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SPECIFICATION & DESIGN MANUAL 

Before selection can take place, several factors should be
considered and reviewed to determine their effect on the
application. First, we need to consider the key components of
the fastened assembly. The following diagram shows a typical
fastened assembly using an anchor.

Some critical items to consider in the selection of a product
include the following:

1. Base material in which the anchor or fastener will be installed.
2. Loads applied by the fixture or material to be fastened.
3. Anchor or fastener material and the bolt / threaded rod.
4. Installation procedures including the method of drilling or the

installation tool used.
5. Effects of corrosion.
6. Dimensions of the base material including the material

thickness, anchor or fastener spacing, and edge distance.
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The materials used in building construction vary widely.  Although
fastening can occur in many materials, the base materials are
often the weak link in the assembly design. The base material is a
critical factor in the selection of an anchor or fastener because it
must be able to sustain the applied loads. Base material strength
can vary widely, and is a key factor in the performance of an
anchor or fastener. Generally, products installed in stone and
dense concrete can withstand far greater loads than those
installed in softer materials such as lightweight concrete, block,
or brick. Medium to heavy loads cannot be safely applied to
materials such as stucco, grout, shotcrete or plaster. Prior to
product installation, base materials should be fully cured. The
following sections provide a descriptive summary of typical base
materials for reference purposes. Refer to the individual product
sections for details on suitable base materials. Individual standards
and local codes should be consulted for complete design details.

Concrete
Reinforced concrete is formed using concrete meeting a certain
compressive strength combined with reinforcing steel (rebar). The
function of the concrete is to resist compressive forces while the

reinforcing steel resists the tensile forces. Two primary factors are
workability and strength. For fresh concrete, it must have the
proper consistency or workability to enable it to be properly
placed. Hardened concrete must be able to achieve the specified
performance factors including the required compressive strength.
The design and construction requirements for reinforced concrete
buildings are published by the American Concrete Institute 
in document ACI 318, Building Code Requirements for
Reinforced Concrete.

Concrete is a mixture of aggregate, cement, water, and additives.
Its strength is achieved through the hydration of the cement
component (usually portland) which is used to bind the aggregate
together. The type of cement used depends on the requirements
of the structure into which the concrete will be placed. The
requirements are outlined in ASTM C 150. A concrete mix design
consists of both fine and coarse aggregates. Fine aggregate is
usually particles of sand less than 3/16" in diameter while the
coarse aggregate is crushed stone or gravel greater than 3/16" in
diameter as outlined in ASTM C 33 for normal-weight concrete.
The aggregate used in normal- weight concrete ranges in weight
from 135 to 165 pcf. For structural lightweight concrete, the
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Post-installed anchors have been used since the early 1900’s to secure building components. 
Originally, the anchor hole was manually drilled using a star type drill and a hammer. An 
anchor consisted of a wood or lead plug which was carved or molded to size and driven into 
the drilled hole. As a screw or nail was inserted in the plug, it expanded against the wall of 
the hole. Commercially manufactured anchors were first made from lead or fiber material in 
a variety of sizes to match a bolt or screw. The original Rawlplug anchor was developed in 
1919. As the materials and techniques used in building construction changed, new anchors 
were developed to meet application needs.

During the second World War, powder-actuated fastening systems were developed for 
repairing damage to ships. After the war, use of powder-actuated fastening technology 
developed rapidly and became the standard method of attachment for many light duty 
applications in the construction industry. Today, a wide variety of anchors and fasteners 
are available including the use of gas fastening technology. Although the variety of choice 
provides the user with the opportunity to select the best product for a specific application, it 
also makes the selection process more difficult. For this reason, the load capacities and other 
criteria used to determine the type, size, and number of anchors or fasteners to be used for any given application need to be taken
into consideration. As in all applications, the load capacity and other criteria used to determine an anchoring system's suitability
should be reviewed and verified by the design professional responsible for the actual product installation.
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aggregate such as that manufactured from expanded shale,
slate, clay, or slag has a weight range of 55 to 75 pcf as listed
in ASTM C 330. The unit weight for normal-weight concrete
ranges from 145 to 155 pcf while structural lightweight
concrete ranges from 100 to 115 pcf.

Structural lightweight concrete is used where it is desirable to
decrease the weight of the building structure. It also has better
fire resistance than normal-weight concrete. The strength and
hardness of the aggregate will affect drilling speed, drill bit wear,
and drill bit life. Anchors or fasteners installed in lightweight
concrete may have load capacities which are up to 40% less than
those installed in normal-weight. Job site tests are recommended.
Another form of concrete is lightweight insulating concrete. This
type of concrete is used for thermal insulating and should not 
be confused with structural lightweight. ASTM C 332 lists the
aggregates used in lightweight insulating concrete in two groups.
Group I includes aggregates such as perlite or vermiculite. These
aggregates generally produce concrete ranging in weight from 15
to 50 pcf. The aggregates in Group II are prepared by expanding,
calcining, or sintering products such as blast furnace slag, fly ash,
shale, or slate. Natural materials such as pumice, scoria, or tuff
are also included in Group II and produce a concrete with a
weight range of 45 to 90 pcf. Lightweight insulating concrete
typically has compressive strengths ranging from 100 to 300 psi.
Job site performance tests are always required for installations
in lightweight insulating concrete.

Admixtures are specified in a mix design to modify the concrete,
either for placement characteristics or hardened properties. Air
entraining admixtures which disperse tiny air bubbles throughout
the concrete mix help to improve the freeze thaw resistance and
increase workability. Examples of other admixtures are
superplasticizers, which allow a reduction in the quantity of
mixing water for much lower water-cement ratios, or products
which accelerate or slow down the curing of the concrete.

While the type of cement, aggregate, and admixtures have an
impact on the compressive strength of the concrete, the water-
cement ratio is the primary factor affecting the strength. As the
water-cement ratio decreases, the compressive strength of the
concrete increases. In order to determine the compressive strength
of concrete, test specimens are formed in cylinders approximately
6" in diameter and 12" in length according to ASTM C 31. The
cylinders are broken according to ASTM C 39 at specified time
intervals, usually 7 and 28 days, and the resulting strength is
calculated to the nearest 10 psi increment.

The load capacities for installations in normal-weight concrete
listed in this manual are for concrete which has achieved its
designated 28 day compressive strength. For concrete that has
not cured at least 21 days, expected load capacities would be for
the actual compressive strength at the time of installation. Job
site tests are recommended for installations in concrete where the
material strength or condition is unknown or questionable. In
some sections, load capacities are also listed for installations in
structural lightweight concrete. The load capacities listed in this
manual were conducted in unreinforced test members to provide
baseline data which is usable regardless of the possible benefit 
of reinforcement.

