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Abstract

An analysis of concrete slabs-on-grade as a means of anchorage for temporary bracing of
tilt-up concrete panels is presented within this report. A tilt-up concrete panel of 42 feet in
height, 26 feet in width, and 9.25 inches in thickness is a constant within the analysis, as is a
construction period wind speed of 80 mph. The thickness of the concrete slab-on-grade and the
subgrade material directly below the slab-on-grade are varied to achieve comparable results.

ASCE 7-16’s procedure for determining wind load outlined in chapter 29 and ASCE 37’s
provisions for construction period reductions in wind load are used to calculate the wind load on
the face of the tilt-up panel. This wind load is then translated into a force taken directly by the
temporary braces. This force transmitted through each brace is then divided into a vertical
component and a horizontal component upon anchorage to the slab-on-grade for analysis.

Two wind conditions are analyzed in the study, and each condition produces two
different potential failure mechanisms that must be studied. The first wind condition is wind
blowing on the exterior face of the panel. This wind condition causes the temporary braces to be
in compression. With the braces in the compression, the slab-on-grade can fail horizontally as a
result of slab sliding and vertically due to punching shear failure. The second wind condition is
wind blowing on the interior face of the panel. This wind condition causes the temporary braces
to be in tension. When the braces are in tension, pullout of the slab-on-grade anchor can occur,
and the slab-on-grade can be lifted up due to the overturning moment of the wind load on the
panel face.

The different subgrade materials analyzed in this report are gravel, sand, soil, and a vapor
retarder/barrier. The slab-on-grade thicknesses examined are 5-inch, 6-inch, and 8-inch. Each

subgrade material has a different coefficient of friction and will affect the slab-on-grade’s



resistance to sliding. The thickness of the slab-on-grade will affect the slab’s resistance to
sliding, punching shear, and overturning moment. This report outlines how each variable is
adjusted to determine the slab-on-grade’s adequacy as a means of anchorage for the temporary
panel bracing. Results of the study show that all thicknesses of the slab-on-grade and subgrade
conditions analyzed are adequate based on the assumed surface areas considered effective to
resist against slab sliding and overturning. It is recommended that physical testing be conducted
to determine exactly how the slab-on-grade acts at saw joint and control joint locations. The
study assumes that control joint locations are boundary limits of slab surface area effective to
resist against slab sliding, and it is also assumed that saw joint locations will not be subject to
slab overturning failure due to the steel reinforcing continuous across the saw joint location.

Both of these assumptions need to be studied and verified with physical testing.
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Chapter 1 - Introduction

This report focuses on the analysis of slab-on-grade anchorage for temporary bracing of
tilt-up concrete panels. Tilt-up concrete panel construction is a method of wall construction in
which concrete panels are formed and poured horizontally and then lifted, or tilted, upright into
their final resting position. Most within the construction industry are familiar with cast-in-place
(CIP) concrete walls that are formed vertically, and the concrete and reinforcement is placed
directly into the vertical forms. After the concrete has attained strength, the forms are removed,
and the process is complete. The key difference between CIP concrete walls and tilt-up concrete
wall panels is the position of the forms and their location relative to the wall’s final resting
position. CIP concrete walls are formed vertically in their final resting position while tilt-up
concrete wall panels are formed horizontally on a casting surface and must be lifted into their
final position. Tilt-up concrete panels are similar to precast concrete wall panels in that they are
both not cast-in-place, but precast wall panels are formed off-site whereas tilt-up panels are
formed on the job site (Tilt Wall, 2017). When tilt-up concrete panels are lifted into position,
they must be temporarily braced until foundation, floor, and roof connections are completed.
These temporary braces resist wind forces prior to the foundation and roof connections being
made. Due to the size and weight of tilt-up panels, and the potential danger in the event of a
collapse, the temporary braces are of upmost importance. As a result, the anchorage of these
braces is also of high importance. Three types of brace anchorage systems are common: slab-on-
grade anchors, helical ground anchors, and concrete deadmen (Steinbicker, 2018). This report
focuses on the slab-on-grade anchorage system and analyze the forces transmitted from the
panel, through the brace, and into the slab. The forces transmitted from the brace are divided

into horizontal and vertical components. The horizontal component is analyzed to determine if



sliding of the slab-on-grade occurs. The vertical component is analyzed to determine if punching
shear occurs when applied downward and if anchor pullout or slab overturn occurs when applied
upward. Three slab-on-grade thicknesses are examined in this report: 5-inch, 6-inch, and 8-inch.
Additionally, four different subgrade conditions are analyzed: gravel, sand, soil, and vapor

retarder/barrier. The subgrade conditions affect the slab-on-grade’s resistance to sliding from the
horizontal component. The different slab-on-grade thicknesses will affect the slab’s resistance to

both the vertical and horizontal components of the force transmitted through the brace.
1.1 Objective

The objective of this report is to provide an analysis comparison of slab-on-grade
anchorage systems for temporary bracing of tilt-up concrete panels. The comparison considers
three different slab-on-grade thicknesses and four different subgrade conditions. The tilt-up

panel size, brace size, and wind force remain constant.
1.2 Scope of Report

This report contains five chapters. Chapter one provides the introduction, objective, and
scope of report. Chapter two offers a literature review of the basics of slab-on-grade design, tilt-
up concrete panel construction, temporary bracing requirements, and brace anchorage systems.
Chapter three outlines and describes the parametric study. Chapter four presents the discussion
& results found from analyzing the three different slab-on-grade thicknesses and four different

subgrade conditions. Chapter five describes the findings and conclusions of the study.



Chapter 2 - Literature Review

Tilt-up concrete panel construction is a rapidly growing industry, and, as its advantages
become more well known, its share of the construction market is expanding (Tilt-Up Concrete
Association, 2011). Although it is a non-traditional building method, it can “deliver quick
project completion, low construction costs, and versatile design” (Tilt Wall, 2017). However,
compared to cast-in-place concrete, steel, masonry, and timber structural systems, relatively
diminutive amount of research on the topic exists; specifically, design information regarding
slabs-on-grade as a method of temporary bracing anchorage for tilt-up concrete panels. Slabs-
on-grade are a common structural system at the ground level of many buildings, but they rarely
are exposed to the magnitude of loads applied from temporary bracing of tilt-up concrete panels.
Therefore, careful consideration and analyzation of these forces is needed.

2.1 Basics of Slab-on-Grade Design

Concrete is one of the most common building materials in construction around the world,
and one of its most common uses is in the form of a slab-on-grade. A slab-on-grade consists of a
concrete element supported by ground, with the main purpose to support the applied loads by
bearing on the soil. Slabs-on-grade are versatile structural elements that can be utilized in a
variety of situations. As noted in Bernard (2006), “slabs-on-grade are among the most common
types of structural members encountered in civil engineering design and construction and
account for a large proportion of ready-mixed concrete consumed in most nations.” While
common and versatile, the quantity of reinforcement and how slab-on-grades are constructed
varies.

Slabs-on-grade can be constructed with or without steel reinforcement (O’Dwyer, 2007).

The quantity of steel reinforcement influences the strength of slabs-on-grade to resisting different



types of loading conditions. Commonly, a slab-on-grade will resist both tensile and compressive
forces depending on the location within the slab. If resisting a load on its top surface, the upper
portion of the slab will be in compression while the lower portion will be in tension. Concrete is
strong and durable in compression but weak and brittle in tension. Steel reinforcement helps
concrete resist these tensile forces (O’Dwyer, 2007). Another function of reinforcing is to limit
shrinkage cracking as the slab-on-grade cures from its initial placement (O’Dwyer, 2007).

ACI 302 defines four basic types for construction of slabs-on-ground: (1) unreinforced
concrete slab; (2) slabs reinforced to limit crack widths due to shrinkage and temperature
restraint and applied loads using mild steel wire or bar reinforcement, or fiber reinforcement, all
with closely spaced joints and continuously reinforced slabs; (3) slabs reinforced to prevent
cracking due to shrinkage and temperature restraint and applied loads using shrinkage-
compensating concrete and post-tensioning; and (4) structural slabs (ACI Committee 302, 2015).
While slabs-on-grade for tilt-up buildings may have all of these types without the use of post-
tensioning, the focus of the report is slabs reinforced for crack-width control. The thickness is
designed to remain uncracked (plain concrete) when loaded and when cracking occurs shrinkage
crack widths between joints are controlled by a nominal quantity of distributed reinforcement
located in the upper third of the slab. Additionally, ACI 302 defines eight classes (class 1
through class 8) of floors based on intended use. Classes 1, 2, 4, 5, and 6 are single-course
monolithic floors involving some variation in joint detailing and final finishing techniques.
Class 5 is for industrial use with exposed surface with a hard steel-troweled finish. TCA
recommends this type of finish for the casting surface of tilt-up panels. Therefore, monolithic,
class 5 floor slabs-on-grade is the focus of this report. Classes 3, 7, and 8 consists of two-course

floors, which are outside the scope of this report.



To properly design slabs-on-grade, the following items need to be addressed: slabs-on-
grade design criteria; base and subbase materials, preparation, and vapor retarder/barrier;
concrete thickness; concrete compressive strength and flexural strength; concrete mixture
proportion requirements and ultimate drying shrinkage strain; joint locations and details;
reinforcement type, size, and location; surface finish; tolerances; concrete curing; joint filler
material and installation; special embedments; and testing requirements (ACI Committee 360,
2010). For this report, the components that are varied are the presence of base and subbase
materials, the use of a vapor retarder/barrier, and the concrete thicknesses and corresponding
temperature and shrinkage reinforcement size and location. The components of the slabs-on-
grade examined that are assumed constant for this report are: preparation and type of the
subbase and subgrade; concrete compressive strength and flexural strength; concrete mixture
proportion requirements and ultimate drying shrinkage strain; joint details and locations; surface
finish; tolerances; concrete curing; joint filler material and installation; special embedments; and
testing requirements. Therefore, these items are not discussed in detail within this report. Figure

2-1 indicates a slab-on-grade support system terminology.

LOAD VAPOR BARRIER
. /. 4 T SLAB
— BASE
— SUBBASE
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Figure 2-1: Slab Support System Terminology (Modified from ACI
Committee 360, 2010)



2.1.1 Loading

Slabs-on-grade are supported by compacted soil and are at ground level of the building
and therefore can be exposed to numerous loading conditions at different stages of the
construction process. Various types of loads may be imposed on a slab-on-grade: distributed
loads, concentrated loads, or moving loads. Distributed loads are a result of piles of materials
placed on the floor or pallets of product stacked next to each other. During the construction
process, moving loads are often applied to the slab. If a crane is needed for construction of the
building, it may be driven across the slab-on-grade, forcing the slab to resist this additional
weight. The additional weight of the crane would likely lead to an increase in slab thickness.
For the parametric study, no crane will be on the slab-on-grade, so the focus of the study will be
on the design of the slab for the brace forces. Moving loads can be seen after completion of the
building as well in the case of a vehicle driving across it or a forklift carrying pallets across a
warehouse floor. Concentrated loads can come in the form of parked vehicles, heavy objects
placed on the slab by a crane or forklift, or permanent storage racks supporting different products
and materials (Engelland, 2020a). Another scenario in which a slab-on-grade is subjected to a
concentrated load is when it is used as the anchorage system for tilt-up concrete panel temporary
bracing. The loads from the temporary brace are applied to the slab-on-grade at the angle of the
brace relative to the surface of the slab-on-grade. The vertical component of the load acts just
like a concentrated load applied at an angle perpendicular to the surface of the slab-on-grade.
This type of load is analyzed in the parametric study and checked against the slab’s punching

shear capacity.



2.1.2 Design

Stresses in slabs-on-ground result from both applied loads and volume changes of the soil
and concrete. The magnitude of these stresses depends on factors, such as degree of continuity,
subgrade strength and uniformity, method of construction, quality of construction, and
magnitude and position of the loads. Making simplifying assumptions with respect to material
properties and soil-structure interaction, the slab-on-grade can be evaluated. When it comes to
concrete slab-on-grade design, many methods can be utilized. This report is governed by the
American Concrete Institute (ACI) Building Code Requirements for Structural Concrete (ACI
318-19). Chapter 14 Plain Concrete is used in the design of the slab-on-grade. The slab-on-
grade is designed as plain concrete because it meets the requirements of section 14.1.3(a) that
states “members that are continuously supported by soil” may be designed as plain concrete
(ACI Committee 318, 2019). Table 14.5.5.1 provides equations to determine the nominal shear
strength of the slab-on-grade.

Several methods of design maybe used to determine the required slab-on-grade. Design
methods employ the modulus of subgrade reaction as a single property to represent the design
support strength. This modulus is a spring constant, k, assuming a linear response between load
and deformation form the subgrade (Westergaard, 1926). In actuality, no single subgrade spring
constant exists because of the nonlinear relationship between a normal compressive load and the
resulting deformation for an area. The load-deformation relationship depends on many factors:
the type of soil structure, density, moisture content, prior loading, the width and shape of the
loaded area, depth of the subgrade, and position under the slab. ASTM D1196 using plate load
field tests or American Association of State Highway Transportation Officials (AASHTO)

approach for rigid pavements may be used to estimate the subgrade modulus. Additionally, the



Corps of Engineers (COE) developed empirical relations between soil classification type,
California bearing ratio, and subgrade spring constants. All of these test methods and procedures
have been developed for pavements, not for slab-on-ground floors for buildings. Nevertheless,
correlations are widely used to approximate the subgrade support values for slab-on-ground
design and construction (ACI Committee 306, 2010). This subgrade spring constant can be used
in a finite element module to determine the slab-on-grade thickness and reinforcement required
for the applied loads.

Instead of computer modeling, empirical design aids based on the influence of modulus
of subgrade reaction has on the required slab thickness. Design charts of the Portland Cement
Association (PCA), Wire Reinforcement Institute (WRI), and COE assume continuous slab
contact with the base and a uniform subgrade modulus. Even though a continuous intimate
contact is not achievable in practice because of differences in composition, thickness, moisture
content, slab curling, and subgrade density, the curling stresses will be sufficiently low that the
PCI, WRI, and COE methods provide reasonable solutions (ACI Committee 306, 2010).

