick layer of trimmable,
compactible, self-draining granular
fill for the blotter layer. Although
concrete sand is sometimes recom-
mended, it doesn’t provide a stable
working platform. Concrete place-
ment and workers walking on the
sand can disturb the surface enough
to cause irregular floor thickness and
create sand lenses in the concrete.

The case for placing
concrete on a vapor retarder

Floor-covering contractors prefer to
install their products on concrete
slabs that are placed directly on a
vapor retarder. If the vapor retarder ef-
fectively reduces moisture inflow
from external sources, only water in
the concrete pores must exit the slab.
They believe the often-required vapor-
emission rate of 3 pounds/1,000
square feet/24 hours is achieved faster
under these conditions. They also be-
lieve the uncovered vapor retarder
acts as a slip sheet, reducing slab re-
straint and thus reducing random
cracking.

Placing concrete directly on a
vapor retarder also eliminates a po-
tential water reservoir that’s created
when using a blotter layer. Because
more subgrade soil must be removed
to accommodate the additional 3- to
4-inch-thick blotter layer, the layer is
more likely to be placed below fin-
ished-grade level, thus increasing the
chance of its holding water.

Specifiers who require concrete to

Table 1. Amount of water in granular layer

per 1,000 square feet of floor*

Layer Water Water Total

thickness absorbed in voids water
2in. 220 lbs 2,080 Ibs 2,300 Ibs
3in. 330 Ibs 3,120 Ibs 3,450 Ibs
4in. 440 lbs 4,160 Ibs 4,600 Ibs

*Well-graded, compactible granular-base material with assumed density of 130 pounds per cu-
bic foot, 1% absorption capacity and 20% voids. A 7% to 8% moisture content would normally
be needed to achieve the compaction density typically required.

be placed directly on the vapor re-

tarder cite these additional advan-

tages:

B Reduced costs because of less exca-
vation and no need for additional
granular material

m Better curing of the slab bottom,
since the vapor retarder minimizes
moisture loss

® Less chance of floor moisture
problems caused by water being
trapped in the granular layer

® Less radon-gas infiltration

These specifiers recommend using
a low water-cement-ratio concrete
and water-reducing admixtures to re-
duce bleeding, shrinkage and curling
of concrete placed directly on the
vapor retarder. They believe the
higher-quality concrete and better
curing reduces cracking and pro-
duces a better floor.

Granular layer as
a water reservoir

When a low-permeability floor
covering will be installed on a con-
crete floor, special care is needed
during construction to control mois-
ture content of the subgrade, sub-
base or granular layer (if used over
the vapor retarder). It’s best to place
the floor after the building is en-
closed and the roof is watertight. On
many projects, however, this isn’t
possible, and the granular layer can
become a water reservoir.

Water sources and access points.
To provide unrestricted floor access
for construction activities such as

tilt-up panel forming and casting,
columns sometimes aren’t erected
and column blockouts aren’t filled
until months after floor placement.
But rainwater can enter column
blockouts that are left open. It can
also penetrate joints and cracks, util-
ity penetrations or open closure
strips, and increase the moisture
content of the subgrade, capillary
break or granular layer.

Excessive sprinkling of a granular
layer before concrete placement can
create a moisture reservoir that will
delay drying of the concrete floor.
ACI 302.1R-96 (Ref. 2) recommends
that the base be dry at the time of
concreting unless severe drying con-
ditions exist.

Wet-curing methods such as
ponding or continuous sprinkling
allow water to enter joints, cracks
and other openings, again contribut-
ing to a higher than necessary mois-
ture content beneath the floor slab.

Water from construction opera-
tions on a newly placed slab also can
increase the granular-layer moisture
content by entering joints, cracks or
slab openings. Such operations in-
clude joint sawing, abrasive wet
blasting or wet grinding, which may
be needed to achieve a flatter floor
profile. Sometimes power washing is
used to clean debris or other conta-
minants from the floor.

Most slabs are constructed using a
strip-placement sequence that leaves
the granular layer exposed to rain-
water in uncompleted portions of



the slab. Rollings (Ref. 3) determined
that a tile-floor failure was caused by
rainwater accumulating in a 3-inch-
thick sand layer placed between a 5-
inch-thick concrete slab and a poly-
ethylene vapor retarder. One portion
of the slab had been left uncom-
pleted for an extended period, ex-
posing the sand layer to prolonged
rain and turning it into a reservoir of
trapped water.