To resist tensile forces, steel reinforcement such as deformed
reinforcing bars or welded wire fabric are placed in the forms
prior to the pouring of concrete. For prestressed or post-
tensioned concrete construction, bars, wire, or strands may be
used as the reinforcement. Smooth dowel bars are also used
primarily to resist shear loads. The following tables list the
dimensions and strengths of standard Grade 40 and Grade 60
deformed reinforcing bars according to ASTM A 615 and the
building codes.

The strengths listed in the table above are calculated based on
the following stresses. The allowable tensile stress, fs, for the
reinforcing is based on the building codes.

Generally, concrete is capable of sustaining a higher load than
brick or block. As the embedment depth of an anchor or fastener
is increased, the tension load will increase up to a point at which
either the capacity of the expansion mechanism or bond is
reached or the concrete fails locally. This phenomenon is
discussed in the individual product sections.

BASE MATERIAL (Continued)

No. 3 0.110 2,200 4,400 7,700 2,640 6,600 9,900
(71.0) (9.9) (19.8) (34.7) (11.9) (29.7) (44.6)

No. 4 0.200 4,000 8,000 14,000 4,800 12,000 18,000
(129.0) (18.0) (36.0) (63.0) (21.6) (54.0) (81.0)

No. 5 0.310 6,200 12,400 21,700 7,440 18,600 27,900
(200.0) (27.9) (55.8) (97.7) (33.5) (83.7) (125.6)

No. 6 0.440 8,800 17,600 30,800 10,560 26,400 39,600
(283.9) (39.6) (79.2) (138.6) (47.5) (118.8) (178.2)

No. 7 0.600 12,000 24,000 42,000 14,400 36,000 54,000
(387.1) (54.0) (108.0) (189.0) (64.8) (162.0) (243.0)

No. 8 0.790 15,800 31,600 55,300 18,960 47,400 71,100
(509.7) (71.1) (142.2) (248.9) (85.3) (213.3) (320.0)

No. 9 1.000 20,000 40,000 70,000 24,000 60,000 90,000
(645.2) (90.0) (180.0) (315.0) (108.0) (270.0) (405.0)

No. 10 1.270 25,400 50,800 88,900 30,480 76,200 114,300
(819.4) (114.3) (228.6) (400.1) (137.2) (342.9) (514.4)

No. 11 1.560 31,200 62,400 109,200 37,440 93,600 140,400
(1,006.4) (140.4) (280.8) (491.4) (168.5) (421.2) (631.8)

No. 14 2.250 45,000 90,000 157,500 54,000 135,000 202,500
(1,451.6) (202.5) (405.0) (708.8) (243.0) (607.5) (911.3)

No. 18 4.000 80,000 160,000 280,000 96,000 240,000 360,000
(2,580.6) (360.0) (720.0) (1,260.0) (432.0) (1,080.0) (1,620.0)
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Grade 40 Rebar Grade 60 Rebar

20,000 40,000 70,000 24,000 60,000 90,000
(138.0) (276.0) (483.0) (165.6) (414.0) (621.0)

Allowable
Tension

psi
(MPa)

Ultimate
Strength

psi
(MPa)

Yield
Strength

psi
(MPa)
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Tension

psi
(MPa)
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psi
(MPa)

Yield
Strength

psi
(MPa)

Grade 40 Rebar Grade 60 Rebar
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Poured in Place concrete 
using a form system

Composite slabs poured 
over steel deck

Precast tees Precast beams and columns

Precast plank Tilt-up wall panels

Post-tensioned slabs and beams

Common construction methods in which concrete can be used
are shown in the following figures.

Testing has been done specifically in precast plank on the
following products: 3/8” Hollow-Set Dropin, Mini Dropin, Zamac
Hammer-Screw, Lok-Bolt, 3/8" Threaded Stud. Contact Powers
Fasteners for details on this test.

Refer to the section on Tilt Wall Wedge-Bolt for fastening down
floor end brace shoes and attachment of lift plates for tilt-up 
wall panels.

Autoclaved Aerated Concrete (AAC)
Precast autoclaved aerated concrete (AAC) describes the
lightweight concrete building material that is relatively new in the
United States, but that has been used in other parts of the world
for over 70 years. The raw materials used in the production of
AAC are pulverized sand, water, cement, and lime – the same
ingredients as conventional concrete, with the exception that
there is no large aggregate in the mix. The raw materials are
batched together to form a slurry. The slurry is cast into steel
molds. Due to the chemical reactions that take place within the
slurry, the material expands, encapsulating tiny air bubbles within
the solid matrix. After setting, but before final hardening, the
mass is machine cut into units of various sizes. The units are then
steam-cured under pressure in autoclaves where the material is
transformed into fully cured and hardened products.

AAC is available as block products in a multitude of combinations
of thickness, height, length and compressive strength. AAC is 
also available as reinforced panels that can be used as non-load
bearing vertical and horizontal exterior wall panels, load bearing
vertical panels, and floor and roof panels. AAC products have
been successfully used in various types of commercial and
residential building construction as well as highway sound walls,
mines, firewalls, and shaft wall construction.

Product specifications for AAC can be found in ASTM C 1386 for
unreinforced block elements and in ASTM C 1452 for reinforced
panel elements. The range for minimum compressive strength is
300 psi to 1000 psi, with 580 psi being the most common value.
The range for dry bulk density is 25 pcf to 50 pcf, with most
common products manufactured at approximately 31-37 pcf.
Powers has tested various anchors and fasteners compatible with
the unique lightweight properties of AAC. Please reference
Appendix F for further information.

Masonry Materials
The strength of masonry walls is usually less than that of concrete
and the consistency of these materials can vary on a regional
basis. To form a wall, individual masonry units are bonded
together with a cement mortar. A vertical row is called a course
and a horizontal row is called a wythe. The strength of the
mortar is often the critical factor in product performance.
Anchors or fasteners may be installed in the horizontal mortar
joint or directly into some types of masonry units. In field testing,
products should be installed and loaded to simulate the actual
placement. The reaction bridge used should span the joint or unit
to provide an unrestrained test.

Hollow base materials require special care as the anchor or
fastener must be properly sized to coincide with the wall
thickness or selected to properly expand in the void for toggle
type anchors. When using anchors, spalling can occur during 
the drilling process, further decreasing the wall thickness.
Manufacturers of hollow base materials often specify a maximum
load that can be applied to the material. Since the strength of
masonry materials varies widely, job site tests are recommended
to determine actual load capacities for critical applications.