One method of concrete slab-on-grade design is that of design tables based on subgrade
conditions, concrete slab properties, spacing of concentrated loads, and effective contact area of
the concentrated loads. PCA Concrete Information’s article Slab Thickness Design for Industrial
Concrete Floors on Grade by Robert G. Packard is one example that provides these types of
design tables. Figure 2-2 shows an example of one of these design tables. This method of slab-
on-grade design for concentrated loads was used in Engelland’s (2020a) report on comparing
slab-on-grade design methods such as this one with more modern and advanced methods that
utilize computer analysis programs. Many of these design tables are dependent upon the

reinforcing assumed for the condition. The table used in Engelland’s (2020a) report, shown in



Figure 2-2, is based on conditions of either unreinforced slabs or slabs with temperature and
shrinkage steel only (Packard, 1976). Because unreinforced slabs are only economical when soil
conditions are adequate (Packard, 1776), Engelland’s (2020a) report proceeded with that
assumption and mirrored it when running the computer analysis for comparison. In the report, a
warehouse floor slab was analyzed. A post spacing of 95 inches was used (x and y dimensions
as shown in the design table), a concentrated (post) load of 2,000 pounds was applied, and a
contact area of 16 square inches was assumed. A compressive strength of 4,000 psi, subgrade
modulus (k) of 100 pounds per cubic inch, and safety factor of three were also used in the study.
A modulus of rupture, calculated by taking nine times the square root of the compressive
strength, of 569.21 pounds per square inch was calculated. This modulus of rupture was then
divided by the safety factor of three to obtain a working stress of 189.74 pounds per square inch.
The working stress was then divided by the concentrated load of 2,000 pounds to determine a
slab stress per 1,000 pounds of concentrated load of 94.87 pounds per square inch. This value,
along with the contact area of 16 square inches, was used to enter the design table. Upon
entering the table, a required slab thickness of 5 inches was determined by sliding over to the 95-
inch y-dimension line and sliding down to the 95-inch x-dimension line as shown by the red line
in Figure 2-2.

Numerous programs exist that can both analyze and design concrete slabs-on-grade based
on variable inputs. Engelland’s (2020a) report utilized RISA Foundation. RISA Foundation’s
program capabilities only allow it to design reinforced concrete slabs. To account for this,
Engelland (2020a) set the program’s reinforcement settings to its minimum area and maximum
spacing to mimic an unreinforced slab to make the comparison between the two methods more

accurate. Results of the study concluded that the design tables referenced in Packard’s PCA
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Fig. 7b. Design chart for post loads, subgrade k = 100 pci.
Figure 2-2: Example Design Table for Slab Design (Reproduced from Packard, 1976)

article were more conservative. The design tables yielded a required slab thickness of 5 inches
while RISA Foundation’s analysis came up with a required slab thickness of 3 inches
(Engelland, 2020a).

This comparison of analysis methods showing how concrete slabs-on-grade resist
concentrated loads is important to understand when considering how thick slabs-on-grade need
to be in order to resist anchorage forces from temporary bracing for tilt-up concrete panels. This
study also showed the importance of subgrade conditions when designing a slab-on-grade as the

design tables were based off a specific subgrade modulus, k. Slabs-on-grade that serve as an
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anchorage system for temporary tilt-up panel bracing can have a variety of different subgrade

conditions, each affecting how the slab performs.
2.2 Temporary Bracing Guidelines

On March 23, 2018, Tilt-Up Concrete Association (TCA) issued an update of TCA
Guideline for Temporary Wind Bracing of Tilt-Up Concrete Panels During Construction
authored by Joseph J. Steinbicker, P.E., S.E., FTCA. TCA originally published Bracing
Guidelines for Tilt-Up Concrete Construction in September 1994. The original publishing, as
well as its updates, were produced in response to the lack of specificity provided by the
Occupational Safety and Health Association’s (OSHA) standards for tilt-up concrete panels.
OSHA'’s requirements are as follows:

Requirements for Precast Concrete — 1926.704

1926.704(a) — Precast concrete wall units, structural framing, and tilt-up wall panels

shall be adequately supported to prevent overturning and to prevent collapse until

permanent connections are completed. (Occupational Safety and Health Administration

[OSHA], 2003)

OSHA does not specify exactly how to prevent tilt-up panels from collapsing or
overturning. According to Steinbicker, this is the primary reason why the TCA developed a
temporary bracing guideline to be used by the tilt-up construction industry as a recognized
standard. TCA’s guideline establishes that life safety is the primary objective of the provisions
for temporary wind bracing. This means that the provisions do not account for tornado or
hurricane-level winds because construction workers will not be on the site during these extreme
events and therefore are not in danger if a panel were to fall. Because the likelihood of either

event happening is very low, it is too costly to design for these wind speeds. TCA’s guideline
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does not address seismic loads, and construction period wind loads will most often govern the
design of the temporary bracing. The guideline’s purpose is to supply a standardized method for
designing and installing temporary braces for tilt-up concrete panels to resist against construction
period wind load until the panels are tied into the building’s structure (Steinbicker, 2018).

Steinbicker (2018) lists a number of factors that must be considered for a temporary

bracing system to function safely:
e Construction period wind speed,
e Types, lengths, and capacities of available braces,
e Capacities of the brace anchorages at either end of the brace,
e When to remove the temporary bracing system, and
e Any required documentation for the design and installation.

Planning is an essential part of the tilt-up construction process to ensure that the process
goes smoothly and safely. In regard to bracing of the tilt-up panels, many factors must be
considered, and coordination must take place to certify that the braces are secure and the job site
is safe. Steinbicker (2018) says that a “well-executed tilt-up temporary wind-bracing plan will
speed the panel erection process and save money.” In order to determine the panel bracing
requirements for a project, casting surface location of the panels, crane access, and panel lifting
sequence must all be considered (Steinbicker, 2018).

The temporary braces supporting the tilt-up panels must be anchored at both ends of the
brace. The panel end of the brace is typically a cast-in anchor at designated locations and is
usually specified by the lifting and bracing anchor manufacturer (Steinbicker, 2018). On the
other end of the brace, the anchorage system can be the slab-on-grade, a concrete deadman, or a

helical ground anchor. If connecting to the slab-on-grade with cast-in anchors, the locations of
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these anchors based on the geometry of the brace must be determined before the slab-on-grade is
placed to ensure proper alignment (Steinbicker, 2018). More often than not, post-installed
anchors are used in lieu of cast-in anchors. If using post-installed anchors in the slab-on-grade,
they can be determined during the erection process (Steinbicker, 2018). Post-installed anchors
are used in the parametric study, and pullout of these anchors is one of the potential failures
analyzed. Locations of concrete deadmen and helical ground anchors must also be determined
before the erection process begins. Each of these brace anchorage methods is discussed in
further detail in section 2.3 Brace Anchorage Systems.

Corner panels can create issues when bracing on the interior face of the panel. If the
braces are located at the same height on both adjacent corner panels, they will intersect with each
other (Steinbicker, 2018). This issue is not considered in this report as the panel under
consideration is not a corner panel in order to simplify the research.

Slab-on-grade leave outs or openings can be a potential issue for anchorage of the
temporary braces (Steinbicker, 2018). Braces can be angled slightly, but they must remain
within a maximum of five degrees of their centerline (Dayton Superior, 2017). This will not
come into play in the parametric study as no leave outs or openings are located near the
anchorage locations.

In most cases, tilt-up concrete panels are cast with their inside face up. This allows for
the braces to be attached prior to lifting. This is the typical method, and it helps improve
erection productivity (Bell, 2014). When the braces are unable to be attached prior to lifting, the
panel is to be lifted to a vertical position and held there until crew members attach the braces via
ladders or aerial lifts (Bell, 2014). This method is obviously slower and should be avoided when

possible, but in certain scenarios it may be required.
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2.2.1 Wind Load

Wind is the primary lateral load imposed on tilt-up concrete panels during the
construction phase. Based on the surface area of the panel, a large wind force is transferred to
the temporary bracing. TCA’s guideline does list provisions for panels with large openings,
stating that the load transferred to the panel braces can be significantly reduced (Steinbicker,
2018). An open panel is defined as having “openings that equal or exceed 30% of the gross
panel area” (Steinbicker, 2018). The guideline assumes a Risk Category | structure, Exposure C,
and a basic design wind speed of 100 mph. After applying a reduction factor of 0.8 to account
for projects whose duration is six weeks to one year, per section 6.2.1 of the ASCE/SEI 37-14,
the resulting strength level design wind speed is 80 mph (Steinbicker, 2018).

The procedure outlined in the guideline for calculating the design wind force assumes the
panels are braced freestanding walls. The procedure follows the method prescribed in
ASCE/SEI 7-16, Chapter 29, Wind Loads on Building Appurtenances and Other Structures:
Main Wind Force Resisting System (Directional Procedure). Only load Case A is considered
from this method (Steinbicker, 2018). The ASCE/SEI 37-14 is used as an extension of the
ASCE/SEI 7-16 to account for loads and other structural considerations for temporary structures
and permanent structures during their construction phases. For solid panels, the velocity
pressure, gn (Ib/ft?), evaluated at panel height h (ft) above the ground, is calculated using the
following equation:

qn = 0.00256K,K, K K,V> Eq. 2-1

Where:

Kz = Velocity pressure coefficient at panel height h above ground from ASCE/SEI 7-16

Table 26.10-1
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Kz = Topographic factor = 1.0 from ASCE/SEI 7-16 Section 26.8.2 (No hills, ridges, or
escarpments are considered to be within 2 miles of the construction site for the
parametric study.)

Ka = Wind directionality factor = 0.85 from ASCE/SEI 7-16 Table 26.6-1

Ke = Ground elevation factor = 1.0 from ASCE/SEI 7-16 Table 26.9-1 (Note 1 of Table
26.9-1 states that the conservative approximation Ke = 1.0 is permitted in all
cases. Using a value of 1.0 allows the velocity pressure and design wind force to
easily be adjusted for different elevations.)

V = Basic construction period wind speed, mi/hr

The design wind force for solid panels is calculated using the following equation:
F = q,GCrA; (Ib) Eq. 2-2
Where:

gnh = Velocity pressure evaluated at height h (defined in ASCE/SEI 7-16 Fig. 29.3-1), as
determined in accordance with ASCE/SEI 7-16 Section 26.10

G = Gust-effect factor = 0.85 for freestanding walls from ASCE/SEI 7-16 Section
26.11.1

Ct = Net force coefficient from ASCE/SEI 7-16, Figure 29.3-1 (Used to determine the
net force applied to the surface of the sign or panel based on its aspect ratio and
clearance ratio.)

As = Gross area of the solid individual panel, ft?

In the case of solid panels supported at ground level, the design wind force, F, acts at a
distance of 0.55 times the average height of the panel. This distance of 0.55 times the average

height of the panel was the mean vertical center of pressure from results of study conducted by
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Letchford and Holmes (1994). This design wind force is then distributed to the temporary
braces, with each one receiving a percentage of the force based on their respective tributary
areas. Note 2 of Figure 29.3-1 of the ASCE/SEI 7-16 states that panels with openings less than
30% of the total gross area are considered solid. This note also says that the net force
coefficient, Ct, can be reduced by a factor of (1-(1-g)1°). This reduction is in line with the
recommendation presented by Letchford (2001). The variable € is the panel’s ratio of solid area
to gross area.

For open panels, the velocity pressure, g (Ib/ft?), evaluated at panel height z (ft) of the
centroid of area Ar above the ground, is calculated using the following equation:

q, = 0.00256K,K,,K,K,V? Eq. 2-3

The design wind force for open panels is calculated using the following equation:
F = q,GCrA; (Ib) Eq. 2-4
Where:
gz = Velocity pressure evaluated at height z, as defined in ASCE/SEI 7-16 Section
26.10, of the centroid of area Ar
Ct = Net force coefficient from ASCE/SEI 7-16, Figure 29.4-2
Ar = Projected area of the individual panel normal to the wind except where Cs is
specified for the actual surface area, ft?
ASCE/SEI 7-16 requires a minimum strength level design wind force of 16 Ib/ft?

multiplied by the area, Ay, to design the panel braces and their connections.
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2.2.2 Braces

Temporary braces support a tilt-up concrete panel during the construction phase of the
project until foundation, roof, and floor connections are completed. These braces support the
panels from collapsing as a result of wind load. Because tilt-up panels have a large surface area,
the design of temporary braces for wind forces is of upmost importance.

The tilt-up bracing industry is dominated by two key figures: Dayton Superior and
MeadowBurke. Tilt-Up Concrete Association [TCA] (2011) states that “two types of pipe braces
are available, fixed length and telescopic.” Both Dayton Superior (2017) and MeadowBurke
(2018) offer fixed length and telescopic braces. These two types of braces are shown in Figure
2-3. Dayton Superior braces are used in the parametric study. They are usually constructed

using either round or square steel tubing, and both types of braces typically have around 18
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Figure 2-3: Telescoping and Fixed Length Brace (Reproduced from Dayton Superior, 2017)

inches of adjustment capabilities at their bottom end to make installation easier (Dayton
Superior, 2017; MeadowBurke, 2018; TCA, 2011). Both types of braces also have extensions
that can be added if a greater length is desired. Extensions and other brace components should

not be interchanged from one type of brace to another. Each brace has specific components
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corresponding to it, and the load rating of the brace is based on it having those specific
components. A mixture of brace components could lead to a reduction in brace capacity and
cause the brace to fail, leading to a collapse of the panel. Each panel requires a minimum of two
braces, but three or four braces are often required for large panels or panels located in high wind
areas (Tilt-Up Concrete Association, 2011). TCA’s current guideline uses limit state loads and
strength design principles to determine the size of the braces. This report does not outline the
design of these braces. Brace manufacturers have designed the braces and produced nominal
load capacity tables for use by engineers. Dayton Superior (2017) lists the nominal capacity of
the brace in their load tables (S. McNamara, personal communication, March 18, 2021). This
nominal axial strength of the braces is adjusted by a resistance factor of ¢ = 0.9, based on steel
design principles outlined in (American Institute of Steel Construction, 2017) , to determine the
strength level capacity of the brace because a limit state wind load force is what the brace must
resist. Depending on their length and diameter, some types of braces require additional knee,
lateral, and end bracing to complete the bracing system and prevent brace buckling (Tilt-Up
Concrete Association, 2011). If this is the case, all components must be properly attached in
order to achieve the rated capacity of the bracing system. Knee braces can be 2x lumber or steel
pipe. Lateral bracing may consist of #9-gauge wire. Knee, lateral, and end bracing must be
continuous (Kramer, 2020). Both Dayton Superior and MeadowBurke offer a variety of bracing
options. They can be helpful in deciding whether fixed length or telescopic braces are needed, as
well as determining if a sub-support system of knee, lateral, or end braces are required (Concrete
Construction Staff, 2005). A sub-support bracing system can be avoided by selecting a larger

brace with a greater capacity (Tilt-Up Concrete Association, 2011). The fixed length braces with
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additional components (knee, lateral, and end bracing) are not part of the scope of this report
since this is for smaller panels than examined in the parametric study.

All temporary braces must be anchored at both ends. On the panel end, braces are
typically anchored to the panel with %" diameter cast-in anchors. The anchor to the panel is
outside the scope of this report. On the bottom end, when anchoring to the slab-on-grade or
concrete deadmen, ¥4 diameter cast-in anchors or post-installed anchors are used (Dayton
Superior, 2018). For the parametric study, Dayton Superior’s (2018) %” diameter x 4.5” long
T13 Coil-Anchor is used. It is a post-installed anchor. These anchors must be able to “resist the
combined shear and tension loads applied by the braces, including appropriate strength reduction
factors for the anchors as determined by the manufacturer” (Steinbicker, 2018). In order for the
brace to develop its full capacity, the brace anchor must also have the same strength capabilities.
If not, the brace’s capacity will have to be reduced. To achieve the brace anchor’s ultimate
capacity, the manufacturer’s recommendations must be followed for slab-on-grade thickness,
minimum compressive strength, and edge distance. If these recommendations are not followed,
the brace anchor’s capacity could be severely reduced, leading to a potential failure of the
anchorage system and collapse of the panel.