Water capacity of the granular
layer. Table 1 shows the maxi-
mum amount of water that can be
held in a layer of well-graded,
compactible granular-base-course
material of various thicknesses. If
the floor concrete contained 250
pounds of mix water per cubic
yard, 1,000 square feet of 6-inch-
thick floor would contain 4,630
pounds of mix water. As shown in
Table 1, a 4-inch-thick granular
layer under the floor can contain
about the same amount of water.
And if sand or other high-void-
content granular materials are
used, the water capacity is much
higher.

If the 250 pounds of mix water are
used in concrete with a water-ce-
ment ratio of 0.50, about 100
pounds of the water will be free wa-
ter that must evaporate as the floor
dries (Ref. 4). Thus a 6-inch-thick,
1,000-square-foot floor slab would
hold 1,850 pounds of free (evap-
orable) water.

Based on Brewer’s work (Ref. 5), it
would take about 82 days, or roughly
three months, for enough free water
to evaporate and produce a water-va-
por emission rate of 3 Ibs/1,000 sf/24
hours. A saturated 2-inch-thick granu-
lar layer would need to lose as much
water as the concrete. And the water
in the layer must move through the
concrete. Thus it’s likely that a 2-inch-
thick saturated, well-graded granular
layer could double the time required
for the slab vapor-emission rate to
reach 3 Ibs/1,000 sf/ 24 hrs. It could
even prevent the slab from ever reach-
ing that emission rate.

Figure 2. This flow chart helps designers decide if a vapor retarder or barrier is

needed and where it should be placed.

Weighing the alternatives

Consulting engineers Jerry
Holland and Wayne Walker,
Lockwood-Greene Engineers,
Atlanta, have developed a flow
chart to help designers decide if a
vapor retarder is required and, if
so, where to place it (Fig. 2).

The chart gives designers the fol-
lowing three options based on the
floor’s in-service environment and
the presence or absence of a vapor-
sensitive floor covering:

m Use no vapor retarder

m Use a vapor retarder directly be-
low the slab

® Sandwich a granular layer between
the vapor retarder and the slab

ACI Committee 360 is consider-
ing inclusion of the flow chart in
ACI 360R, Design of Slabs on Grade.
Because curling is a major concern
when concrete is placed directly on
the vapor retarder or barrier, notes

in the flow chart will provide sug-
gested design options for minimiz-
ing curling effects.

Establishing responsibility
for moisture-related floor
problems

Consider the following scenario
based on a concrete subcontractor’s
actual experience. The subcontractor
places and finishes a concrete floor.
Flatness and levelness measurements
show specification compliance, and
test reports indicate the 28-day com-
pressive strength is acceptable. He
leaves the job and submits his bill.

Two months later, he’s called back by
the general contractor. Rainwater has
penetrated the slab, which has curled.
The floor-covering contractor is con-
cerned about high water-vapor emis-
sion rates, and the general contractor
worries that the required slab drying
time will delay project completion.



The concrete subcontractor is

being held responsible for:

® Curling, even though floor flatness
met specifications when measured
within 72 hours after concrete
placement as required by ACI 117-
90, Standard Specification for Toler-
ances for Concrete Construction and
Materials

® Protecting the slab from external
moisture, even though he has
completed all the concrete work
and is no longer at the site

® Water-vapor emissions from the
slab, even though the general con-
tractor followed specification re-
quirements by placing a granular
layer over a vapor retarder

® Delays in completion of the pro-
ject due to these problems

Sound familiar? On this project, the
floor contractor returned at his own
expense to grind the slabs and mini-
mize curl. Luckily, he was able to con-
vince the design team that the other
issues were not his responsibility.

All of these issues should be re-
solved with the general contractor,

design team and owner before the
slab is placed. Concrete subcontrac-
tors should be held responsible for
flatness and levelness within the
time frame designated by ACI toler-
ance standards, but not longer. Gen-
eral contractors should be responsi-
ble for protecting the slab from
external moisture. Only they can co-
ordinate and direct the services of
the roofer, excavator and other sub-
contractors who can help to mini-
mize moisture infiltration. And, un-
like the concrete subcontractor, the
general is on the project from start
to finish.