Concrete Block
Masonry block is found in a variety of sizes and shapes
depending upon the age and location of a building. Both hollow
and solid styles which can be classified as load-bearing or non-
load bearing are used. Load-bearing block, known as a concrete
masonry unit (CMU) is generally suitable for anchoring or
fastening. Job site tests are recommended for critical applications
due to the wide variations in these materials. ASTM C 90
describes hollow and solid load-bearing concrete masonry units
made from portland cement, water, and mineral aggregates,
both normal, medium and lightweight.

Typical shapes for concrete masonry units are shown in the
following diagrams. The term "face shell" refers to the outside
face of the block while the term "web" refers to the interior
portions between the hollow cells.



The difference between hollow and solid block is based on the
cross sectional bearing area of the block. Solid block is defined as
having a cross sectional bearing area which is not less than 75%
of the gross area of the block measured in the same plane.
Typical minimum dimensions for the face shell and web thickness
based on ASTM C 90 are listed in the following table.

One of the critical factors contributing to the strength of a
masonry wall is the type of mortar used to bond the masonry
units together. Mortar is made from a mixture of cement, very
fine aggregate, and water. ASTM C 270 describes cement-lime
and masonry cement mortars, each available in four types as
summarized in the following table.

To provide greater resistance to lateral loads, concrete masonry
units are often strengthened with steel reinforcing bars. In this
case, hollow units are grout filled to allow them to act together
with the reinforcing bars.

Experience has shown that the consistency of grout filled block
varies widely. Voided areas are often a problem, therefore, job
site performance tests are recommended.

In this manual, guide load capacities are published for some
products installed in the face shell of hollow load-bearing
concrete masonry units and at various embedments into grout
filled units.

For hollow units, most anchors were tested in walls constructed
using normal-weight concrete block meeting the requirements
of ASTM C 90, Grade N. Power-actuated fasteners were tested
in ASTM C 90, Grade N, lightweight block. Grade N signifies
that it is suitable for use in exterior walls above or below grade
which may or may not be exposed to moisture. The minimum
compressive strength from the ASTM specification is 1,900 psi.
Typical dimensions are nominally 8" x 8" x 16" with a face shell
thickness of 1-1/4" to 1-1/2". For 75% solid block, typical face
shell thickness is 2-1/4". Unless otherwise noted, products were
installed in the center of the hollow cell. For anchors, the face
shell thickness may be decreased by as much as 1/2" during 
the drilling operation due to spalling on the back side of the
face shell.

Grout filled block walls were constructed using the hollow 
block described above which was then filled with fine grout as
described in ASTM C 476. For anchor testing, both grout filled
walls and hollow block walls used a Type N cement-lime mortar
meeting ASTM C 270. A Type N cement-lime mortar meeting
ASTM C 270 was also used to construct the test walls for 
power-actuated fasteners.

Brick
Brick units are found in a variety of shapes, sizes, and strengths
depending upon the age and location of a building. Brick is
manufactured from clay or shale which is extruded / wire-cut,
machine molded, or handmade to shape then hardened
through a firing process. In the natural state, a buff colored
finish is obtained when using clay while shale produces a red
shade. The addition of mineral pigments, glazes, or other
compounds is used to change the visual impact of brick. Brick
can be used to form a load bearing wall or used as a veneer 
or facade.

Brick is produced as a solid masonry unit or with cores during
extrusion. The cores reduce the weight of the brick and help it
to lay better. ASTM C 652 describes hollow brick masonry units.
Hollow brick is defined as having a cross sectional bearing area
which is less than 75% of the gross area of the brick measured
in the same plane. Hollow brick units have stricter physical
property requirements than those for structural clay tile. The
cores often create a problem when attempting to install anchors
because the resulting thin walls cannot sustain the high bearing
stresses applied by a mechanical anchor. In this case, an
adhesive anchor is recommended. Brick walls are generally 
not suitable for power-actuated fasteners.

ASTM C 62 describes solid building brick while C 216 describes
solid facing brick. To provide greater resistance to lateral loads,
walls are often strengthened with steel reinforcing bars. The
wythes of brick are tied together and then grout filled to allow
them to act together with the reinforcing bars.

BASE MATERIAL (Continued)

3 3/4 3/4
(76.2) (19.1) (19.1)

4 3/4 3/4
(101.6) (19.1) (19.1)

6 1 1
(152.4) (25.4) (25.4)

8 1 1/4 1 1/4
(203.2) (31.8) (31.8)

10
1 3/8 1 1/8

(254.0)
(34.9) (28.6)

1 1/4 1 1/8
(31.8) (28.6)

12
1 1/2 1 1/8

(304.8)
(38.1) (28.6)

1 1/4 1 1/8
(31.8) (28.6)

Nominal CMU
Width

in.
(mm)

Face Shell
Thickness

in.
(mm)

Web
Thickness

in.
(mm)
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Grout-filled Concrete Masonry

Compressive
Mortar Type Strength

psi

M 2,500

Cement-Lime S 1,800
N 750
O 350
M 2,500

Masonry/Cement S 1,800
N 750
O 350
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Typical brick bearing wall

Brick facade (veneer) with ties – cavity walls

Typical clay tile shapes

Stone with tile backup Stone facade

When brick is used as a building facade, it is important to properly
tie it to the backup wall and structure using anchors manufactured
from a non-corrosive material such as stainless steel.

In this manual, guide load capacities are published for anchors
installed in solid brick and in multiple wythe brick walls. Anchors
were tested in walls constructed using brick meeting the
requirements of ASTM C 62, Grade SW. Grade SW signifies that
it is suitable for use in exterior walls exposed to severe
weathering. The minimum compressive strength from the ASTM
specification is 1,250 to 3,000 psi, however, actual strengths
typically range as high as 6,000 to 8,000 psi. Both single and
multiple wythe brick walls were constructed using a Type S
cement-lime mortar meeting ASTM C 270.

Stone
Natural stone is available in a variety of types, colors, and textures
for use in many building applications. Naturally occurring rock
which has been fabricated to a specific size and shape is referred
to as dimension stone as opposed to broken or crushed stone
such as that used for aggregate in concrete. The three common
classes of rock used to fabricate dimension stone are igneous,
metamorphic, and sedimentary. Granite is an igneous material
while marble building stone is metamorphic. Both of these stones
tend to be harder than limestone or sandstone which are
sedimentary materials. The strength and the quality of stone 
can vary dramatically from each stone quarry and for different
geological locations.

Generally, anchors installed in softer material such as limestone or
sandstone will have capacities similar to those obtained in 2,000
psi concrete. In harder stone such as granite or marble, the
capacities will be similar to 4,000 or 6,000 psi concrete. Job site
tests are recommended because of the wide variation in the
strengths of natural stone. Stone is not generally considered a
suitable base material for power-actuated fasteners.