Tilt-up panels are extremely heavy and should not be detached from the crane until all
temporary bracing is installed and all brace connections are complete.

To ensure a safe and secure temporary bracing system during the construction phase of
the project, all bracing connections should be inspected after wind speeds of 35 mph or more to
see if any connections have loosened (Dayton Superior, 2017; Tilt-Up Concrete Association,
2011). After each use, all braces should be inspected for damage, wear, and proper operation

before being used on another project (Dayton Superior, 2018).
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2.3 Brace Anchorage Systems

Temporary bracing is one of the most important aspects of a tilt-up concrete panel
project. Tilt-up concrete panels can be extremely large and typically weigh 80,000 to 120,000
pounds. Until the panel connections to the final structure are completed, the stability of the
panels is imperative. Due to the size and weight of the panels, they are very dangerous if the
bracing system fails and an accidental collapse occurs. These temporary braces are attached to
the tilt-up panel face on one end. The other end (base) must be anchored to an element that can
withstand the forces the brace will encounter by the wind pressure on the tilt-up panels. The
three most common methods of anchorage of temporary tilt-up panel bracing are concrete
deadmen, helical ground anchors, and slab-on-grade anchors (Baty, 2014). While a slab-on-
grade anchorage system is the only system that is considered and analyzed in the parametric
study in Chapter 3, all three methods are discussed in this section to gain insight into their
similarities, differences, advantages, and disadvantages.

2.3.1 Concrete Deadmen

Concrete deadmen “are perhaps the most basic type of anchorage system known to man
(Engelland, 2020b). They utilize the same concept that a boat anchor does: using weight and
friction to prevent something from moving. Steinbicker (2018) defines a concrete deadman as “a
buried concrete element that is sometimes used to anchor braces on a project that does not have a
concrete slab on grade available.” Most concrete deadmen are cast in the ground at the job site;
they can be cast either as a single pad or a continuous strip of concrete (Steinbicker, 2018).
According to Baty (2014), concrete deadmen that are cast and located at specific job sites for
certain projects are not meant to be removed and reused after completion of the project.

However, precast deadmen are reusable and preferred by some contractors (Baty, 2014). Baty
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(2014) states that concrete deadmen are typically buried in the ground, but it is possible to use
them above grade; however, this is not a recommended practice as the concrete deadman can
easily become unstable and potentially lead to the collapse of a tilt-up panel. Deadmen can
become unstable because they rely on the soil, which can become insecure from poor
compaction or washout from rainwater, to distribute the force from the brace. Baty (2014)
recommends that deadmen be used as a buried element in order to resist the brace forces by way
of their “own weight, passive soil pressure, and friction with the ground.” Temporary bracing
can be attached to either the interior or exterior face of the panel. Concrete deadmen are often
used when bracing is to the exterior face of the panel as there is no slab-on-grade present (Tilt-
Up, 2011). Concrete deadmen can also be used to anchor braces that are located within the slab

leave-out section as shown in the plan view in Figure 2-4.
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Figure 2-4: Plan View of Concrete Deadmen Anchoring Corner Panel Braces (Reproduced
from Dayton Superior, 2017)
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As shown in Figure 2-4, when the slab-on-grade is not available to attach to braces, such
as a corner of the building, deadmen are used. This plan view shows how concrete deadmen are
used:

e Temporary Pipe braces are used to support the wall panels from the interior of the
building.

e Concrete deadmen are used to anchor the two braces nearest the corner that are
not anchored in the concrete floor slab due to the slab leave out.

Concrete deadmen do have some advantages as a method of anchorage for panel bracing.
For one, they can be used for anchorage of exterior braces when a slab-on-grade is not present.
Secondly, when in the form of a reusable deadman, they can be a tool for contractors to transport
to and from job sites for repeated use. One disadvantage of using concrete deadmen for brace
anchorage is cost. Being that they are made out of concrete, extra cost will come as a result of
the concrete needed to make the deadmen (MeadowBurke, 2018). Because the deadmen are
usually cast-in-place at the site, time is needed to allow the deadmen to cure before they are
ready to anchor the braces, and they will potentially be in the way of cranes and other machinery
trying to maneuver around the jobsite if they are located outside the building pad.

2.3.2 Helical Ground Anchors

Helical ground anchors are an alternative to both concrete deadmen and slab-on-grade
support systems in that they do not rely on concrete to anchor the temporary brace. Developed in
the mid-1990s, they are a relatively new method of brace anchorage that has received increased
usage in the tilt-up concrete industry as contractors have realized some benefits of bracing to the
exterior of the building (Hooker, 2012). Helical ground anchors are manufactured steel

foundation elements made up of a solid steel square bar shaft with one or more steel helix plates
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welded onto the shaft at predetermined spacing (MeadowBurke, 2018). Helical ground anchors
look and act like a typical screw. Once driven into the ground by a skid-steer (Figure 2-5), they
have the anchor capacity to resist both compressive and tensile forces from the loads on the panel
through the temporary brace (Baty, 2014). The holding capacity of the anchor is proportional to

the torque at which the anchor is installed (MeadowBurke, 2018). The helical ground anchor

Figure 2-5: Skid-Steer Installing Helical Ground Anchor (Reproduced
from Dayton Superior, 2017)

relies on the strength of the surrounding soil to distribute on the load it will endure from the
brace. Because of this, geotechnical reports outlining the soil conditions at the proposed
locations of helical ground anchors are essential to ensure a secure bracing system
(Meadowburke, 2018). In order to confirm adequate bracing of the tilt-up panels, the braces
themselves must fall within a range of angles relative to the ground. “Brace angles over 60
degrees from the horizontal results in poor mechanical advantage and excessive vertical Kick,
while brace angles under 45 degrees decrease brace buckling strength due to greater length and

excessive sag” (Dayton Superior, 2018). Helical ground anchors must match that same angle
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range to ensure that they are parallel and aligned with the brace they are anchoring so that the
two act as one unit (Bell, 2014). The task of determining which helical ground anchor and setup
is appropriate for the scenario is typically handled by the anchor manufacturer (Bell, 2014). The
anchor manufacturer will also inspect the soil conditions and determine the required embedment
length of the helical ground anchor based on the existing soil conditions. One aspect of helical
ground anchors that makes them a viable option for brace anchorage is their longevity. Once the
structure and foundation are complete and the tilt-up panel is secure, “the anchors can be
retrieved and all the undamaged bracing system components reused” (Hooker, 2012). Current
estimates would suggest that helical ground anchors account for 10% - 15% of the tilt-up brace
anchorage market (Hooker, 2012). Helical ground anchors also have the flexibility of anchoring
bracing on both the interior and exterior face of the panel. As tilt-up concrete panels are getting
taller, Hooker (2012) says that the tilt-up industry is beginning to realize the benefits of bracing
to the exterior side of the panel to free up floor space on the interior and reduce the likelihood of
an accident. This makes helical ground anchors a viable option for brace anchorage moving
forward. When high winds cause forces transmitted through the brace to be very large, it can
sometimes be more economical to use a helical ground anchor rather than thickening a portion of
the slab-on-grade to resist the brace loads (Hooker, 2012). Figure 2-6 shows a section cut of a

tilt-up concrete panel supported by a brace anchored by a helical ground anchor.

24



R

T A
WALL \
BRACE AR
L TRANSITION s =3
CONNECTOR ©s
GROUND S—
LINE N
> \ .
Z,
< %
TOP OF
FOOTING ~ ~——— : .
ELEVATION
X HELICAL
P + GROUND v
ANCHOR

Figure 2-6: Section Cut of Tilt-Up Concrete Panel with Helical
Ground Anchor (Reproduced from Steinbicker, 2018)

As shown in Figure 2-6, four basic components on helical ground anchor bracing systems
exist:

e The continuous footing for the panel is shown as a large rectangle below the wall
panel. It serves as the foundation system for the wall panel, ensuring that the wall
panel is secure once construction is complete. It is designed to carry the weight of
the wall panel bearing on it.

e The tilt-up concrete wall panel is the tall element bearing on top of the continuous
footing. It is poured out of concrete while lying flat on the ground and is then

tilted up vertically by a crane. The wall brace acts as a temporary support for the
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panel until construction is complete and panel connections to the footing, roof,
and floor are made.

e The wall brace is the element supporting the tilt-up concrete wall panel while
construction is being finished. In this set up, the brace is anchored by a helical
ground anchor.

e The helical ground anchor is the screw-like element that is driven into the ground
at the same angle as the wall brace. The wall brace is connected to the helical
ground anchor, which anchors the brace as it resists forces from wind load acting
on the tilt-up concrete panel.

One advantage of helical ground anchors is their ability to be installed rapidly in any
weather condition and be ready for use immediately (Dayton Superior, 2017). Another
advantage is that they can easily be removed and relocated if adjustments to the braces are made
during installation (Dayton Superior, 2017). Being that they are reusable and require no concrete
are a more reasons why helical ground anchors are a good choice for brace anchorage. While
they do require a skid-steer to install, this type of equipment is typically on the job site already
(Dayton Superior, 2017).

2.3.3 Slab-on-Grade Anchors

Slab-on-grade anchors are the most common form of bracing anchorage for tilt-up
concrete panels (Baty, 2014). One reason for this is that slabs-on-grade are part of the finished
tilt-up structure and are used as the forming system for the panels prior to erection. Unlike a
concrete deadman or helical ground anchor which are temporary anchor elements, slabs-on-grade
are a permanent part of the building. This fact calls for careful consideration and coordination

on behalf of the construction crew in two areas. The first area that needs consideration is the
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forces that are being transmitted through the brace to the slab-on-grade. Because slabs-on-grade
are a common structural member, they are usually designed adequately for the loads that they
will see over the course of their lifetime. However, they are rarely designed for construction
loads, such as those that they will see from the temporary braces (Kelly, 2008). In order to
account this scenario, “the type and location of slab joints, slab thickness, reinforcing and leave
out strips, and the concrete strength all must be considered when determining if the floor slab has

the required capacity to resist the applied brace loads” (Steinbicker, 2018). Kelly (2008) writes
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Figure 2-7: Slab-on-Grade Anchor (Reproduced from Dayton
Superior, 2017)

that some debate over who is responsible for the design of the slab-on-grade to make sure that it
can resist the load from the braces exists. The second area that requires coordination is the
placement of the brace anchors. The location of the brace anchors relative to the face of the
panel determines the angle that the brace makes with the slab-on-grade. In turn, this angle often
determines and regulates the capacity of the braces to withstand the force from the wind load
(MeadowBurke, 2018). These anchors can either be cast-in-place or post-installed. Figure 2-7
shows a section cut detail of a slab-on-grade anchor. Cast-in-place anchors require careful
planning and coordination as incorrect placement of the anchor could lead to a decrease in the
capacity of the brace and potentially an additional cost to relocate the anchor (MeadowBurke,

2018). Post-installed anchors do not require as much planning in advance, but problems can still
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arise in the field when installing them as the location of steel reinforcement is often unknown
when the drilling takes place. Figure 2-8 shows a section of a tilt-up concrete panel supported by

a brace anchored in the slab-on-grade.
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Figure 2-8: Section Cut of Tilt-Up Concrete Panel with Slab on Grade
Brace Anchorage (Reproduced from Steinbicker, 2018)

As shown in Figure 2-8, four basic components in this figure are:
e The wall brace is the element supporting the tilt-up concrete wall panel while
construction is being finished. In this set up, the brace is anchored in the concrete

slab on grade.
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e The slab-on-grade is the horizontal section of concrete that the wall brace is
bearing on and anchored into. It serves as the anchorage method for the brace as
the brace resists forces from wind load acting on the face of the tilt-up panel.

The main advantage for using slabs-on-grade to anchor tilt-up panel braces is that the
slab-on-grade is almost always present already. Baty (2014) states that “connecting directly to
the building slab is the most efficient and cost-effective form of anchoring the braces.” With
cost being the driving factor in most construction projects, using a structural member that is
already in the budget saves the cost of installing helical ground anchors and the labor of pouring
concrete deadmen. A disadvantage to anchoring to the slab-on-grade is the additional
consideration and coordination that is needed. The load from the braces must be considered
when designing the slab-on-grade, and the location of the cast-in-place anchor inserts must be

coordinated unless post-installed, drill-in anchors are used.
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Chapter 3 - Parametric Study

As previously indicated, the most common way to secure temporary braces for tilt-up
panels during construction is to use the slab-on-grade. To examine the behavior of slab-on-grade

with brace loads a parametric study of a typical warehouse building is conducted.
3.1 Panel Variables

The tilt-up panel used in this study is 42 feet tall from its base to its top, 26 feet wide, and
9.25 inches thick. The panel is solid, without openings. It is positioned directly on a continuous
footing four feet below finish floor elevation to the top of the footing, making the panel’s height
above finish floor 38 feet. A five-foot slab leave-out strip is assumed around the perimeter of the
building for construction purposes. The building plan dimensions are 300 feet in length as
shown in Figure 3-1, by 830 feet. This building layout is based on an actual tilt-up concrete

panel construction project located in the Kansas City area.
3.2 Loading Variables

The panel does not have openings and therefore is classified as solid. To calculate the
limit state wind loads applied to the braced, the strength level construction period wind speed of
80 mph adopted by the TCA is used. This wind speed assumes an ASCE/SEI Risk Category |
structure as defined in Table 1.5-1 of the ASCE/SEI 7-16. The basic wind speed for this
category is 100 mph but is adjusted by a factor of 0.8 to account for a construction period of six
weeks to one year as outlined in the literature review. To calculate the design wind force acting
on the panels while braced, the method outlined in ASCE/SEI 7-16, Chapter 29, Wind Loads on
Building Appurtenances and Other Structures: Main Wind Force Resisting System (Directional
Procedure) is used. This procedure considers the panels as freestanding braced walls, and only

load Case A from ASCE/SEI 7-16 Figure 29.3-1 is considered. It begins with determining the
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panel’s total height above the adjacent ground, h, the vertical dimension of the panel, s, the panel
width, B, the panel thickness, t, and the panel’s depth below and height above finish floor. Then,
the clearance ratio (s/h) and aspect ratio (B/s) are determined. For a solid panel supported at
ground level, the clearance ratio is 1. If the panel has openings, the opening area is subtracted
from the gross panel area to determine the net solid area of the panel. The ratio of net solid area
to gross area is calculated, and the panel is classified as solid if this ratio is greater than 70
percent. Once the panel’s classification is determined, the design wind force is calculated
following the procedure outlined in the 2.2 Temporary Bracing Guidelines section of Chapter 2 -
Literature Review. Stress level (ASD) wind force is also calculated by multiplying the design
wind force by a factor of 0.6 (ASCE/SEI 7-16). The stress level force will be used to analyze the
slab’s sliding resistance. After the design wind force acting on the panels has been calculated,
the next step is to determine the force transmitted to the temporary bracing. Chapter 29 of the
ASCE/SEI 7-16 specifies that the design wind force is to be applied at 55 percent of the panel’s
height. Although the panel is sitting either a strip footing or a stem wall, the entire design wind
force is assumed to be resisted by the temporary bracing. This is because there is no connection
made between the panel’s base and the foundation. While the weight of the panel on the
foundation would create some friction resistance, this procedure does not account for that and
instead takes the conservative approach of resisting the design wind force with the braces alone.
TCA’s guideline states that the brace attachment insert should be located at either 60 percent of
the panel’s total height or 5 percent above the geometric centroid of the panel, whichever is
greater. Once this minimum brace attachment height is determined, the horizontal component of
the force transmitted into the brace is found by taking the design wind force multiplied by 55

percent of the panel’s height and then dividing by the minimum brace attachment height. This
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horizontal force component is then divided by the cosine of the brace angle, 53 degrees, to
determine the total required axial strength of the braces. The required axial strength is then
divided by a resistance factor of 0.9 for strength design. The same procedure is followed using
the stress level wind force rather than the design (limit state) wind force. After determining the
total required axial strength of the braces, it is then multiplied by a safety factor of 1.67 for
allowable stress design.