Concrete subcontractors need to
resolve these issues at prepour plan-
ning meetings. If they don’t, they
had better be prepared for the phone
call telling them they’re responsible
for fixing problems caused by rain-
water infiltration. To avoid that call,
add the items discussed here to your
prepour conference checklist. £:

Editor’s note
Discussions, pro and con, for differ-
ing vapor-retarder installation op-
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tions are also given in ASTM E 1643,
Standard Practice for Installation of
Water Vapor Retarders Used in Con-
tact with Earth or Granular Fill under
Concrete Slabs.
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Don’t use loose sand
under concrete slabs

A thin, loose sand layer reduces subgrade
support, which can lead to increased slab
cracking and poor joint performance

By BRuce A. SUPRENANT AND WARD R. MALISCH
|

ver the past five years, we've
received phone calls from
contractors who had built
floors under which the spec-
ifier required a thin sand
layer, with no compaction require-
ment for the sand. The contractors
had been called back to repair cracks
and joints 6 to 24 months after the
slab was placed. The cracks didn’t
appear to be caused by drying
shrinkage, and the joints were show-
ing more than normal deterioration.

The problems occurred pri-
marily in slabs subjected to
forklift traffic.

The contractors were
being held responsible for
the repair costs, and they
asked, “Is it possible that
the sand layer reduces sub-
grade or subbase support,
causing cracking and poor

cal Figure 1. A technician applies load to a compact-
joint performance, espe- ed soil specimen in a CBR mold. Specimens were

cially under repeated load-  |oaded with and without sand layers to determine
ing such as forklift traffic?”  the effect of differing sand-layer thicknesses.

Table 1 Soil sample properties

Compaction test
Dry density (pcf)/moisture content (%) | (standard Proctor) Soil

Soil sample No sand 1-in. sand 2-in. sand Density/moisture | classification
1A 100.1/19.2 99.8/19.6 100.6/19.0 104.9 pcf/19.5% SC: A-6(5)
1B 100.1/19.7 99.7/19.8 99.8/19.6
2A 109.5/14.5 109.5/14.5 109.8/14.4 115.0 pcf/14.7% SC: A-6(3)
2B 109.3/14.6 109.5/14.6 109.4/14.7
3A 125.4/8.9 125.1/9.1 125.7/9.1 131.9 pcf/9.1% SC: A-2-4(0)
3B 125.2/9.0 125.1/9.2 125.3/9.0

The soil is a sand with silty clay and a trace of gravel. The SC is a sand-plastic fines soil classification based on the Unified Soil Classification Sys-
tem. The A-soil classification system is based on the AASHTO soil classification system.




We developed a testing program to
gather data that could help answer
this question.

Testing subgrade support

To assess the effect of a thin, loose
sand layer on subgrade support, we
performed duplicate California Bear-
ing Ratio tests (see “What’s a CBR
Test”) using three soil samples with
varying dry densities. Each test spec-
imen was tested with no sand, a 1-
inch sand layer and a 2-inch sand
layer. In addition, we placed 1- and
2-inch sand layers over a steel base
and tested that combination to show
how the sand would affect subgrade
support over a very stiff base.

To start the test, a technician
placed the soil into a 6-inch-diame-
ter cylinder mold and compacted it.
After compaction, he removed the
top extension collar and trimmed
the soil to a 4%-inch height. He then
inverted the mold and added a 10-
pound surcharge weight to the top

Table 2  Effect of a sand layer on measured CBR
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Figure 2. Interrelationships of CBR, k-values and soil classification (from Ref. 2).

surface. Consisting of steel discs

with holes in the center to accom-

What's a CBR test?

The California Bearing Ratio

test, described in ASTM D 1883
CBR value, % : .
Soil sample No sand 1-in. sand 2-in. sand (e 1) s el prerustreuion) e
commonly used to evaluate the
1A 4.0 2.6 1.0 potential strength of subgrade,
1B 4.0 3.1 21 subbase and base course mater-
ial. To perform the test, a techni-
Average 4.0 2.9 16 cian uses a cylindrical piston
% of no-sand value 100 73 40 with a 3-square-inch cross sec-
tion to penetrate the soil at a
2A 8.1 6.3 4.9 rate of 0.05 inch per minute. At
2B 8.0 5.6 3.9 each 0.1 inch penetration up to
Average 8.1 6.0 4.4 0.5 inch, the technician records
the stress needed to push the
% of no-sand value 100 74 o4 piston into the soil. The CBR
3A 11.4 4.6 25 value is the ratio of this stress at
different penetration levels to
< 115 .= 249 the bearing value of a standard
Average 115 4.7 2.6 crushed rock. In most cases, CBR
W 6 el vallie 100 a1 23 decreases as the p_enetratio_n in-
creases, so the ratio at 0.1-inch
Steel base - A 100* 52 2.5 penetration is used as the
Steel base - B 100 4.9 26 recorded CBR value. Sometimes
designers use this value to
Average 100 .1 2.6 choose an appropriate slab
% of no-sand value 100 5.1 2.6 thickness for anticipated load-
ings.