Dimension stone units can be used to form a load bearing wall and
as a veneer or facade. Masonry constructed using stone with little
or no shaping is referred to as rubble while that using precisely
cut stone is called ashlar. When used as a building facade, it is
important that the stone be properly tied to the backup wall
using anchors manufactured from a non-corrosive material such
as stainless steel. ASTM C 119 describes dimensional stone for
use in building construction. Specifications for individual stone
types include C 503 for marble, C 568 for limestone, C 615 for
granite, and C 616 for quartz-based material.

Structural Clay Tile
Structural clay tile units are found in a variety of shapes, sizes,
and strengths for use primarily in walls. The tile units are
manufactured from clay, shale, or fire clay which is extruded 
to shape then hardened through a firing process. Finished 
units may have a natural finish or may be glazed. During the
extrusion process, several continuous cells or hollow spaces are
formed within the exterior shell of the tile. The typical thickness
of the outer shell is 3/4" with a 1/2" thick interior web. End-
construction tile is designed to be placed in a wall with the axis 
of the cells vertical while side-construction tile is placed with the
axis of the cells horizontal.

These materials present a problem when attempting to install
anchors because the resulting thin walls cannot sustain the high
bearing stresses applied by a mechanical anchor. For light duty
loads, a hollow wall anchor which opens behind the face shell
may be used. For heavier loading, an adhesive anchor installed
using a screen tube inserted through the face shell and interior
web is suggested. In most cases, job site tests are recommended.
Structural clay tile is not a suitable base material for power-
actuated fasteners.

Structural clay tile units can be used to form a load bearing wall
and as a veneer or facade. ASTM C 34 describes structural clay
tile for load bearing walls. Tile of Grade LBX is suitable for
exposure to weather while Grade LB is normally used in a
protected environment. The minimum compressive strength for
this type of unit ranges from 500 to 1400 psi depending upon
the orientation and grade. Structural clay facing tile is described
in ASTM C 212.
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For non-load bearing applications, ASTM C 56 describes
structural clay tile used primarily for partitions. This type of tile
is sometimes referred to as architectural terra cotta although this
term is more appropriately applied to ornamental building units.
No minimum compressive strength is specified for this type 
of tile.

Steel Deck
Steel deck is available in many configurations for use as a floor
deck (both composite and non-composite) or a roof deck. It is
usually cold formed from steel sheet to provide the combination
of deck type, depth, and gage (thickness) to meet the application
requirements. A rib shape, formed in various depths and sizes,
adds strength in flexure depending upon the length of span. 
Steel deck may be supplied uncoated, painted, or zinc coated
according to ASTM A 525 in various thicknesses. Common zinc
coating thicknesses are Grade 90 (0.90 oz./ft2 ) and Grade 60
(0.60 oz./ft2). The following diagram shows a typical steel deck
cross section.

Industry standards for the design, manufacture, and use of steel
deck are provided by the Steel Deck Institute (SDI), Factory
Mutual Research Corporation (now known as FM Global), and
Underwriters Laboratories (UL). Material requirements are also
listed in ASTM A 611 and A 446. The yield strength of the steel
deck varies from 25,000 to 80,000 psi, depending on the
grade. Today, steel deck is commonly specified by a decimal
thickness rather than a gage number. For reference purposes,
the following chart lists the gage number and the equivalent
thickness of uncoated steel.

Steel floor deck used for composite construction with concrete fill
has typical rib depths of 1-1/2", 2", and 3". Other depths up to
7-1/2" are available. This type of deck is normally manufactured
to meet the requirements of Section A3 of the latest edition 
of the American Iron and Steel Institute (AISI) specification for 
the Design of Cold-Formed Steel Structural Members, with a
minimum yield strength of 33,000 psi. Non-composite steel form
deck is used as a permanent form for concrete slabs with rib
depths ranging from 1/2" to 2".

For steel roof deck, the ribs are classified as narrow, intermediate,
or wide with a 1-1/2" minimum depth spaced at 6" on center.
Deep rib deck with a 3" minimum depth with ribs spaced at 8"
on center is also available. Other types of steel decking include
acoustical sound absorbing floor or roof decks, long span roof
decks, and cellular roof decks.

Gypsum Concrete Deck
Gypsum concrete roof decks have been installed for over fifty
years. They are manufactured from calcined gypsum, wood
chips, shavings, or mineral aggregate and a large volume of
water. Gypsum concrete decks were produced as a precast
tongue and groove plank with metal wrapped edges or poured
(cast) in place at the job site. Plank decks are often thinner 
(1-1/2" to 2") and denser than poured gypsum concrete. Like
poured concrete, the density of gypsum varies widely based 
on the water to cement ratio used. Poured in place gypsum
concrete is cast on form boards which are attached to the roof
frame, usually bar joists. The product manufactured using wood
chips was trade named Pyrofil, while the product with the
mineral aggregate was called Thermofil.

ASTM C 317 describes mill-mixed gypsum concrete for use in
poured in place roof decks. Once poured, the setting time ranges
from a minimum of 20 minutes to a maximum of 90 minutes.
The minimum compressive strength for gypsum concrete is 
500 psi for Class A and 1000 psi for Class B. Precast deck 
may be higher in compressive strength and denser. Since the
condition and strength of gypsum concrete varies widely, job site
performance tests for roofing fasteners are always recommended.

BASE MATERIAL (Continued)

Structural clay partition

A
G

B D

E F
C

A – Rib E – Web
B – Top Flange F – Depth
C – Side Lap G – Coverage Width
D – Module

9 0.1495 19 0.0418
(3.8) (1.1)

10 0.1345 20 0.0359
(3.4) (0.9) 

11 0.1196 21 0.0329
(3.0) (0.8) 

12 0.1046 22 0.0299
(2.7) (0.8)

13 0.0897 23 0.0269
(2.3) (0.7)

14 0.0747 24 0.0239
(1.9) (0.6)

15 0.0673 25 0.0209
(1.7) (0.5)

16 0.0598 26 0.0179
(1.5) (0.5)

17 0.0538 27 0.0164
(1.4) (0.4)

18 0.0474 28 0.0149
(1.2) (0.4)

Thickness
in.

(mm)

Steel Gage
Number

Steel Gage
Number

Thickness
in.

(mm)
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Structural Cement Wood Fiber
Structural cement wood fiber roof decks are composed of
shredded strands of wood fiber held together with a mineral
binder. This material serves as the structural deck with insulating
value and often is exposed as the finished ceiling. It is produced
in tile form for installation over bulb “T" subpurlins, plank form
for attachment directly over the roof frame such as bar joists,
and as form board for cast in place concrete. In some cases, 
the cement wood fiber deck may have a mortar or concrete
slurry topping.