This reduced total required axial strength is then used to determine the type and number
of braces needed for the bracing system. A Dayton Superior B12 Jumbo Brace was selected to
be used in this study, and it was found that three braces were required. The total strength level
required axial strength of 26,953 Ib. is then divided by three to achieve a load of 8,984 Ib. for
each brace. The brace has a nominal load capacity of 13,500 pounds. Figure 3-2 shows a plan
view of the panel braced to the slab-on-grade. It is 32 feet in length, attaches to the panel at a
height above finish floor of 25 feet 6 inches, and attaches to the slab-on-grade at a distance of 19
feet 4 inches from the face of the panel. The brace load is converted into its vertical and
horizontal components at its connection to the slab-on-grade. The vertical component is
obtained by taking the brace load multiplied by the sine of 53 degrees, resulting in a 7.18-kip (1
kip = 1,000 Ib.) force. The horizontal component is calculated by taking the brace load
multiplied by the cosine of 53 degrees, resulting in a 5.41-kip force. The same process is
repeated with the stress level loads. The total stress level required axial strength of 16,172 Ib. is
then divided by three, resulting in a load of 5,391 Ib. for each brace. The stress level vertical
component is 4.31 Kips, and the stress level horizontal component is 3.24 kips. See Figure 3-3
for a section view of the bracing condition. As previously calculated, three of these braces are

used to support the panel. Brace foot plate dimensions are assumed to be 10 inches long and 6
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inches wide. A Dayton Superior 4.5 long, %" diameter T13 Coil-Anchor is used to attach the
brace to the slab-on-grade. It has a nominal load capacity of 11,288 pounds for a 5 inch or
thicker slab-on-grade with a compressive strength of 4,000 psi. This nominal capacity is based
on a tension applied at a 53-degree angle, the same angle as the brace, so it is to be compared to
the strength level brace load, not the vertical component of the brace load, after being reduced by
the strength reduction factor. Because this load capacity is less than what the brace can

withstand, the nominal load capacity of the brace is reduced to that of the anchor.
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Figure 3-1: Full Plan View of Building
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Figure 3-2: Plan View of Bracing Setup
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Figure 3-3: Section View of Bracing Setup
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3.3 Slab-on-Grade Variables

Slab-on-grade control joints are located at each column gridline. Wind load acts on all
the panels at the same time, but for this parametric study one panel, along with its respective
slab-on-grade area, is isolated for analysis. Because the slab-on-grade is assumed to not act
cohesively across control joints, the only portion of the slab-on-grade analyzed is located within
grids E and F vertically and grids 5 and 6 horizontally as shown in the bubbled portion of Figure
3-1. Figure 3-2 is an enlarged view of the bubbled portion in Figure 3-1 and is the focus of this
parametric study. Due to the building’s length, the brace forces transmitted into the slab-on-
grade on the opposite side of the building will have no effect on the portion of the slab-on-grade
under consideration for this study. The slab-on-grade is constructed of normal weight concrete
(145 pounds per cubic foot) with a compressive strength of 4,000 psi. It has a nominal quantity
of distributed reinforcement located in the upper third of the slab as mentioned in the literature
review. Three slab-on-grade thickness are analyzed in this study: 5-inch, 6-inch, and 8-inch.

3.4 Soil Variables

Four different subgrade conditions are analyzed. Each condition describes the material
that is directly beneath the slab-on-grade. For the purpose of this study, the subgrade below the
top material is assumed to have adequate sliding resistance between the layers. The analysis of
the sliding plane is between the bottom of the slab-on-grade and the top layer of subgrade
material only. The four conditions are gravel (Figure 3-4), sand (Figure 3-5), soil (Figure 3-6),
and a vapor retarder (Figure 3-7). Each material has its own coefficient of friction. The
coefficients for each material, as based on research, are as follows: 0.6 for gravel, 0.45 for sand,

0.3 for soil, and 0.15 for a vapor retarder (Armstrong, 1992).
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3.5 Brace Anchor & Slab-on-Grade Interaction

The design wind force is transferred through the temporary braces to the slab-on-grade.
The load is then broken up into a vertical component and a horizontal component as previously
mentioned. When the wind is from the left as show in Figure 3-8, the two conditions that are
checked are slab sliding in the horizontal direction and punching shear in the downward vertical
direction. Punching shear capacity is determined following Chapter 14 Plain Concrete of the
ACI 318-19 as outlined in the literature review. The slab-on-grade’s friction force, based on its
weight and the coefficient of friction of the subgrade, is checked against the stress level (ASD)
horizontal force component. The area of slab-on-grade assumed to be effective in resisting slab
sliding is based on a tributary width of 8 feet 8 inches for each brace and a length of 55 feet.
This length of 55 feet, shown in red in Figure 3-8, is the distance from the face of the panel to the
next control joint minus the 5-foot slab leave-out. Control joints, or construction joints, are
locations where the concrete pour is stopped and then started again after finishing of the first
slab-on-grade section (ACI Committee 302, 2015). The control joints are located along the
gridlines as shown in Figure 3-1, and the slab is assumed to be poured in alternating strips with
infill strips in between as suggested in ACI 302.1R-15. Referring back to Figure 3-1, strips
between grids F-E, D-C, and B-A would be poured first, and infill strips between grids E-D and
C-B would be poured later, creating control joints at these grid lines. Although the slab-on-grade
on the other side of a control joint would provide some resistance to sliding, it is assumed that
this cannot be relied upon as there is no adhesion between the two sections of the slab-on-grade.
In the downward direction, the strength level vertical component is compared to the slab-on-
grade’s punching shear resistance. This is based on the thickness of the slab and the footprint of

the brace foot plate. Another potential issue with the vertical force component is soil failure. A
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soil bearing capacity of 4,000 pounds per square foot is assumed for the parametric study. This
soil bearing capacity is reasonable to assume with adequate compaction of the subgrade, and it is
larger than the maximum stress from the vertical force component distributed over the critical
section of the brace foot plate. Therefore, the soil is considered adequate and is not analyzed in
the parametric study.

When the wind is from the right as shown in Figure 3-9, the first two conditions
considered are anchor pullout and overturning (slab uplift). As previously mentioned, the T13
coil-anchor’s capacity is based on the nominal brace load applied at 53 degrees, not the vertical
component of the brace force. The overturning moment resistance, however, is checked using
the stress level (ASD) vertical component of the brace force. The overturning moment is the
ASD wind force applied at a moment arm of 55 percent of the panel’s height. A safety factor of
1.5 is used in the resisting moment calculation. The resisting moment is based in the amount of
slab-on-grade able to resist the moment and the location of the slab-on-grade anchor’s distance
from the face of the panel. The assumed area of slab-on-grade to resist against overturning is
390 square feet. This is based on a width of 26 feet, the entire width of the panel, and a length of
15 feet. This length of 15 feet, shown in Figure 3-9, is assuming that 7.5 feet on either side of
the slab-on-grade anchor can be considered effective in resisting against overturning. Saw joints,
located at distances (in feet) of three times the slab-on-grade thickness (in inches), are assumed
to not affect the slab-on-grade’s ability to act cohesively as steel reinforcing is present in the
center of the slab. Brace anchors are located at least 12 inches from a saw joint (Dayton
Superior, 2017). A saw joint is cut with a concrete saw after finishing of the slab is completed

and is typically a quarter of the slab thickness deep (ACI Committee 302, 2015). All three slab-
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on-grade thicknesses and all four subgrade conditions are analyzed to determine the slab’s
effectiveness to resist both the horizontal and vertical components of the brace load.

When the wind is from the right, slab sliding can also occur. For this study, it is assumed
that the sliding force is equal to that of the opposite wind condition from the left. However, the
slab’s resistance to sliding is not the same as the uplift force reduces the normal force (slab
weight) and therefore decreases the slab’s friction force. To account for this, a reduction factor
can be applied to reduce the effective area of the slab-on-grade, therefore reducing its weight.
For this study, it was found that the reduced weight is proportional to the increase in required
slab length. For example, reducing the slab weight by 50% due to uplift increases the required
slab length by a factor of two. Another option is the use of a thickened slab portion that would
protrude below the rest of the slab, like a key, and provide a vertical surface for the soil to bear

against and provide resistance to sliding.
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3.6 Sample Calculation

The following is a sample calculation for a 5-inch slab-on-grade with a gravel subgrade.
As mentioned previously, the coefficient of friction for gravel is 0.6. Calculations for punching
shear, slab sliding, and slab overturning/uplift are shown. Anchor pullout capacity is not shown
as the capacity comes directly from the anchor manufacturer. For slab sliding, the slab’s friction
resistance force is compared to the stress level horizontal component of the brace force. As
outlined in chapter 4, the stress level horizontal component is 3.2 Kips. The slab’s friction
resistance force is calculated via the equation below.
F=W=xpu Eq. 3-1
Where:
W = Weight of the concrete slab-on-grade based on its density, effective area, and
thickness, kips
u = Coefficient of friction for the specific subgrade condition
The thickness of the slab-on-grade is set at 5 inches, and the effective width is based on
the tributary width of the brace, 8.7 feet for this parametric study. The density of the concrete is
145 pounds per cubic foot. With these three variables set, the required length of slab-on-grade
can be found by taking the horizontal component and dividing it by the coefficient of friction
(0.6), density (145 pcf), slab thickness (5 inches), and effective width (8.7 feet). This results in a
required slab length of 10.3 feet.
The slab’s punching shear capacity is calculated using the lesser of equations 14.5.5.1(b)

and 14.5.5.1(c) of the ACI 318-19. They are listed below.

v, = <1 +§) (%A\/j?cboh) Eq.3-2
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4 Eg. 3-3
Vo =2G2 If b,h) a

Where:
f’c = Concrete compressive strength, psi
bo = Effective perimeter found by adding half the slab depth to each side of the brace
footplate, in.
h = Thickness of the slab minus two inches due to being poured on grade, in.
A = Lightweight concrete modification factor, 1.0 for normal weight concrete
S = Ratio of long side to short side of effective perimeter dimensions

The compressive strength for this parametric study is 4,000 psi. The effective perimeter
is based on the assumed footplate dimensions of 6 inches by 10 inches plus half of the slab depth
on each side. For this calculation with a 5-inch slab, the effective dimensions are 11 inches by
15 inches, and h is 3 inches. This gives an effective perimeter of 52 inches and a ratio of 1.36.
After plugging these values into the two equations above, the lower value is selected. This value
comes out to 22.3 kips. It is then reduced by a strength reduction factor of 0.75 for shear, per
Table 21.2.1 of the ACI 318-19. This gives a punching shear capacity of 16.7 kips, which is
greater than the strength level vertical component of the brace force of 7.2 kips.

The required slab length to resist against slab overturning/uplift is found by summing
moments about the base of the tilt-up panel. The first moment is the stress level wind force (12.4
kips) multiplied by the distance from the centroid of the wind force to the base of the panel (23.1
feet). This produces an overturning moment of 287.1 k-ft, which is then multiplied by a safety
factor of 1.5, resulting in an overturning moment of 431 k-ft. The resisting moment is the weight

of the slab multiplied by the distance from the slab anchor to the face of the panel. This distance

46



is 19.3 feet. Dividing the overturning moment by this distance results in a required slab weight
of 22.3 kips. Dividing this by the density of 145 pounds per cubic foot produces a required slab
volume of 153.7 cubic feet. Finally, after dividing this volume by the slab thickness (5 inches)
and the effective width (26 feet), a required slab length to resist overturning of 14.2 feet is found.
Complete calculations for all slab-on-grade thicknesses and subgrade conditions can be found in

Appendix B.
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Chapter 4 - Discussion & Results

Two different wind conditions are analyzed in this report. The first is wind blowing from
the left on the exterior face of the tilt-up panel as shown in Figure 3-8. This condition causes the
temporary braces to be in compression and creates two potential failure mechanisms. In the
downward vertical direction, the slab-on-grade resists punching shear failure caused by the
strength level vertical component of the brace force. The second potential failure mechanism is
slab sliding in the horizontal direction due to the stress level horizontal component of the brace
force. The slab-on-grade’s resistance to sliding is based on the weight of the slab portion that is
considered effective and the coefficient of friction of the subgrade material immediately beneath
the slab-on-grade. The second wind condition is wind blowing from the right on the interior face
of the tilt-up panel as shown in Figure 3-9. This condition causes the temporary braces to be in
tension and creates two different potential failure mechanisms compared to the first wind
condition. In the upward vertical direction, the first potential failure mechanism is pullout of the
slab-on-grade anchor. As opposed to slab sliding in the horizontal direction in the first wind
condition, the second potential failure mechanism for the second wind condition is slab-on-grade
overturning, also known as slab uplift. This happens when the wind attempts to blow the panel
over and pull the slab-on-grade up off the ground. The slab-on-grade’s overturning-resisting
moment is based on the weight of its effective area and the distance of the slab-on-grade anchor
to the face of the panel. The assumed effective areas of slab-on-grade for resisting slab sliding
and overturning are described in the parametric study. These four potential failure mechanisms
are analyzed in this study and are dependent upon two variables.