* Not tested; maximum CBR is 100.




modate the piston, the surcharge
weight is nearly equivalent to that of
a 4%-inch-thick concrete slab. At this
point in the test, it’s possible to in-
clude a four-day wet soaking period.
However, we omitted this step since
we weren’t interested in the CBR of a
wet subgrade.

The soil specimen contained in
the mold and loaded by the sur-
charge weights was placed in a test-
ing machine (Fig. 1) that applied
load to the piston. A technician
measured load and piston penetra-
tion distances and used the resulting
stress-vs.-penetration curve to com-
pute the CBR values.

To measure the sand-layer effect,
the technician placed loose concrete
sand in the mold to completely and
uniformly cover the compacted sub-
grade to a depth of 1 or 2 inches. For
the steel base used to simulate a stiff
base, the technician placed loose

Table 3 Effect of sand layer on k-values*
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Soil sample No sand 1-in. sand 2-in. sand
1A 100 50 10**
1B 100 75 25
Average 100 63 18**
% of no-sand value 100 63 18
2A 175 145 125
2B 175 135 100
Average 175 140 113
% of no-sand value 100 80 64
3A 210 125 50
3B 210 125 50
Average 210 125 50
% of no-sand value 100 60 24
Steel base - A 650** 125 50
Steel base - B 650 125 50
Average 650 125 50
% of no-sand value 100 19 8

*The k-value is a modulus of soil reaction in Ibs/in.? for a 30-inch-diameter plate and was esti-
mated using the CBR values shown in Table 2.

** Off the chart. In Figure 2, minimum k-value is 25 and maximum is 600. Since a CBR of 100

is possible, a k-value of 650 was estimated.

Figure 3. The example in this chart
shows that decreasing the k-value
from 200 to 50 increases the required
slab thickness about an inch. For
lighter loadings that yield a thinner
slab, the same k-value reduction
would still increase thickness about an
inch.

sand over the base and added the
surcharge weights before applying
load to the piston.

The density and moisture content
of the compacted specimens also
were determined. A comparison of
standard Proctor dry-density values
shown in Table 1 with the dry densi-
ties of the soil samples, also given in
the table, shows that all the CBR
specimens reached about 95% com-
paction. Great care was exercised in
making sure that the compacted
density for a set of specimens was es-
sentially the same. Thus, any mea-
sured changes in CBR value would
be the result of the presence of a
sand layer and not a change in speci-
men density.

For all the soil samples tested,
CBR values decreased dramatically
when a thin layer of loose sand was
placed over the compacted sample



(Table 2). The decrease was especially
large for the sand layer placed over
the steel base. For soil sample No. 1
(lowest density), the 1-inch and 2-
inch sand layers decreased CBR val-
ues to 73% and 40% of the original
values, respectively. For sample No.
3 (highest density), the CBR de-
creases were to 41% and 23% of the
original values.

The CBR values for sand layers
placed over a steel base provided an
interesting comparison. Percentage
loss in CBR was very high, but the
raw CBR values appear to show that
the highest-density soil provided al-
most as stiff a base as the steel when

a sand layer was added. The CBR val-
ues for the lowest-density soil with a
sand layer are lower, which is under-
standable given the weaker subgrade
support. The CBR values for soil
sample No. 2 don’t follow this pat-
tern, and we don’t know whether
this was the result of soil or sand
variability or the variability of the
test itself. The steel-base values do
seem to indicate that if a designer
uses a sand layer, the maximum CBR
values he could reasonably expect to
attain are about 5 and 2.5 for a 1- or
2-inch-thick layer, respectively.