There are several types of cement wood fiber decks. Tectum is
produced by Tectum, Inc. located in Newark, Ohio using fine
Aspen wood fibers and a hydraulic binder. It is the lightest in
weight of the cement wood fiber decks and has a white-brown
color with even fiber distribution. Tectum II has a factory applied
urethane foam layer for insulating value. Insulrock was marketed
by Flintkote heavily in the northeastern United States. It has short
chopped fibers pan-formed into deck tiles using a portland
cement as the binder. The shorter fibers and heavy cement
content visibly identify this product. Petrical, Permadeck, and
Fibroplank are made with southern wood pine fibers bound
together with portland cement. Permadeck and Fibroplank also
make products similar to Tectum II. These decks can be identified
by the dark gray cement around the perimeter. Other types may
also be available.

The condition and strength of cement wood fiber decks varies
widely, therefore job site performance tests for roofing fasteners
are always recommended.

Structural Wood Panels
Structural wood panels are manufactured in several grades from
dozens of wood species. Two types of these panels are plywood
and oriented strand board (OSB).

Plywood used for structural applications is generally
manufactured from softwood trees such as Douglas Fir, Western
Hemlock, Southern Pine, and the true firs. Two types are typically
available, “Exterior” with a waterproof glueline and “Exposure I”,
also with a waterproof glueline. Plywood is constructed from a
series of veneers which are rated A (highest) to D (lowest). The
panels are usually, but not always, made up of an odd number of
veneers or plies which are bonded together in layers with the
grain direction alternating at right angles. For exterior plywood,
the minimum grade of veneer used is C. The structural wood
panel industry has established a grade rating system to describe
the overall panel based on the veneer grade used on the face and
back of the panel such as A-C or B-B.

Oriented strand board (OSB) is constructed from softwood or
hardwood strands which are compressed and glued with
waterproof glue into panels. The panels are made up of an odd
number of layers which are bonded together and oriented at
right angles.

Plywood and OSB panels used for roof, wall, subfloor sheathing,
and single layer floors are typically manufactured to performance
standards. Job site tests are recommended for applications in
these base materials.

Gypsum Wallboard
Gypsum wallboard is manufactured with an incombustible core,
primarily gypsum, which is surfaced with paper bonded to the
core. The back surface may also be coated with foil which acts as
a vapor barrier and as a thermal insulator. Special application
wallboard is available such as water resistant board and Type X
which is a special fire resistant board. Regular gypsum wallboard
is supplied in 4' widths in 1/4", 3/8", 1/2", and 5/8" thickness
ranging in length from 4' to 16'. Gypsum wallboard is also
available in 3/4", 1", and 2" thickness for use in enclosing shafts
and as a sound reducing underlayment. Double layers of board
are often used to achieve specific fire ratings.

ASTM C 36 describes gypsum wallboard. The density and
strength of gypsum wallboard varies depending upon the
manufacturer and region of the country. Other factors which
affect the strength of the board are the thickness and humidity.
Since there is a wide variation in the strength of the board, the
load capacities published in this manual for anchors installed 
in gypsum wallboard should be used as a guide. For critical
applications, job site tests should be performed.

BASE MATERIAL (Continued)



The corrosive environment in which an anchor or fastener will
be installed should be considered. Corrosion can be described
broadly as the destruction of a material due to chemical 
or electrochemical reactions based upon the application
environment. Industry estimates of the annual cost of corrosion
place it in the billions of dollars. The subject of corrosion is very
complex and knowledge is constantly being gained based on
industry experience. Chemical and electrochemical corrosion 
are described in the following two sections to provide a basic
understanding of the process.

Chemical Corrosion
Direct chemical attack occurs when an anchor or fastener is
immersed in the corrosive substance, typically a liquid or a gas.
For example, an anchor used to restrain equipment in a water
treatment tank would have to be made from a material which
would be resistant to chlorine or other corrosive liquids present.
This type of corrosion can also occur when a stone facade is
attached to a backup wall. Mild acids can be formed in the wall
cavity due to reaction of condensation with the attached stone.
The product selected would have to be resistant to the type of
acid formed.

Electrochemical Corrosion
All metals have an electrical potential which has been measured
through research and ranked into an electromotive force series.
When two metals of different electric potential are brought 
into contact in the presence of an electrolyte, the metal with
the lower potential (least noble) will form the anode while 
the metal with the higher potential (most noble) will form the
cathode. As current flows from the anode to the cathode, a
chemical reaction will take place. The metal forming the anode
will corrode and will deposit a layer of material on the metal
forming the cathode. As the electric potential between two
dissimilar metals increases, the stronger the current flow and
corresponding rate of corrosion. The rate of corrosion will also
be influenced by the conductivity of the electrolyte.

Galvanic Series
+ Corroded End (Anodic or least noble)

- Protected End (Cathodic or most noble)

In order to provide a more practical approach to understanding
the electromotive force series, testing was conducted on
commercial alloys and metals in sea water to develop a chart
called the Galvanic Series. One of the reasons sea water was used
as the electrolyte was because it has a high conductivity rate. The
above chart lists a representative sample of dissimilar metals and
indicates their relative potential for galvanic corrosion. When two
dissimilar metals are in contact (coupled) in the presence of a
conductive solution or electrolyte (i.e. water) electric current flows
from the less noble (anodic) metal to the more noble (cathodic)
metal. In any couple, the less noble metal is more active and
corrodes while the more noble metal is galvanically protected.

To prevent galvanic corrosion, the following precautions can 
be used:

1. Use the same or similar metals in an assembly. Select metals
which are close together in the Galvanic Series.

2. When dissimilar metals are connected in the presence of a
conductive solution, separate them with dielectric materials
such as insulation, a sealing washer, or a coating. Coatings
should be kept in good repair to prevent accelerated attack at
any imperfection.

3. Avoid combinations where the area of the less noble material
is relatively small. It is good practice to use anchors or fasteners
made from a metal which is more noble than that of the
material being fastened.

In critical applications, testing should be conducted to simulate
actual conditions.

Other types of electrochemical corrosion such as stress corrosion
may need to be considered depending upon the application.

Coatings and Platings
A variety of coatings and platings are offered to resist various
extremes of corrosion. A plating metal which is less noble (lower
electric potential) than the base metal it is designed to protect is
usually selected. When subjected to an electrochemical reaction,
the plating will corrode or sacrifice while the base metal remains
protected. Once the plating has been reduced significantly, the
base material will then begin to corrode. If a plating metal which
is more noble is selected, the base metal would begin to corrode
immediately if the plating is damaged.