The first variable is the subgrade material directly beneath the slab-on-grade. The four

different subgrade materials are gravel, sand, soil, and vapor retarder. Each material has a
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different coefficient of friction (listed in the parametric study) and will affect the slab-on-grade’s
resistance to slab sliding. The second variable is the thickness of the slab-on-grade. The three
thicknesses analyzed in this study are 5-inch, 6-inch, and 8-inch. The thickness of the slab-on-
grade will affect the punching shear resistance of the slab as well as its overturning and slab
sliding resistance as the thickness affects the weight of the slab-on-grade. Calculations for slab
sliding and overturning assumed an effective area of slab-on-grade and were checked for
adequacy. The calculations also show a required length of slab-on-grade. Both calculations are

used to determine the adequacy of the system.
4.1 Five-inch Slab-on-Grade

In the first wind condition, punching shear is analyzed. The 5-inch slab-on-grade has a
punching, shear capacity of 16.7 kips. This is much larger than the strength level vertical
component of the brace load of 7.2 kips. Therefore, the 5-inch slab-on-grade is adequate to resist
against punching shear. In the second wind condition, both anchor pullout and overturning are
analyzed. As previously mentioned, the T13 coil-anchor’s capacity is based off the tensile brace
force applied at 53 degrees. For a 5-inch slab-on-grade with a 28-day compressive strength of
4,000 psi, the anchor pullout design capacity is 10.2 kips (Dayton Superior, 2017). This is larger
than the strength level brace force of 9.0 kips; therefore, the T13 coil-anchor drilled into a 5-inch
slab-on-grade is adequate. The overturning moment created by the ASD wind force applied at
55 percent of the panel height results in a moment of 287 kip-ft. This is multiplied by a safety
factor of 1.5, making the required resisting moment 431 kip-ft. The resisting moment is based
off of the effective slab area. The width of this area is assumed to be the entire width of the
panel (26 feet). The depth of the slab-on-grade is 5 inches. The required length of the slab is

14.2 feet. It is reasonable to assume that 7.5 feet of slab-on-grade on either side of the anchor
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can be assumed to be effective; therefore, the 5-inch slab-on-grade is adequate to resist
overturning. For the first wind condition, the slab sliding is analyzed for a 5-inch slab-on-grade
based on the four different subgrade conditions. Table 4-1 shows results for the 5-inch slab-on-
grade.
4.1.1 Gravel

The stress level horizontal component of the brace force is 3.2 kips. The slab-on-grade
resists against this via its weight and the coefficient of friction of the subgrade material. The
effective width of the slab area is the tributary width of the brace. This value is 8.7 feet (8 feet 8
inches). The slab-on-grade thickness is 5 inches. The coefficient of friction for gravel is 0.6.
The required length of the slab area to resist sliding is 10.3 feet. It is reasonable to assume that
this length of slab is effective in resisting sliding, so the 5-inch slab-on-grade with gravel directly
beneath is adequate.
4.1.2 Sand

The stress level horizontal force component, effective slab width, and slab thickness are
the same as the gravel condition. The coefficient of friction for sand is 0.45. The required
length of slab area to resist sliding is 13.8 feet. It is reasonable to assume that this length of slab
is effective in resisting sliding, so the 5-inch slab-on-grade with sand directly beneath is
adequate.
4.1.3 Soil

The stress level horizontal force component, effective slab width, and slab thickness are
the same as the gravel and sand condition. The coefficient of friction for soil is 0.3. The

required length of slab area to resist sliding is 20.6 feet. It is reasonable to assume that this
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length of slab is effective in resisting sliding, so the 5-inch slab-on-grade with soil directly
beneath is adequate.
4.1.4 Vapor Retarder

The stress level horizontal force component, effective slab width, and slab thickness are
the same as the gravel, sand, and soil condition. The coefficient of friction for a vapor retarder is
0.15. The required length of slab area to resist sliding is 41.3 feet. The closest control joint is at
55 feet from the slab leave-out, so no control joints are located within this required length. Saw
joints will be located at roughly 18 feet on center for a 5-inch slab, but it is assumed that they
will not affect the slab’s ability to act cohesively to resist sliding in the horizontal direction.
Because of this, it is reasonable to assume that this length of slab is effective in resisting sliding,

so the 5-inch slab-on-grade with a vapor retarder directly beneath is adequate.
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Table 4-1: Five-inch Slab-on Grade Results

Failure Type Vertical Component / Brace Capacity (kips) or
Force / Overturning Moment / Required Length (ft)
Horizontal Component
Punching Shear 7.2k 16.7 k
Anchor Pullout 9.0k 10.2 k
Overturning 431 k-ft 14.2 ft
Slab Sliding 3.2k Gravel 10.3 ft
Sand 13.8 ft
Soil 20.6 ft
Vapor 41.3 ft
Retarder
PANEL — e or Gv w.e _ar
_ B eaveouT]
Gravel 10.3 ft i
Sand 138 ft T Ve
Soil 20.6 ft
Vapor 41.3 ft L
Retarder

Figure 4-1: Five-inch Slab Sliding Results
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4.2 Six-inch Slab-on-Grade

As with the 5-inch slab, punching shear is analyzed in the first wind condition. The 6-
inch slab-on-grade has a punching, shear capacity of 24.3 kips. This is much larger than the
strength level vertical component of the brace load of 7.2 kips. Therefore, the 6-inch slab-on-
grade is adequate to resist against punching shear. Again, in the second wind condition, both
anchor pullout and overturning are analyzed. Anchor pullout capacity does not change as it is
based on Dayton Superior’s (2017) table for a 5-inch or thicker slab. The overturning moment
and the 1.5 safety factor-adjusted moment created by the ASD wind force are the same as the 5-
inch slab. The width of the effective area is the same as the 5-inch slab (26 feet). The depth of
the slab-on-grade is 6 inches. The required length of the slab is 11.8 feet. This decrease in
required length is due to the increased slab weight from the larger thickness. It is reasonable to
assume that 6 feet of slab-on-grade on either side of the anchor can be assumed to be effective;
therefore, the 6-inch slab-on-grade is adequate to resist overturning. For the first wind condition,
the slab sliding is analyzed for a 6-inch slab-on-grade based on the four different subgrade
conditions. Table 4-2 shows results for the 5-inch slab-on-grade.

4.2.1 Gravel

The following information is the same as the 5-inch slab-on-grade condition: the stress
level horizontal component of the brace force is 3.2 kips, and the effective width of the slab area
is the tributary width of the brace, 8.7 feet (8 feet 8 inches). The slab-on-grade thickness is 6
inches. The coefficient of friction for gravel is 0.6. The required length of the slab area to resist
sliding is 8.6 feet. It is reasonable to assume that this length of slab is effective in resisting

sliding, so the 6-inch slab-on-grade with gravel directly beneath is adequate.
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4.2.2 Sand

The stress level horizontal force component, effective slab width, and slab thickness are
the same as the gravel condition. The coefficient of friction for sand is 0.45. The required
length of slab area to resist sliding is 11.5 feet. It is reasonable to assume that this length of slab
is effective in resisting sliding, so the 6-inch slab-on-grade with sand directly beneath is
adequate.
4.2.3 Soil

The stress level horizontal force component, effective slab width, and slab thickness are
the same as the gravel and sand condition. The coefficient of friction for soil is 0.3. The
required length of slab area to resist sliding is 17.2 feet. It is reasonable to assume that this
length of slab is effective in resisting sliding, so the 6-inch slab-on-grade with soil directly
beneath is adequate.
4.2.4 Vapor Retarder

The stress level horizontal force component, effective slab width, and slab thickness are
the same as the gravel, sand, and soil condition. The coefficient of friction for a vapor retarder is
0.15. The required length of slab area to resist sliding is 34.4 feet. As mentioned with the 5-inch
slab, the closest control joint is at 55 feet from the slab leave-out, so no control joints are located
within this required length. Saw joints are not assumed to affect the slab’s ability to act
cohesively to resist sliding in the horizontal direction. Because of this, it is reasonable to assume
that this length of slab is effective in resisting sliding, so the 6-inch slab-on-grade with a vapor

retarder directly beneath is adequate.
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Table 4-2: Six-inch Slab-on-Grade Results

Failure Type

Vertical Component / Brace
Force / Overturning Moment /
Horizontal Component

Capacity (kips) or
Required Length (ft)

Punching Shear 7.2k 24.3 k
Anchor Pullout 9.0k 10.2 k
Overturning 431 k-ft 11.8 ft
Slab Sliding 3.2k Gravel 8.6 ft
Sand 11.5ft
Soil 17.2 ft
Vapor 34.4 ft
Retarder
PANEL |~“ o P oo
. SLAB LE.;\VE-CIUT
Gravel 8.6 ft | E
Sand 11.5 ft -
Soil 17.2 ft
Vapor 34 4 ft L
Retarder

Figure 4-2: Six-inch Slab Sliding Results
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4.3 Eight-inch Slab-on-Grade

For the 8-inch slab-on-grade, punching shear capacity increased to 42.5 kips due to a
larger depth, which directly affects the capacity in the shear equation. Anchor pullout capacity
does not change as it is based on Dayton Superior’s (2017) table for a 5-inch or thicker slab. The
overturning moment and the 1.5 safety factor-adjusted moment created by the ASD wind force
are the same as the 5-inch and 6-inch slab. The width of the effective area is still the entire width
of the panel (26 feet). The depth of the slab-on-grade is 8 inches. The required length of the slab
is 8.9 feet. This decrease in required length is due to the increased slab weight from the larger
thickness. It is reasonable to assume that 7.5 feet of slab-on-grade on either side of the anchor
can be assumed to be effective; therefore, the 8-inch slab-on-grade is adequate to resist
overturning. For the first wind condition, the slab sliding is analyzed for an 8-inch slab-on-grade
based on the four different subgrade conditions. Table 4-3 shows results for the 5-inch slab-on-
grade.

4.3.1 Gravel

The following information is the same as the 5-inch and 6-inch slab-on-grade conditions:
the stress level horizontal component of the brace force is 3.2 Kips, and the effective width of the
slab area is the tributary width of the brace, 8.7 feet (8 feet 8 inches). The slab-on-grade
thickness is 8 inches. The coefficient of friction for gravel is 0.6. The required length of the slab
area to resist sliding is 6.5 feet. It is reasonable to assume that this length of slab is effective in
resisting sliding, so the 8-inch slab-on-grade with gravel directly beneath is adequate.

4.3.2 Sand
The stress level horizontal force component, effective slab width, and slab thickness are

the same as the gravel condition. The coefficient of friction for sand is 0.45. The required
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length of slab area to resist sliding is 8.6 feet. It is reasonable to assume that this length of slab is
effective in resisting sliding, so the 8-inch slab-on-grade with sand directly beneath is adequate.
4.3.3 Soil

The stress level horizontal force component, effective slab width, and slab thickness are
the same as the gravel and sand condition. The coefficient of friction for soil is 0.3. The
required length of slab area to resist sliding is 12.9 feet. It is reasonable to assume that this
length of slab is effective in resisting sliding, so the 8-inch slab-on-grade with soil directly
beneath is adequate.
4.3.4 Vapor Retarder

The stress level horizontal force component, effective slab width, and slab thickness are
the same as the gravel, sand, and soil condition. The coefficient of friction for a vapor retarder is
0.15. The required length of slab area to resist sliding is 25.8 feet. It is reasonable to assume
that this length of slab is effective in resisting sliding, so the 8-inch slab-on-grade with a vapor

retarder directly beneath is adequate.
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Table 4-3: Eight-inch Slab-on-Grade Results

Failure Type Vertical Component / Brace Capacity (kips) or
Force / Overturning Moment / Required Length (ft)
Horizontal Component
Punching Shear 7.2k 42.5k
Anchor Pullout 9.0k 10.2 k
Overturning 431 k-ft 8.9 ft
Slab Sliding 3.2k Gravel 6.5 ft
Sand 8.6 ft
Soil 12.9 ft
Vapor 25.8 ft
Retarder
PANEL |:ﬂ.-““ - g5 4.4
. ' SLag LeavE-OUT!
Gravel 6.5 ft 9
Sand 8.6 ft Ve b
Soil 12.9 ft
Vapor 25.8 ft L
Retarder

Figure 4-3: Eight-inch Slab Sliding Results
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Table 4-4: Results Summary

Slab-on-Grade Results

Strength Punching | Strength | Anchor |Stress Level |Overturning Sliding
Slab . . . Subgrade .

Thickness Level Vertical | Shear Level Pullout |Overturning| Required Condition Required
Component | Capacity |Brace Force]Capacity] Moment Length Length

Gravel 10.3 ft

: Sand 13.8 ft
5-inch 7.2k 16.7k 9.0k 102k 431 k-ft 14.2 ft Soil 206 ft
Vapor Retarder| 41.3 ft

Gravel 8.6 ft

. Sand 11.5 ft
6-inch 7.2k 243k 9.0k 102k 431 k-ft 11.8 ft Soil 172 &t
Vapor Retarder| 34.4 ft

Gravel 6.5 ft

. Sand 8.6 ft
8-inch 7.2k 425k 9.0k 102k 431 k-ft 89 ft Soil 129 fi
Vapor Retarder| 25.8 ft
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Chapter 5 - Conclusion

This report focuses on the analysis of reinforced concrete slabs-on-grade as a means of
anchorage for temporary bracing of tilt-up concrete panels. After discussing the existing
literature on the subject in order to develop a frame of reference, the parametric study outlines an
example tilt-up panel under wind load to determine whether the slab-on-grade is adequate to
resist the forces transmitted through the temporary bracing. Two variables are adjusted
throughout the analysis of the system. The first is the thickness of the slab-on-grade.
Thicknesses of 5-inch, 6-inch, and 8-inch are analyzed. The second variable is the subgrade
material directly below the slab-on-grade. The four different subgrade materials analyzed are
gravel, sand, soil, and a vapor retarder, with coefficients of friction of 0.6, 0.45, 0.3, and 0.15,
respectively. When wind is applied to the exterior face of the panel, causing the braces to be in
compression, slab sliding in the horizontal direction and punching shear in the vertical direction
are the two potential failure mechanisms. The subgrade material variable affects the slab-on-
grade’s resistance to sliding as a result of the stress level horizontal component of the brace
force. The thickness of the slab-on-grade also has an effect as it determines the weight of the
slab-on-grade, which in turn affects its sliding resistance due to friction. The thickness of the
slab-on-grade also affects the slab-on-grade’s resistance to punching shear in the vertical
direction. When wind is applied to the interior face of the panel, causing the braces to be in
tension, pullout of the slab-on-grade anchor and overturning of the slab-on-grade are the two
potential failure mechanisms. Anchor pullout capacity is consistent regardless of the two
changing variables. Resistance to overturning, however, is affected by the thickness of the slab-

on-grade.
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Based on the results of this study, it is inconclusive exactly how slabs-on-grade resist
these horizontal and vertical components of the brace force. While anchor pullout capacity and
punching shear capacity for all slab-on-grade thickness are more than adequate, overturning
moment resistance and slab sliding resistance are not as clear. Although overturning moment
resistance is adequate for the assumed surface area of slab-on-grade and the required length is
reasonable, it is unclear exactly how the slab-on-grade acts at saw joint locations where the slab
could be cracked completely through and, therefore, is relying on steel reinforcement in order to
act cohesively as a unit. For slab sliding, it is assumed that control joint locations are not
satisfactory to allow cohesive behavior of the slab to resist the horizontal force component and
therefore are a limiting factor in allowable slab-on-grade area considered effective to resist the
force. Therefore, a slab-on-grade length of 55 feet is the maximum allowed distance. Although
the 5-inch, 6-inch, and 8-inch slabs-on-grade all have required lengths less than 55 feet and
therefore are considered adequate to resist against slab sliding, these results are contingent upon
engineering judgment of what is considered adequate when looking at required lengths and
effective areas. A possible solution to reduce the risk of slab sliding is the use of thickened
portions of the slab-on-grade. This thickened portion would provide a vertical surface to bear
against the subgrade material and help resist against sliding in the same way that a retaining wall
resists against soil pressure. This uncertainty surrounding the slab-on-grade’s resistance to
overturning and slab sliding is the chief reason for suggesting that it is inconclusive exactly how
slabs-on-grade resist these forces in practice.