Slab design: Using

There are many reasons for not
placing a sand layer under a con-
crete slab (Ref. 1). These include
difficulty in:

® Maintaining a flat, level sand
surface during concrete place-
ment

® Maintaining the specified rein-
forcing steel or dowel basket el-
evation due to sinking chair
supports

B Producing a uniform slab thick-
ness due to shifting sand dis-
placed by concrete

In addition, one engineer (Ref.
2) has linked a sand layer to poor
joint performance. He found that
under forklift traffic, shifting sand
beneath the joint resulted in re-
duced load-transfer efficiency
across the joint. This was espe-
cially true at joints where aggre-
gate interlock was the only means
of load transfer.

ACI 302.1R-96 (Ref. 3) also dis-
courages the use of a sand layer:
“Base material should be a com-
pactible, easy-to-trim, granular fill
that will remain stable and sup-
port construction traffic. The use
of so-called cushion sand or clean
sand with uniform particle size,
such as concrete sand meeting
ASTM C 33, will not be adequate.

Reasons to avoid using sand

This type of sand will be difficult,
if not impossible, to compact and
maintain until concrete place-
ment is complete.”

In revising its “Concrete In
Practice” series, the National
Ready Mixed Concrete Associa-
tion is eliminating references to a
sand layer and using ACI 302 ter-
minology for base material. But
specifiers still call for sand cush-
ions, and some articles and publi-
cations still suggest using a sand
layer under a concrete slab (Refs.
4 and 5).
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loose sand requires
more concrete

CBR values are sometimes used by
floor designers to estimate the mod-
ulus of soil reaction (Ibs/in.®%), or k-
value. Using Figure 2, we converted
the CBR values from our study to k-
values, as shown in Table 3. The k-
values are used in slab-thickness de-
sign charts to represent the support
of the underlying subgrade-subbase
combination.

Figure 3 is a design chart from the
Portland Cement Association’s com-
monly used slab-on-grade design
method. As Table 3 shows, the esti-
mated k-value for soil sample No. 3
decreased from 210 to 50 when a 2-
inch sand layer was used. The exam-
ple problem shown on the chart il-
lustrates the effect of this decrease.
For a k of 200, the design slab thick-
ness is about 11 inches, but for a k of
50 it increases to 12 inches (see Ref-
erence 3 for the complete example).
For lighter loadings that yield thin-
ner slabs, required thickness would
still increase by about an inch for a
k-value decrease from 200 to 50. For
soil sample No. 1, the average k-
value with a 2-inch sand layer is 18,
which is lower than the lowest value
(50) on the design chart.

What's the significance of an extra
inch of concrete floor thickness? A
value-engineering audit for a floor
design sometimes results in slab-
thickness decreases as small as %
inch. Increasing the thickness of a
100,000-square-foot warehouse floor
slab by 1 inch would cost about
$20,000. The cost of the extra con-
crete (more than 300 cubic yards)
would be about equal to what the
concrete floor contractor would be
paid for placing and finishing.

What happens if the concrete slab
is designed without considering the
effect of the sand layer? Based on
the design charts and other informa-
tion (Refs. 2 and 3) for the example
shown in Figure 3, the use of a loose
sand layer that decreases the k-value
from 200 to 50 would result in:

m A flexural stress increase of 25%
m A safety factor decrease from 2.0



to 1.6
B An actual flexural stress that ex-
ceeds the fatigue limit, meaning
that floor failure would now be
determined by load repetitions
rather than maximum load
® Failure at 14,000 load repetitions,
though the floor was designed for
an unlimited number of load repe-
titions
When specifiers require contrac-
tors to place concrete over a sand
layer, the contractors don’t know
if the designer has increased the slab
thickness to account for the weaker
sand-layer support shown by our
data. If the slab thickness wasn’t in-
creased, more later-age cracking and
poorer joint performance may result,
especially for slabs subjected to

CONCRETE CONSTRUCTION / MARCH 1999

heavy construction loads, such as
cranes or concrete trucks.

There are many good reasons for
not using a sand layer under a con-
crete slab (see sidebar). If specifica-
tions call for a sand layer, contrac-
tors should discuss the implications
with the architect and engineer be-
fore the project begins, and request
that the sand layer be replaced with
a compactible stone base. Based on
our data, repair costs for slabs placed
on thicker sand layers shouldn’t nec-
essarily be borne by the contractor.
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