Magnesium
Magnesium alloys
Zinc
Aluminum 1100
Cadmium
Aluminum 2024-T4
Steel or Iron
Cast Iron
Chromium-iron (active)
Ni-Resist cast iron
Type 304 Stainless (active)
Type 316 Stainless (active)
Lead tin solders
Lead
Tin
Nickel (active)
Inconel nickel-chromium alloy (active)
Hastelloy Alloy C (active)
Brasses
Copper
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Bronzes
Copper-nickel alloys
Monel nickel-copper alloy
Silver solder
Nickel (passive)
Inconel nickel-chromium alloy (passive)
Chromium-iron (passive)
Type 304 Stainless (passive)
Type 316 Stainless (passive)
Hastelloy Alloy C (passive)
Silver
Titanium
Graphite
Gold
Platinum
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Zinc Coatings and Platings
For carbon steel anchors and fasteners, zinc is one of the most
common plating materials used because it can be applied in a
broad thickness range and because it is less noble than carbon
steel. Zinc may be applied by electroplating, mechanical methods,
or hot dip galvanizing. 

The following table shows the typical mean corrosion rate of zinc
based on data compiled by ASTM. Theoretically, the life expectancy
of a zinc plating would be the thickness of the plating divided by
the corrosion rate. These values should only be used as a guide
since actual performance will vary with local conditions.

The standard zinc plating used on carbon steel anchors is applied
using electroplating. The anchor components are immersed in a
water based solution containing a zinc compound. An electrical
current is then induced into the solution causing the zinc to
precipitate out, depositing it onto the components. Powers
carbon steel products are typically electroplated according to
ASTM B 633, SC1, Type III. SC1 signifies Service Condition 1
which is for a mild environment with an average coating
thickness of 5 microns (0.0002"). This condition is also classified
as Fe/Zn 5. Type III indicates that a supplementary clear chromate
treatment is applied over the zinc plating. Prior to applying 
the chromate treatment, heat treated products which are
electroplated are normally baked to provide relief from any
hydrogen trapped in the granular matrix.

Power-actuated fasteners are designed to be used in a non-
corrosive atmosphere unless application specific corrosion testing
has been performed. To reduce the possibility of the embrittlement
of a heat treated part, the standard finish for all Powers' power-
actuated fasteners is mechanically applied zinc meeting the
requirements of ASTM B 695, Class 5, Type I. Class 5 signifies 
an average minimum coating thickness of 5 microns (0.0002"),
while Type I indicates that there is no supplementary coating.

Heavier zinc platings or coatings are often described using the
term galvanized. Another zinc coating which is available on some
carbon steel anchors such as the Power-Stud is mechanically
applied. To apply this coating, the anchor components and glass
beads are placed in a chamber on an agitating machine. As the
chamber is agitated, powdered zinc compound is gradually added
allowing the glass beads to pound the zinc onto the surface of
the anchor components. Carbon steel products which are coated
using this method are mechanically galvanized according to
ASTM, B 695, Class 65, Type I. Class 65 indicates that the
average coating thickness is 66 microns (0.0026") while Type I
denotes that a supplementary chromate treatment is not applied.
Hot dip galvanizing is not recommended for mechanical
expansion anchors as it tends to act as a lubricant which
significantly alters the performance of the anchor. A mechanically
applied coating will normally provide equivalent performance.

ASTM A 153, Type C describes the requirements for applying a
zinc coating using a hot dip method. According to this

specification, the average weight of the zinc coating applied to
the surface of anchors over 3/8" in diameter should be 1.25
oz./ft.2. The specification also notes that 1.0 oz./ft.2 corresponds
to an average coating thickness of 1.7 mils (0.0017"). Based 
on this, 1.25 oz./ft. 2 x 1.7 = 2.13 mils (0.0023"), the required
average minimum coating thickness. The average coating
thickness on a component which has been mechanically 
applied according to ASTM B 695, Class 65 is 66 microns or 
2.6 mils (0.0026") which exceeds the requirement for a hot
dipped anchor.

Barrier Coatings
To provide increased protection from the effects of corrosion on
smaller diameter anchors used in roofing applications, Powers has
developed a proprietary fluoropolymer coating called Perma-
SealTM. This coating provides better resistance to corrosion and
abrasion than traditional zinc electroplating or mechanical
galvanizing. Coatings of this type are often called barrier coatings
because they seal the part as opposed to zinc platings which 
are sacrificial.

When a component is coated with Perma-SealTM., a zinc enriched
phosphate base is first applied to the surface followed by a
proprietary process during which a polymer based material is
bonded over the base coat. This creates a finish which resists 
the corrosive environment created by the high saline (salt) content
of most insulation boards, acid rain, and the acids which are
produced by ponded water in most built-up or single ply roofing
systems. Coatings of this type are typically tested according to DIN
Standard 50018, 2.0S, which is a test method referred to as a
Kesternich Test. As a measure of corrosion resistance when using
this test method, Factory Mutual Standard 4470 (Now FM Global)
establishes an allowable surface corrosion (red rust) limit of 15%
of the surface area after 15 cycles of exposure. The Perma-SealTM.
coating exceeds this requirement withstanding 30 cycles of
exposure with less than 15% surface corrosion (red rust).
Additional testing conducted in a salt spray chamber according to
ASTM B 117 shows that the Perma-SealTM. coating can withstand
over 1,000 hours of exposure with no surface corrosion.

Corrosion Resistant Materials
In addition to coatings and platings, Powers offers a variety of
materials which provide varying degrees of corrosion resistance.

Stainless Steel
Stainless steels were originally named according to their
chromium and nickel content. One of the first types developed
contained 18% chromium and 8% nickel and was therefore
called 18-8 stainless steel. As newer types of stainless steel were
developed with properties to meet specific application needs, the
American Iron And Steel Institute (AISI) established a standard
numbering system to classify the various types of stainless steel.
In order to be considered a stainless steel in the AISI system, an
alloy must contain at least 11.5% chromium. Chromium-nickel
alloys became the 300 series stainless steels while chromium
alloys became the 400 series.

Stainless steels develop their resistance to corrosion by forming
a thin, self healing, passive film of chromium oxide on their
surface. During the forming or machining process, the surface
of components made from stainless steel may become
contaminated with small particles of foreign matter. In order 
to maintain the optimum performance of the stainless steel,

CORROSION RESISTANCE (Continued)

Atmosphere Mean Corrosion Rate
Industrial 5.6 microns (0.00022") per year
Urban non-industrial or marine 1.5 microns (0.00006") per year
Suburban 1.3 microns (0.00005") per year
Rural 0.8 microns (0.00003") per year

Indoors Considerably less than 0.5 microns
(0.00002") per year



components are passivated after manufacturing. The basic
passivation process involves cleaning or degreasing the
components, immersion in a nitric acid bath, rinsing and drying.
Once the process is complete, the oxide film is formed again
without the entrapment of foreign particles.