Further research is needed to better understand exactly how slabs-on-grade resist the
combination of forces and prevent slab sliding, overturning, anchor pullout, and punching shear

failure. With the tilt-up concrete industry growing rapidly in popularity, and tilt-up panels
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getting increasingly taller and creating larger brace forces, it is crucial that this subject of brace
anchorage via slabs-on-grade is analyzed and understood correctly to ensure safe construction
practices. Specifically, physical testing is needed to determine how the slab-on-grade behaves at
saw joint locations and control joint locations in response to forces that would cause slab sliding
and overturning. Physical testing will allow professionals within the industry to better
understand exactly how the slab-on-grade works to safely anchor the temporary bracing of tilt-up
concrete panels and ensure that tilt-up concrete construction methods remain both economical

and safe.
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Appendix A - Permission for Use

[External] Permission for Use of Figures

McNamara, Shawn C. <ShawnMcNamara@daytonsuperior.co
m>

Tue 3/16/2021 5:30 PM

To: Dillon Engelland

This email originated from outside of K-State.

Dillon,
You have permission to use these figures/graphics within your report.
Good luck, and let me know if you have any questions.

Thanks,
Shawn

Shawn McNamara , PE
Director of Business Operations, Tilt-Up

Dayton Superior Corporation

7415 Emerald Dunes Drive
Suite 1200

Orlando, FL 32822

Office: 407-859-4541 x18952

Mobile: 321-200-5224

Fax:  407-859-4543

Email: ShawnMcNamara@daytonsuperior.com
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Requesting Permission for Use of Figures

©

Mitch Bloomgquist <mbloomquist@tilt-up.org>

<
Tue 3/16/2021 4:53 PM G s 9 =
To: Dillon Engelland

This email originated from outside of K-State.

Dillon,

You have our permission. Could you please share a copy of your project with us upon completion? Please also let me know if there is any
other assistance we can provide.

Mitch Bloomquist
Executive Director, Tilt-Up Concrete Association
(319) 895-6911 | www.tilt-up.org

On Mar 16, 2021, at 4:50 PM, Dillon Engelland <dengelland@ksu.edu> wrote:

Mitch,

Hello, my name is Dillon Engelland. | am in my 5th year at Kansas State University pursuing a master's degree in
architectural engineering with a structural emphasis. | am currently working on my master's report titted "An Analysis of
Slabs-on-Grade as an Anchorage System for Tilt-Up Concrete Panel Temporary Braces." As | was conducting my
research, | found the "TCA Guideline for Temporary Wind Bracing of Tilt-Up Concrete Panels During Construction”
(published March 23, 2018) to be very helpful. Specifically, there were a couple figures that | believe would be beneficial
to incorporate into my report to assist the reader in understanding the concepts. If possible, | would like to request
permission to use and reference Figure 7.1 (page 26) and Figure 7.3 (page 27). | have attached the figures below for
reference. Please let me know if this is possible and if you need anything else from me.

Thanks,
Dillon J. Engelland | Kansas State University
Graduate Student | Architectural Engineering

dengelland@ksu.edu | (620) 200-8246
dillon.engelland@gmail.com
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Appendix B - Calculations

The following are detailed calculations of determining the strength level and stress level
brace component forces as well as calculations for the slab-on-grade’s sliding resistance,
punching shear resistance, overturning moment resistance, and anchor pullout capacity for all

three slab thicknesses and all four subgrade conditions are also shown.
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3/22/21 ARE 898 Dillon Engelland
Masters Report
STEP COMPUTATION REFERENCE
Panel Depth Below F.F. 4|ft
Panel Height Below F.F. 38|ft
Panel (above adjacent ground) Panel Total Height (h) 42 |ft
Information Panel Width (B) 26|ft
Panel Structural Thickness (t) 9.25(in
0.771|ft
Vertical Dimension of Panel(s) 42 |ft
Clearance Ratio (s/h) 1
Aspect Ratio (B/s) 0.619
Opening Height 0|ft
Opening Width 0|ft
Gross Area (Bx h) (A,) 1092 |sf
Opening Area 0|sf
Net (Solid) Area 1092 |sf
Ratio of Solid Area to Gross Area (£) 1.0
Esolid 0.7
(1-(1-€)")  reduction factor 1.0
| PANEL IS SOLID |
Wind (strength level, reduced by 0.8 for Basic Wind Speed (V) 80 |mph TCAGuideline
Infarmation construction period) Risk Category |
Exposure C ASCE 7-16
Kg 0.85 T.26.6-1
K, 1.0 Fig. 26.8-1
(Manhattan, KS) Elevation 1124 |ft
K. 1.00 T.26.9-1
for42 ft K, 1.05 |(interpolation) T.26.10-1
qn = 0.00256K,K, K K V? an 14.62 |psf 26.10-1
0.00256*(1.05)%(1)*(0.85)*(1)*(80)*2
Limit State (14.62)*(0.85)*(1.5262) Design Wind Pressure 18.97 | psf
Design Wind Minimum 16 |psf ASCE7-16
Pressure PASS
ASD Wind (18.97)*0.6 ASD Wind Pressure 11.38|psf
Pressure Minimum 10 |psf ASCE7-16
PASS
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3/22/21 ARE 898 Dillon Engelland
Masters Report
A, 1092 |sf
G 0.85 [(assume)
(based on aspect and clearnace C; 1.526|(interpolation) Fig.29.3-1
ratios listed above)
Ct reduced 1.526
29.31
Limit State F = qnGCrAs Design Wind Force, F| 20714.82|lb
Design Wind (14.62)%(0.85)*(1.5262)%(1092)
Force
ASD Wind (11.38)*(1092) ASD Wind Force| 12428.89(lb
Force
forceapplied at 0.55*h ft
Panel . . . .
Panel hasno openings, so G.C. is half of height and half of width
Geometric
Centroid
h/2 21|ft
B/2 13 |ft
0.6*h 25.2|ft
0.05*h + G.C. height 23.1|ft
brace attachment inserts should be located at at least ft
(25.2)-(4) minimum brace height aboveF.F. 21.2|ft
(commonly used) braceangle 0.925 |radians
braceangle 53 |degrees
minimum brace length 26.55 |ft
Find Dayton
Superior Brace
TRY B12 Use Brace Length of 32 |ft
Limit State check if higher than 25.2 ft brace height above F.F. 25.50(ft PASS
(Strength) (25.5)+(4) total brace height 29.50|ft
bracelength from panel face 19.33 [ft
nominal load of brace 13500(1b USETHIS
BRACE
horizontal component of brace| 16220.76|lb
required axial strength of brace| 26953.06|lb
(LRFD) resistance factor 0.9

required number of braces 2.218

PASS

(26953.06)/(0.9*(13500))

for 3 braces
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3/22/21 ARE 898 Dillon Engelland
Masters Report
ASD TRY B12 Use Brace Length of 32|ft
brace height above F.F. 25.50(ft
(25.5)+(4) total brace height 29.50|ft
bracelength from panel face 19.33 [ft
nominal load of brace 13500(1b
horizontal component of braces| 9732.455|lb
9732.45/(C0S5(0.93))  required axial strength of braces| 16171.84|lb ACI318-19
(ASD) safety factor 1.67 21.21
(16171.84)/(13500/1.67) required number of braces 2.001
Jumbo Pipe Braces
B12 Brace Uimate ’-
. Type o v o L = Dayton
Information . - - - Wel Bvnce Ancher '
a7 |50 | 13e 104 o | 13050 ms Superior Tilt-
= = L
88 [wowuao | 7 134 20" | smsoms & Up Handbook
89 |2-00®.0| 2r6 | w4 | om0 | 72008s
810 |orces-0| 56 | w3 | 320 | sd00ms
En 20 205 | 154 |25-6uin | 13500ms .
81 50" 20" | 240" |40-0" Max| 13500ms v
gz [zrowso] 256 | wa | 2o [soms
B13 | 23-0"10 39-0° 276" 164" r-o 18,000 Ibs
B |s0weo| 336 | 254 | azo | 7s00ms
BI5 |43-0e0-07| ar6 | 34 | 520 | smoms et M V'l
a5 420" 294 | 224 | aro | 12000ms ) =
45" 1o 607 Brace Angle Floor Brace Ancher
BITA | 35-0° o 6007 T4 25-3° aFor 19,000 bs*
B18 S0 ar-6” n-a 520 19,200 hs*
T14 Tilt-Up Pipe Brace T14 Tilt-Up Jumbo Brace To Order:
P*l:n". - Specify: (1) quantity, (2) name,
Piste (3) model
Batl Bearing
Coupler Example:
Telescoping i Danger| To provent 200, T14 Tilt-Up Wall Braces.
Pipes accidental remaval of Model BS.
alignment pin, irert
& Daytan Superice
Retairong Clip through
a hale in the alignment Fiand
pin, bending 1he Length
Fudhg portesn of Pipe
Adjusting the rad 1o a 45 deg
Serew mirémum angle
Adjusting
Screw Foot
Foat Plste
Plate
Tid Pipe Brace Selaction Chart
Type New Mame Description Minderorn -‘:E_ Brace Brace Weight (Lbs)
BO BAOSOBR Short Pipe Brace 50 w0 §-0° &0
BIA BACEIR Short Pipe Brace (TS o
B4 BALAZIR Hewvy Dty Regular Pipe Brace W6 10 276" 130
BS™ BAZZI9R Heawy Duty Long Pipe Brace 2 0WO 208
BT BITRIIR Shart Jumbo Brace 170 Fmdﬂ o7
B4 B2 humioo Brace 220 Fixed Lengih 0
B9 B22+5RTR Jurnibo Birace with 5-0° Extension ZT-D‘me m2
Bi0 B2, 10RSR Jumbo Brace with 10-0° Extension 370 Fined Length w3
Bl BA2S40R Tru-itt Brace 256" 0 400" 505
BizA BIZRIIR Jumbo 32-0° Fixed Longth 245
B3 B2TRIBR Jumbo 51/27 270" Fimed ﬂ 237
| Bl4° [B32+10RTR 812 Jumbo Brace, 10-0 Extension ]
BI5* BX2+20R5R B12 Jumbo Brace, 207-0" Extension 52'-0° Fimed Length 410
B6 BAIZ+SRIZR BI2 Jumbo Brace, 5-0° Extension 3T-0 Faned Length 3%0
BITA BAZRISR Super Brace 4207 Fixed Lengh 63
B17s BIIRISR Jurrbo Brace Foxed FECE S =
[ BSZRIR Super Brace 570" Fimed Leng e
Notes: * Field sssembly is requered for B14 and B1%5 braces. Fooed length sliows for /-7 of sdjustment except BITA brace has /TS5 of sdpusteant g 818 Brace has
11.75" of adjustmant on sach end. Pips Extensions: TI5 for the B8 model and T20 for the 12 model
B13 is Made To Order brace
5 Brace Muximum Langih s 39'-07, but & Knee Brace s required over 30°10° ‘g'
Uttimate Load based on adequate brace 1o HGA or slab connection. -
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3/22/21 ARE 898 Dillon Engelland
Masters Report
Limit State
Design (LRFD) Use[ 3 |BRACES
Brace Loading (26953)/(3)  EACH BRACE TAKES 8984 |Ib
8.98 |kips
Force
Component
Breakdown
8.98 kips
7.18 kips
L 4 9 -
5.41 kips .
2] 0.925 |radians
(7] 53 |degrees
(8.98)*cos(53) Horizontal Component 5.41 |kips for each
(8.98)*sin(53)  Vertical Component 7.18 |kips brace
ASD
use[ 3 Jomaces
Brace Loading (16172)/(3)  EACH BRACE TAKES 5391]Ib
5.39 |kips
Force
Component
Breakd own
5.39 kips
4.31kips
2]
3.24 kips
0 0.925 [radians
2] 53 |degrees
(5.39)*cos(53) Horizontal Component 3.24 |kips for each
(5.39)*sin(53)  Vertical Component 4.31 |kips brace
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3/22/21 AREB98 Dillon Engelland
Masters Report
STEP COMPUTATION REFERENCE
Horizontal Forces (5-inch Gravel)
Slab on Grade Assumed area of Slab Length 55 |ft
Information concrete slab to resist Slab Effective Width 8.67|ft
against sliding Slab Depth 5|in
55*8.67%(5/12) Slab Volume 198.69 |cf
Concrete Density 145 |pcf
145*198.69 Slab Weight, W| 28809.69 (Ib
28.81 |kips
Subgrade
Material Subgradel Gravel
Coefficient of Friction, p: Research
Resisting
Friction Force Fo=Wxpu F. 17.29 [kips
28.81*0.6
Horizontal Compareta ASD valye Horizontal Force Component kips Loading
Force
PASS
| SLAB DOES NOTSLIDE |
Alternative Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips

Divide horizontal component by Coefficient of Frictiun,;.:
friction coefficient to get required

weight of concrete 3.24/06 5.41 |kips

5406.919|lb

Divide weight by density to get

required volume Concrete Density pcf

5406.92 /145 Required Slab Volume 37.29|cf
Divide volume by slab width and Slab Effective Width 8.67 |ft
depth to get required slab length Slab Depth 5]in

37.29/8.67%(5/12) Required Slab Length 10.32|ft

Based on this calculation, when the subgrade material is Gravel, the
required slab-on-grade length to resist slab sliding is 10.32 ft.
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3/22/21 ARE 898 Dillon Engelland
Masters Report
STEP COMPUTATION REFERENCE
Horizontal Forces (5-inch Sand)
Slab on Grade Assumed area of Slab Length 55 |ft
Information concreteslab to resist Slab Effective Width 8.67|ft
against sliding Slab Depth 5|in
55*8.67*(5/12) Slab Volume 198.69 |cf
Concrete Density 145 |pcf
145*198.69 Slab Weight, W| 28809.69 |lb
28.81 (kips
Subgrade
Material Subgradel Sand
Coefficient of Friction, u Research
Resisting
Friction Force Fo=Wxpu F. 12.96 |kips
28.81*0.45
Ho;i;:):.;tal Compareto ASDvalue Horizontal Force Component kips Loading
PASS
| SLAB DOES NOTSLIDE ]
Alternative Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips

Divide horizontal component by Coefficient of Friction, u 0.45

friction coefficient to get required

weight of concrete 3.24/0.45 7.21 |kips
7209.226 (b
Divide weight by density to get
required volume Concrete Density pcf
7209.23 /145 Reguired Slab Volume 49.72 |cf
Divide volume by slab width and Slab Effective Width 8.67 |ft
depth to get required slab length Slab Depth 5|in

49.72 /8.67*(5/12) Required Slab Length 13.76 |ft

Based on this calculation, when the subgrade material is Sand, the
required slab-on-grade length to resist slab sliding is 13.76 ft.
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STEP COMPUTATION REFERENCE
Horizontal Forces (5-inch Soil)
Slab on Grade Assumed area of Slab Length 55 |ft
Information concrete slab to resist Slab Effective Width 8.67 |ft
against sliding Slab Depth 5|in
55*8.67%(5/12) Slab Volume 198.69 |cf
Concrete Density 145 |pcf
145*198.69 Slab Weight, W| 28809.69 |Ib
28.81 |kips
Subgrade
Material Subgradel Soil
Coefficient of Friction, p: Research
Resisting
Friction Force Fo=Wx pu F. kips
28.81*0.3
Ho;i;:):l;tal Compareto ASD value Horizontal Force Component kips Loading
PASS
[ SLAB DOES NOT SLIDE |
Alternakive Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips
Divide horizontal component by Coefficient of Frictiun,;.:

friction coefficient to get required
weight of concrete 3.24 /0.3 10.81 |kips
10813.84 |Ib

Concrete Density pcf
Regquired Slab Volume 74.58 (cf

Slab Effective Width 8.67|ft
Slab Depth 5|in

Divide weight by density to get
required volume

10813.84 /145

Divide volume by slab width and
depth to get required slab length

74.58 /8.67*(5/12) Required Slab Length 20.64 |ft

Based on this calculation, when the subgrade material is Soil, the
required slab-on-grade length to resist slab sliding is 20.64 ft.