The 300 series of stainless steels are austenitic alloys which are
nonmagnetic and are not heat treatable, although they can be
annealed. Anchors made from 300 series stainless steel can
exhibit very slight magnetic properties due to the manufacturing
process. In order to achieve higher tensile strengths, this series 
of stainless must be cold worked. For some components, a
minimum yield strength is specified based on the work hardening
which occurs during the cold forming process. In the industry, the
term 18-8 is still used to generically describe the 300 series of
alloys, especially Types 302, 303, and 304. Powers provides
anchors formed from Types 303, 304, 304 Cu, and 316 stainless
steel. Type 303 is used where machinability is required for
products such as a Steel Dropin anchor. This type of stainless steel
has a higher sulfur content than Type 304 which reduces drag on
cutting tools, especially when forming internal threads. Type 304
and 304 Cu (302 HQ) stainless steels are used to form anchors
such as the Power-Stud and the Power-Bolt. This type of stainless
steel is one of the most widely specified. It is commonly used
outdoors in a nonmarine environment and for applications in the
food processing industry. For more severe corrosive environments,
Type 316 stainless steel is available. Type 316 has a higher nickel
content than Type 304 and the addition of molybdenum. This
provides increased resistance to pitting caused by chlorides (salts)
and corrosive attack by sulfurous acids such as those used in the
paper industry.

Ferritic and martensitic alloys make up the 400 series of stainless
steels. Generally, the martensitic alloys in this series are heat
treatable, however, their corrosion resistance is well below that of
a 300 series stainless steel. 400 series stainless steels also exhibit
magnetic properties.

Other Materials
Depending upon the corrosive environment, Powers also provides
several alternate materials which may be used instead of stainless
steel. These materials include:

Corrosion Tests
Two methods that have been used to evaluate relative corrosion
resistance are salt spray (fog) testing and a European test method,
DIN Standard 50018, 2.0S, known as a Kesternich Test.

Salt Spray Testing
Salt spray testing, also known as salt fog testing, is conducted
according to ASTM B 117. The components to be tested are
prepared and suspended in a sealed chamber where they are
subjected to a spray or fog of a neutral 5% salt solution which 
is atomized at a temperature of 95° F. Testing of this type was
considered useful when evaluating the behavior of materials
when subjected to a marine environment. Today the most
common corrosion resistance testing is performed in the
Kesternich Cabinet.

Kesternich Test
This test method is a far more severe measure of corrosion
resistance when compared to the salt spray method. The
components to be tested are prepared and placed in a special
unit called a Kesternich Test Cabinet. Corrosion testing is
conducted according to DIN Standard 50018, 2.0S. Two liters of
distilled water are placed in the bottom of the cabinet and it is
then sealed. Once sealed, two liters of sulfur dioxide are injected
into the cabinet and the internal temperature is set to 104° F for
the cycle. Each 24 hour cycle begins with 8 hours of exposure to
the acidic bath created in the cabinet. The cabinet is then purged
and opened, the test specimens are rinsed with distilled water
then allowed to dry at room temperature for 16 hours. The test
specimens are examined for surface corrosion (red rust) at the
end of each cycle. The following table compares the relative
surface corrosion (red rust) of various coatings, platings, and
materials after 30 cycles of exposure in a Kesternich Test Cabinet.
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Lead Zamac alloy Engineered plastic

Coating/Plating/Material % Surface Corrosion
Cadium 100% after 4 cycles
Perma-SealTM 5 to 10% after 30 cycles
Stainless steel – Type 304 None after 30 cycles
Stainless steel – Type 316 None after 30 cycles
Stainless steel – Type 410 100% after 3 cycles
Stainless steel – Type 410 5 to 10% after 30 cycles
with Class 4 coating
Zinc with clear chromate 100% after 3 cycles(ASTM B 633)
Zinc with yellow dichromate 100% after 3 cycles(ASTM B 633)
Mechanically galvanized 100% after 3 cycles(ASTM B 695)
Zamac Alloy None after 30 cycles



The fundamentals of anchor and fastener design include the
calculation of allowable working load capacities based on
laboratory test data conducted to simulate typical field conditions.
Powers publishes ultimate and allowable load capacities for
anchors installed in concrete and masonry units along with other
appropriate base materials.

Test Procedures and Criteria
The test data for anchors published in this manual was developed
according to ASTM E 488, Standard Test Methods for Strength of
Anchors in Concrete and Masonry Elements. Published load
values are average ultimate (failure) loads based on actual testing
in the base materials listed in the individual product sections.
Each individual data point is typically the average of five or
more individual tests.

For power-actuated fasteners, test data was developed
according to ASTM E 1190, Standard Test Methods for Strength
of Powder Actuated Fasteners Installed in Structural Members.
Published load values are average ultimate (failure) loads based
on actual testing in the base materials listed in the section 
on these fasteners. Each individual data point is typically the
average of ten to thirty individual tests depending upon the
coefficient of variation obtained. Since the compressive strength
of concrete will influence the strength of an anchor or fastener,
testing is usually conducted in several different strengths.
Normally, the base materials are unreinforced to provide a 
worst case simulation.

Tension Test Data
Tension test data is sometimes referred to as pullout or tensile
test data. A typical hydraulic test assembly used to perform a
tension test on an anchor is shown in the following diagram. A
similar assembly is used for testing powder actuated fasteners
except that deflection is not measured.

The test equipment frame is designed to support the hydraulic
test unit and span the test area so that reaction loading does not
influence the test results. During testing, load is gradually applied
to the anchor in an axial direction by a hydraulic cylinder while
the displacement is measured using an electronic displacement
sensor. The load is measured by a hollow core load cell and the
resulting performance is recorded by a data acquisition unit.
Loading is continued until the ultimate (failure) load is achieved.
The ultimate load capacity recorded may be based on any one or
combination of failure modes shown later in this manual.

During testing, the tension capacity of anchors and fasteners may
increase with deeper embedments. This is due to the increased
amount of base material available to resist the compressive 
forces applied by a mechanical expansion anchor, the increased
compression area against the shank of a powder actuated
fastener, or the increased surface area available for bonding with
an adhesive type anchor. In some anchors, the capacity of the
expansion mechanism may have been reached at the shallowest
embedment and the load will not increase.

Shear Test Data
The typical setup for a hydraulic test unit used for applying a shear
load to an anchor is shown in the following diagram. A similar set
up would be used for testing powder actuated fasteners.