76



3/22/21 ARE 898 Dillon Engelland
Masters Report
STEP COMPUTATION REFERENCE
Horizontal Forces (5-inch V. Barrier)

Slab on Grade Assumed area of Slab Length 55 |ft

Information concreteslab to resist Slab Effective Width 8.67|ft

against sliding Slab Depth 5|in

55*8.67*(5/12) Slab Volume 198.69 |cf

Concrete Density 145 |pcf
145*198.69 Slab Weight, W| 28809.69 |lb
28.81 (kips
Subgrade
Material Subgradel Vapor Barrier |
Coefficient of Friction, u Research
Resisting
Friction Force Fo=Wxpu F. kips
28.81*0.15
Ho;i;:):.;tal Compareto ASDvalue Horizontal Force Component kips Loading
PASS
| SLAB DOES NOTSLIDE ]

Alternative Find required length of concrete to resist slab sliding

Method

Horizontal Force Component kips

Divide horizontal component by Coefficient of Friction, u 0.15
friction coefficient to get required
weight of concrete 3.24/0.15 21.63 |kips
21627.68|Ib
Divide weight by density to get
required volume Concrete Density pcf
21627.68 /145 Reguired Slab Volume 149.16 |cf
Divide volume by slab width and Slab Effective Width 8.67 |ft
depth to get required slab length Slab Depth 5|in

149.16 /8.67*(5/12) Required Slab Length 41.29 (ft

Based on this calculation, when the subgrade material is Vapor Barrier,
the required slab-on-grade length to resist slab sliding is41.29 ft.
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STEP COMPUTATION REFERENCE
Vertical Forces (5-inch Slab)
Slab on Grade Assumed portion of Slab Length 15 |t
Information slab resisting Slab Effective Width 26 |ft
overturning moment Slab Depth 5|in
15%26*(5/12) Slab Volume 162.50 [cf
Concrete Density 145 |pcf
145*162.5 Slab Weight, W| 23562.5|lb
23.56 |kips
Overturning
Moment Overturning moment is ASD wind ASD Wind Force, F| 12428.89|lb Loading
force applied at 0.55 times the
overall height of the panel. force applied at 0.55*h ft
Overturning Moment, OTM 287.11 |k-ft
1.50TM = RM 1.5*0T™M 430.66 | k-ft
Resisting
Moment Resisting moment is the weight of Slab Weight, W 23.56 |kips
the concrete slab on grade applied
at thedistance from the panel to distance from brace 19.33 |ft Loading
thelocation of the brace attached insert to panel face
to theslab
Resisting Moment, RM 455.46 | k-ft
Comparison Check 1.5*0TM £RM PASS
Altemative Find required area of concrete to resist overturning moment
Method a &
1.5*0TM 430.66 | k-ft
Divide by the moment arm of the distance from brace 19.33|ft Loading

resisting moment
430

Divide by the density of the
concrete

.66/19.33

22.28*1000 /145

insert to panel face

[ zz38]kips
Concrete Densi‘ty pcf
[isass)er
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Divide by the thickness of the slab SlabDepth[ ___ 5]in
on grade
153.65 /(5/12) Required SF of Concrete|  368.76sf

Width of Effective Area ft
Required Length of Slab 14.18|ft

Based on this calculation, 368.76 square fest
oftheslabisrequired to prevent overturning.

In one direction, the entire width of the panel, 26 feet, can be used as
the width of the effective slab area. In the other direction, it is
reasonableto assumethat 7.5 feet of slab on either side of the anchor
location can be considered to help in resisting overturning moment.
This gives an effective length of 15 feet, and an effective square footage
of 390 sfof slab on grade. Thisis larger than the required areato resist
overturning.

Dillon Engelland

Anchor
Pullout

Dayton Superior's Bracing Information section on anchor rating takes
into account the tension force from the brace being applied at a 53
degree angle. Because of this, the load rating given is based on the
bracing system, and the ratingis to be compared to the load that the
brace will see.

Factored (strength level) Brace Load kips
Based on fc =4000 psi usingthe  Nominal Load Rating 11.288 |kips
3/4" diameter x4.5" long T13 Coil- of Anchor
Anchor (LRFD) resistanl:efactor
LRFD Load Rating 10.16 |kips

6. The Ultimate Load per T13 Coil-Anchor is shown below:

Average Ultimate Bracing System
Floor Slab Load Minimum
Thickness Torgue Per
Anchor
f¢'=2,500 psi fe'=4,000 psi
5" or
Thicker 8924 bbs 1288 bbs 200 ftlbs

Notes:  Ultimate load capacity of this system is based on tension applied
at 53 degree angle

Warning: When using T13 Coil-Anchor Bolts, always clean and lubricate

the balt with T13L Set-Eez. Failure 1o do so will result in bolt wear,

lower than expected load capacity and possible premature failure.
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T13 Coil-
Anchor
Information

ObA

g SUPERIOR

Bracing Information

T13 Coil-Anchor™ 3/4" Diameter x 4-1/2" Long Application Sequence

L Drill a 14" dameter hole perpendiculsr 10 the floor surface with a
new carbide tipped dril. Depth of She hole must be 3 minimum 4.
Holes drilled through siabs that are 57 or greater are acceptable.
Do not use core Bits for T13 anchor holes.

Minimum edge distance for e TI3 anchor 5 127
Warning! Do not use T1344-1/2%anchors i siabs less than §° thick.
The msutficent embedmaent dept will not sliow regured load capacity

Caution must be used when driling Srough slabs 5o that there 3 no.
Blowout at the bomtom of the hole.  Tang may not fully angage, greatly
reducing SWL: Of 1ang My 1ot engage il maiing e hole unusable
2 Thoroughly clean the drified hale.

T13 Cedl Anchar Bolt
Paten
A& Din x 40727 Lang

@

3 Tivesd the Tang onlo the

t 5.006.02)

TIInok Finger tight is
sufficent, ro more than 1-V2

turn.
Caution! Do not atemgt 10 pre-
expand he Tang. For proper loed

capacity, the Tang must not be

wtalied over 1-1/2 turn on the
Bolt

Warning! Do not attempt 10 use
» standard col bolt with the T13
Coll-Anchor Tang. Tha Coll
Anchor Bolt 18 & tapered bolt

4 %urn Tang

a0d (5 not interchangeable with

Aenderd cob baity

-
| v.:"o?'

T13G Thread

Note: TING Thvend Gauges wre
recommended, ' chack T13 bolt
theead wear, when reusing T1)

Coll- Anchar Bokts

A et e TT) anchor
Peough e t50 giate of
e wall brace wnd into e
propery & ed bole Drive
e boit Sown until the cut
washar fests o0 the foot
siate

S Tighten the T1) anchor
with & 14" impett wranch,
Pan e 8 Yorgue wrench
15 naure correct tightness.
Reter 10 the chart for peoper
forgung values
Warning! It wind speeds over 38
Milas par hour e aaparianced on
e j0b site. #ll TY) anchors should
Be checked with & forque wrench
15 werily proger 106que values are
mantened

6. The Uttimate Load per T13 Coil-Anchor is shown below:

Avernge Uttimate Bracing System | o

Floar Slab Load w
Ke2,500 w4000

oo | asmees | momees | 20mes

o 53 degree wgle

Notes  Ulmate load copacily 0f this sywiem is Daned on tenaon apphed

Warning: When using T13 Coit-Anchor Bolta, siways clean and kitecate
the bolt with TIML Set-Eez. Failure 1o do 50 will result in bolt wear,

lower than expected l0ad capacity and possdle premature fadlure

TI3L Set-Eez" Dry Film Lubricant
TIN Set-Eez Dry Fim Lubricant is desigred to faciitate the -

reuse of Pe T1 Col-Anchor bott. The
avadable in 6oz jars.

To Order:
Specity. (1) guantity, (2) name.

TIIL lubricant is

4 botties, TII Set-Eez Dry Film Lubricant.
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Punching
Shear

Critical
Section

Concrete
Information

Punching
Shear
Equations

(Two-Way)

Punching
Shear Capacity

Compareto
Vertical
Component of
Brace Load

Punching shear capacity will be determined via chapter 14 of the ACI
318-19 that pertainsto plain concrete. Theslab is plain concrete
becauseit is continuously supported by soil as stated in section
14.1.3(a).

Brace Foot Plate Length 10|in
Dimensions Width 6|in
h for concrete cast against soil is h:'in
the specified slab thickness minus
2in.
Critical shear section is foot plate Length 13|in
dimensions plus h/2 on each side Width 9lin
Perimeter, b, 44 |in
f. 4000 |psi
(normal weight) A 1
ratio of length to width of floor plate B| 1.666667

Punching shear is the least of the following two equations

2 4
Vo= (L ) GA 1" cboh)

4
Vo =232 [F'cboh)

o, 0.75

(minimum of the two) 'S 22.262 |kips
DV, 16.70| kips

Compareto Limit Vertical Component kips

State value

PASS
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STEP COMPUTATION REFERENCE
Horizontal Forces (6-inch Gravel)
Slab on Grade Assumed area of Slab Length 55|ft
Information concrete slab to resist Slab Effective Width 8.67 |ft
against sliding Slab Depth 6|in
55*8.67*%(6/12) Slab Volume 238.43 |cf
Concrete Density 145 |pcf
145*238.43 Slab Weight, W| 34571.63|lb
34.57 |kips
Subgrade
Material Subgradel Gravel
Coefficient of Friction, |u Research
Resisting
Friction Force Fe=Wxp F. 20.74 |kips
34.57*0.6
Horizontal Compareta ASD value Horizontal Force Component kips Loading
Force
[ SLAB DOES NOTSLIDE |
Altemative Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips

Divide horizontal component by Coefficient of Frictinn,p
friction coefficient to get required

weight of concrete 3.24 /0.6 5.41 |kips

5406.919 |Ib

Divide weight by density to get

required volume Concrete Density pcf

5406.92 /145 Required Slab Volume 37.29 (cf
Divide volume by slab width and Slab Effective Width 8.67|ft
depth to get required slab length Slab Depth 6|in

37.29/8.67%(6/12) Required Slab Length fit

Based on this calculation, when the subgrade material is Gravel, the

required slab-on-grade length to resist slab slidingis 8.6 ft.
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STEP COMPUTATION REFERENCE
Horizontal Forces (6-inch Sand)
Slab on Grade Assumed area of Slab Length 55 |ft
Information concreteslab to resist Slab Effective Width 8.67 [ft
against sliding Slab Depth 6|in
55*8.67%(6/12) Slab Volume 238.43 |cf
Concrete Density 145 |pcf
145*238.43 Slab Weight, W| 34571.63|lb
34.57 |kips
Subgrade
Material Subgradel Sand
Coefficient of Friction, |u Research
Resisting
Friction Force Fo=Wxpu F. 15.56 |kips
34.57*0.45
Horizontal Compareto ASD value Horizontal Force Component kips Loading
Force
PASS
| SLAB DOES NOTSLIDE |
Alternative . . . L
Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips
Divide horizontal component by Coefficient of Friction, ;.:

friction coefficient to get required

weight of concrete 3.24/0.45 7.21 |kips

7209.226 b

Concrete Density pcf
Regquired Slab Volume 49.72 |cf

Slab Effective Width 8.67|ft
Slab Depth 6|in

Divide weight by density to get
required volume

7209.23 /145

Divide volume by slab width and
depth to get required slab length

49.72 /8.67*%(6/12) Required Slab Length 11.47 |ft

Based on this calculation, when the subgrade material is Sand, the
required slab-on-grade length to resist slab slidingis 11.47 ft.
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STEP COMPUTATION REFERENCE
Horizontal Forces (6-inch Soil)
Slab on Grade Assumed area of Slab Length 55|ft
Information concrete slab to resist Slab Effective Width 8.67|ft
against sliding Slab Depth B|in
55*8.67%(6/12) Slab Volume 238.43 |cf
Concrete Density 145 |pcf
145*238.43 Slab Weight, W| 34571.63|lb
34.57 |kips
Subgrade
Material Subgradel Soil
Coefficient of Friction, |u Research
Resisting
Friction Force Fo=Wx u F. 10.37 |kips
34.57%0.3
Horizontal Compareto ASD value Horizontal Force Component kips Loading
Force
PASS
[ SLAB DOES NOTSLIDE |
Alternative . . . L
Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips

Divide horizontal component by Coefficient of Friction, u
friction coefficient to get required

weight of concrete 3.24/03 10.81 |kips
10813.84|(lb
Divide weight by density to get
required volume Concrete Density pcf
10813.84 /145 Required Slab Volume 74.58 |cf
Divide volume by slab width and Slab Effective Width 8.67 [ft
depth to get required slab length Slab Depth 6|in

74.58 /8.67%(6/12) Required Slab Length 17.20|ft

Based on this calculation, when the subgrade material is Soil, the
required slab-on-grade length to resist slab slidingis 17.2 ft.
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STEP COMPUTATION REFERENCE
Horizontal Forces (6-inch V. Barrier)
Slab on Grade Assumed area of Slab Length 55 |ft
Information concrete slab to resist Slab Effective Width 8.67 |ft
against sliding Slab Depth B|in
55*8.67*(6/12) Slab Volume 238.43 |cf
Concrete Density 145 |pcf
145*238.43 Slab Weight, W| 34571.63 [Ib
34.57 |kips
Subgrade
Material Subgradel Vapor Barrier |
Coefficient of Friction, u Research
Resisting
Friction Force Fo=Wxpu F. kips
34.57%0.15
Ho'r:i;:):;:al Compareto ASD value Horizontal Force Component kips Loading
PASS
[ SLAB DOES NOT SLIDE |
Altefnative Find reguired length of concrete to resist slab sliding
Method

Divide volume by slab width and
depth to get required slab length

Horizontal Force Component kips

Divide horizontal component by Coefficient of Friction, u 0.15
friction coefficient to get required
weight of concrete 3.24/0.15 21.63 |kips
21627.68 |Ib

Divide weight by density to get

Concrete Density pcf
Regquired Slab Volume 149.16 |cf

Slab Effective Width 8.67|ft
Slab Depth 6|in

required volume

21627.68 /145

149.16 /8.67%(6/12) Required Slab Length 34.41|ft

Based on this calculation, when the subgrade material is Vapor Barrier,
the required slab-on-grade length to resist slab sliding is 34.41 ft.
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STEP COMPUTATION REFERENCE
Vertical Forces (6-inch Slab)
Slab on Grade Assumed portion of Slab Length 15|ft
Information slab resisting Slab Effective Width 26|ft
overturning moment Slab Depth Blin
15*26*(6/12) Slab Volume 195.00 |cf
Concrete Density 145 |pcf
145*195 Slab Weight, W 28275|lb
28.28 |kips
Overturning
Moment Overturning moment is ASD wind ASD Wind Force, F| 12428.89|1b Loading
force applied at 0.55 times the
overall height of the panel. force applied at 0.55*h ft
Overturning Moment, OTM 287.11 |k-ft
1.50TM < RM 1.5*0T™ 430.66 | k-ft
Resisting
Moment Resisting moment is the weight of Slab Weight, W 28.28 |kips
the concrete slab on grade applied
at the distance from the panel to distance from brace 19.33 [ft Loading
thelocation of the brace attached insert to panel face
to theslab
Resisting Moment, RM 546.56 | k-ft
Comparison Check 1.5*0TM <RM PASS
Altemnative Find required area of concrete to resist overturning moment
Method a &
1.5*0TM 430.66 | k-ft
Divide by the moment arm of the distance from brace 19.33|ft Loading

resisting moment insert to panel face

430.66 /19.33 22.28 |kips
Divide by the density of the Concrete Density pcf
concrete
22.28%1000 /145 153.65|cf
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Divide by the thickness of the slab SlabDepth[  6]in
on grade
153.65 /(6/12) Required SF of Concrete| _ 307.30]sf

Width of Effective Area ft
Required Length of Slab 11.82|ft

Based on this calculation, 307.3 sguare feet of
theslab isrequired to prevent overturning.

In onedirection, the entire width of the panel, 26 feet, can be used as
the width of the effective slab area. In the other direction, it is
reasonable to assumethat 7.5 feet of slab on either side of the anchor
location can be considered to help in resisting overturning moment.
This gives an effective length of 15 feet, and an effective square footage
of 390 sfofslab on grade. Thisis larger than the required area to resist
overturning.

Dillon Engelland

Anchor
Pullout

Dayton Superior's Bracing Information section on anchor rating takes
into account the tension force from the brace being applied at a 53
degree angle. Because of this, the load rating given is based on the
bracing system, and the rating is to be compared to the load that the
brace will see.

Factored (strength level) Brace Load kips

Based on f'c =4000 psi usingthe  Nominal Load Rating 11.288 |kips

3/4" diameter x 4.5" long T13 Coil- of Anchor

Anchor (LRFD) resistance factor
LRFD Load Rating 10.16 |kips

6. The Ultimate Load per T13 Coil-Anchor is shown below:

Average Ultimate Bracing System
Floor Slab Load e
Thickness Ancher
fc'=2,500 psi | fc'=4,000 psi
rﬁ;ﬁ;r 8924 Ibs 11288 ibs 200 ft bbs

Motes:  Ultimate load capacity of this system is based on tension applied
at 53 degree angle

Warning: When using T13 Coil-Anchor Bolts, always clean and lubricate

the bolt with T13L Set-Eez. Failure 1o do so will resull in bolt wear,

lower than expected load capacity and possible premature failure.
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Punching
Shear

Critical
Section

Concrete
Information

Punching
Shear
Equations

(Two-Way)

Punching
Shear Capacity

Compareto
Vertical
Component of
Brace Load

Punching shear capacity will be determined via chapter 14 of the ACI
318-19 that pertains to plain concrete. Thesslab is plain concrete
becauseit is continuously supported by soil as stated in section
14.1.3(a).

Brace Foot Plate Length 10|in
Dimensions Width 6|in
h for concrete cast against soil is hljlin
the specified slab thickness minus
2in.
Critical shear section is foot plate Length 14]in
dimensions plus h/2 on each side Width 10}in
Perimeter, b, 48(in
f. 4000 |psi
(normal weight) A 1
ratio of length to width of floor plate B| 1.666667

Punchingshear is the |east of the following two equations

2 4 .
= 1+ GA [ cboh) Vo [_35.620]kips

4
Vo =22 [f cboh)

o, 0.75

(minimum of the two) v, 32.382 (kips

oV, 24.29|kips

Compareto Limit Vertical Component kips

State value

PASS
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STEP COMPUTATION REFERENCE
Horizontal Forces (8-inch Gravel)
Slab on Grade Assumed area of Slab Length 55 [ft
Information concrete slab to resist Slab Effective Width 8.67|ft
against sliding Slab Depth 8(in
55*8.67%(8/12) Slab Volume 317.90|cf
Concrete Density 145 |pcf
145*317.9 Slab Weight, W| 46095.5|lb
46.10 |kips
Subgrade
Material 5ubgrade| Gravel
Coefficient of Friction, ,u Research
Resisting
Friction Force Fe=Wxpu F. 27.66|kips
46.1%0.6
Ho;i;:):l:al Compareta ASD valle Horizontal Force Component kips Loading
PASS
| SLAB DOES NOTSLIDE |
Alternative Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips
Divide horizontal component by Coefficient of Friction, p:

friction coefficient to get required

weight of concrete 3.24 /06 5.41 |kips
5406.919|Ib

Divide weight by density to get

required volume Concrete Densitv pcf

5406.92 /145 Required Slab Volume 37.29|cf
Divide volume by slab width and Slab Effective Width 8.67 [ft
depth to get required slab length Slab Depth 8(in

37.29/8.67%(8/12) Required Slab Length ft

Based on this calculation, when the subgrade material is Gravel, the
required slab-on-grade length to resist slab sliding is 6.45 ft.
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STEP COMPUTATION REFERENCE
Horizontal Forces (8-inch Sand)
Slab on Grade Assumed area of Slab Length 55|ft
Information concrete slab to resist Slab Effective Width 8.67|ft
against sliding Slab Depth 8lin
55*8.67%(8/12) Slab Volume 317.90|cf
Concrete Density 145 |pcf
145*317.9 Slab Weight, W| 46095.5|lb
46.10 |kips
Subgrade
Material 5ubgrade| Sand
Coefficient of Friction, ,u Research
Resisting
Friction Force Fo=Wxpu Fs 20.74 |kips
46.1%0.45
Holr:i::):e‘tal Compare to ASD value Horizontal Force Component kips Loading
PASS
[ SLAB DOES NOTSLIDE |
Alternative Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips

Divide horizontal component by Coefficient of Friction,
friction coefficient to get required

weight of concrete 3.24 /0.45 7.21|kips
7209.226|lb
Divide weight by density to get
required volume Concrete Density pcf
7209.23 /145 Required Slab Volume 49.72 |cf
Divide volume by slab width and Slab Effective Width 8.67 [ft
depth to get reguired slab length Slab Depth 8lin

49.72 /8.67%(8/12) Required Slab Length ft

Based on this calculation, when the subgrade material is Sand, the
required slab-on-grade length to resist slab slidingis 8.6 ft.
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STEP COMPUTATION REFERENCE
Horizontal Forces (8-inch Soil)
Slab on Grade Assumed area of Slab Length 55 |ft
Information concreteslab to resist Slab Effective Width 8.67|ft
against sliding Slab Depth 8lin
55*8.67*(8/12) Slab Volume 317.90 |cf
Concrete Density 145 |pcf
145*317.9 Slab Weight, W| 46095.5|lb
46.10 [kips
Subgrade
Material Subgradel Soil
Coefficient of Friction, |u Research
Resisting
Friction Force Fo=Wxp F. 13.83 |kips
46.1%0.3
Holr:i;:):‘;tal Companeta ASD value Horizontal Force Component kips Loading
PASS
| SLAB DOES NOTSLIDE |
Altermative Find required length of concrete to resist slab sliding
Method

Horizontal Force Component kips
Divide horizontal component by Coefficient of Friction, p

friction coefficient to get required
weight of concrete 3.24/03 10.81 |kips
10813.84 (b

Concrete Density pcf
Required Slab Volume 74.58 |cf

Slab Effective Width 8.67 |ft
Slab Depth 8|in

Divide weight by density to get
required volume

10813.84 /145

Divide volume by slab width and
depth to get required slab length

74.58 /8.67*%(8/12) Required Slab Length 12.90 |ft

Based on this calculation, when the subgrade material is Soil, the
required slab-on-grade length to resist slab slidingis 12.9 ft.
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STEP COMPUTATION REFERENCE
Horizontal Forces (8-inch V. Barrier)
Slab on Grade Assumed area of Slab Length 55 |ft
Information concreteslab to resist Slab Effective Width 8.67|ft
against sliding Slab Depth 8lin
55*8.67%(8/12) Slab Volume 317.90|cf
Concrete Density 145 |pcf
145*317.9 Slab Weight, W| 46095.5|lb
46.10 [kips
Subgrade
Material 5ubgrade| Vapor Barrier |
Coefficient of Friction, u Research
Resisting
Friction Force Fo=Wx p F. kips
46.1%0.15
HDE;?::EI Compareto ASD value Horizontal Force Component kips Loading
PASS
| SLAB DOES NOT SLIDE |
Alternative Find required length of concrete to resist slab sliding
Method

Divide volume by slab width and
depth to get required slab length

Horizontal Force Component kips

Divide horizontal component by Coefficient of Frictinn,p
friction coefficient to get required
weight of concrete 3.24/0.15 21.63 |kips
21627.68 b

Divide weight by density to get

Concrete Density pcf
Required Slab Volume 149.16 |cf

Slab Effective Width 8.67 |ft
Slab Depth 8|in

required volume

21627.68 /145

149.16/8.67*%(8/12) Required Slab Length 25.81|ft

Based on this calculation, when the subgrade material is Vapor Barrier,
the required slab-on-grade length to resist slab sliding is 25.81 ft.
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STEP COMPUTATION REFERENCE
Vertical Forces (8-inch Slab)
Slab on Grade Assumed portion of Slab Length 15|ft
Information slab resisting Slab Effective Width 26|ft
overturning moment Slab Depth 8|in
15*26*(8/12) Slab Volume 260.00 |cf
Concrete Density 145 |pcf
145*260 Slab Weight, W 37700|!b
37.70|kips
Overturning
Moment Overturning moment is ASD wind ASD Wind Force, F| 12428.89 (b Loading
force applied at 0.55 times the
overall height of the panel. forceapplied at 0.55*%h ft
Overturning Moment, OTM 287.11 |k-ft
1.50TM < RM 1.5*0TM 430.66 | k-ft
Resisting
Moment Resisting moment is the weight of Slab Weight, W 37.70 |kips
the concrete slab on grade applied
at the distance from the panel to distance from brace 19.33|ft Loading
thelocation of the brace attached insert to panel face
to theslab
Resisting Moment, R 728.74 | k-ft
Comparison Check 1.5*0TM <RM PASS
Atermative Find required area of concrete to resist overturning moment
Method a €
1.5*0TM 430.66 | k-ft
Divide by the moment arm ofthe distance from brace 19.33 |ft Loading

resisting moment insert to panel face

430.66/19.33 22.28 |kips
Divide by the density of the Concrete Density pcf
concrete
22.28*1000/145 153.65|cf
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Divide by the thickness of the slab SlabDepth|  8]in

on grade
153.65/(8/12) Required SF of Concrete 230.48 |sf

Width of Effective Area ft
Required Length of Slab ft

Based on this calculation, 230.48 square feet
oftheslab is required to prevent overturning.

In onedirection, the entire width of the panel, 26 feet, can be used as
the width of the effective slab area. In the other direction, it is
reasonable to assume that 7.5 feet of slab on either side of the anchor
location can be considered to help in resisting overturning moment.
This gives an effective length of 15 feet, and an effective square footage
of 390 sfofslab on grade. Thisis larger than the required area to resist
overturning.

Dillon Engelland

Anchor
Pullout

Dayton Superior's Bracing Information section on anchor rating takes
into account the tension force from the brace being applied at a 53
degree angle. Because of this, the load rating given is based on the
bracing system, and the rating is to be compared to the load that the
brace will see.

Factored (strength level) Brace Load kips

Based on f'c =4000 psi usingthe  Nominal Load Rating 11.288 |kips

3/4" diameter x 4.5" long T13 Coil- of Anchor

Anchor (LRFD) resistance factor
LRFD Load Rating 10.16 |kips

6. The Ultimate Load per T13 Coil-Anchor is shown below:

Average Ultimate Bracing System
Floor Slab Load e
Thickness Ancher
fc'=2,500 psi | fc'=4,000 psi
rﬁ;ﬁ;r 8924 Ibs 11288 ibs 200 ft bbs

Motes:  Ultimate load capacity of this system is based on tension applied
at 53 degree angle

Warning: When using T13 Coil-Anchor Bolts, always clean and lubricate

the bolt with T13L Set-Eez. Failure 1o do so will resull in bolt wear,

lower than expected load capacity and possible premature failure.
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Punching
Shear

Critical
Section

Concrete
Information

Punching
Shear
Equations

(Two-Way)

Punching
Shear Capacity

Compareto
Vertical
Component of
Brace Load

Punching shear capacity will be determined via chapter 14 of the ACI
318-19 that pertainsto plain concrete. Theslab is plain concrete
becauseit iscontinuously supported by soil as stated in section
14.1.3(a).

Brace Foot Plate Length 10|in
Dimensions Width 6|in
h for concrete cast against soil is h|:|in
the specified slab thickness minus
2in.
Critical shear section is foot plate Length 16|in
dimensions plus h/2 on each side Width 12|in
Perimeter, b, 56|in
f. 4000 |psi
(normal weight) A 1
ratio of length to width of floor plate B| 1.666667

Punchingshear is the least of the following two equations

2 4
o= (14 ) GA 1" cboh)

4
Vo = 2(32 [f' boh)

o, 0.75

(minimum ofthe two) vV, 56.668 |kips
oV, 42.50] kips

Compareto Limit Vertical Component kips

State value

PASS
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ACI318-19
14.1.3

14.5.1.7

ACl 318-19

T.14.5.5.1

T.14.5.5.1

14.5.5.1(b)

14.5.5.1(c)

ACl 318-19
21.2.1

Loading
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