The test load is applied perpendicular to the anchor using the
hydraulic equipment previously described. During testing of
mechanical anchors, the shear capacity will increase as the
embedment of the anchor increases, however, the increase may
not be as significant as in tension. When a shear load is applied
to a mechanical anchor, the anchor body resists the applied load
by placing a bearing stress against the base material. Increasing
the embedment will increase the area over which this stress is
applied which in turn increases the resistance of the base material
to the applied load. In addition, a mechanical anchor will tend to
bend as a shear load is applied as the base material begins to
crush. The applied load will actually be resisted by a combination
of the bearing strength of the base material and the tension
capacity of the anchor. Adhesive type anchors can usually develop
the shear capacity of the anchor rod material at a medium or
deep embedment when installed in concrete. Since the applied
shear in most applications is through the threaded portion of an
anchor or bolt, all shear testing simulates this situation. For bolt
or screw style anchors, the design load should be the lesser of
the allowable anchor load or load for the actual bolt or screw
used. Machine bolts manufactured from Grade 5 steel are used 
in shear tests performed on bolt anchors.

Evaluation of Test Data
Within the industry, two methods of evaluating test data to
determine the allowable working loads for anchors or fasteners
are currently used. The first and most common, because of its
ease of use, is the safety factor method. Using this method, an
appropriate safety factor is applied to the average ultimate load
obtained from testing.

Allowable load = Ultimate load / Safety Factor

Typical shear test assembly
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TESTING AND DATA FUNDAMENTALS

Typical static tension test assembly

Hollow Core
Hydraulic Cylinder

To Hydraulic PumpLoad Call

Reaction Bridge

Base Material

Yoke

Displacement Sensor

To Data Acquisition Unit 

Hollow Core
Hydraulic Cylinder

To Hydraulic Pump

Load Call
Reaction Bridge

Base Material

Displacement Sensor

To Data 
Acquisition Unit 

Shear Plate
To Data 

Acquisition Unit 

Test Anchor

Stress Plate

Shirms to Provide Clearance



Design Safety Factors
Safety factors are used to account for field variations which may
differ from the testing conditions in the laboratory. Typical
minimum safety factors established by industry are as follows:

UBC – Uniform Building Code
IBC – International Building Code
IRC – International Residential Code

While the Building Codes utilize the typical safety factors listed
above for a minimum recommended allowable design load,
higher safety factors (10:1 or higher) may be appropriate for the
following conditions: 

• Overhead applications
• Vibratory loads (example, dynamic or shock loads)
• Safety and life critical applications
• Questionable base materials

Actual safety factors to be used should be determined by the
design professional responsible for the product installation, based
on the governing building code and after examining all
influencing factors.

A second method which is used less frequently, but becoming
more popular, is a statistical method in which the allowable
working loads are based in part on the coefficient of variation
(COV) obtained during testing. In most cases, the results
obtained using the safety factor method are similar to those
obtained when using the statistical method. Typical coefficients
of variation are as follows:

Details on the use of appropriate safety factors are included 
in the sections describing anchor and power actuated fastener
selection guidelines. Methods in Strength Design for concrete 
are expected to be used in the future as later editions of the
International Building Code becomes more widely accepted.
Contact Powers Fasteners for more information.
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Product Typical Safety Factor
Mechanical Anchors in Concrete 4 (UBC, IBC, IRC)

Mechanical Anchors in Masonry
4 (UBC)
5 (IBC, IRC)

Adhesive Anchors in Concrete 4 (UBC, IBC, IRC)with Creep Test
Adhesive Anchors in Concrete 5.33 (UBC, IBC, IRC)without Creep Test
Adhesive Anchors in Masonry 4 (UBC)with Creep Test
Adhesive Anchors in Masonry 5.33 (UBC)without Creep Test
Adhesive Anchors in Masonry 5 (IBC, IRC)with Creep Test
Adhesive Anchors in Masonry 6.77 (IBC, IRC)without Creep Test
Power-actuated Fasteners in Concrete 5 to 8 (UBC, IBC, IRC)or Masonry
Powder-actuated Fasteners in Steel 5 (UBC, IBC, IRC)

Product COV
Mechanical Anchors 10 - 15%
Adhesive Anchors 10 - 15%
Power-actuated Fasteners in Steel 10 - 15%
Power-actuated Fasteners in Concrete 10 - 20%
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APPLIED LOADS
The type of load and the manner in which it is applied by the
fixture or other attachment is a principle consideration in the
selection of an anchor. Applied loads can be generically described
as static, dynamic, or shock. Some anchor types are suitable 
for use with static loads only, while others can be subjected to
dynamic or shock loads. The suitability of an anchor for a specific
application should be determined by a qualified design
professional responsible for the product installation.

Static Loads
These are non-moving, constant
loads such as those produced by an
interior sign, cabinet, equipment, or
other. A typical static load could be
a combination of the dead load
(weight of fixture) and the live load a fixture must support. Basic
static load conditions are tension, shear, or a combination of
both. To determine the allowable static working load, the industry
practice is to reduce the ultimate load capacity of an anchor by a
minimum safety factor. In cases of combined load, other reduction
factors may be required.

Tension Load
A tension load is applied directly in
line with the axis of the anchor.

Shear Load
A shear load is applied
perpendicularly across the anchor
directly at the surface of the 
base material.

Combined Load
Most anchor installations are
subjected to a combination of shear
and tension loads.

For anchors loaded in both shear
and tension, the combination of
loads should be proportioned as
follows based on the building codes:

Where: Nu = Applied Service Tension Load
Nn = Allowable Tension Load
Vu = Applied Service Shear Load
Vn = Allowable Shear Load

Bending Load
One often overlooked result of static
load is bending. It is frequently
necessary to place shims or spacers
between the fixture and the material
for alignment or leveling. When this
occurs, it is often the strength of the anchor material or bolt
material that determines the capacity of the connection. The load
is applied at a distance from the surface of the base material
creating a lever-type action on the anchor. Typical examples of
this type of loading are the installation of windows using plastic
horse shoe shims or machinery installations with shims below the
base plate. In loading such as this, it is often the physical strength
of the anchor material, not the tension and shear load capacities,
that limit the strength of the anchorage. The allowable bending
load should be calculated by a design professional based on the
material from which an anchor is manufactured. In concrete or
masonry materials, the bending arm used in the calculation
should be increased to allow for spalling around the top of the
anchor hole, usually by 1/2 to 1 anchor diameter.

Dynamic and Shock Loads
Dynamic Loads
Dynamic loads are intermittent and
varying loads such as those imposed
by central air conditioning units,
manufacturing machinery or
earthquakes. They are normally the
alternating or pulsating loads associated with vibration.

Shock Loads
Shock loads are instantaneous,
periodic loads of high intensity such
as those applied by an automobile
striking a guard rail support or a
truck hitting a dock bumper.
Standard industry practice with regard to safety factors varies
depending upon the frequency and intensity of the load. 

Safety factors for critical loads may be 10:1 or higher.
Determination of the appropriate safety factor should be made by
the design professional in charge of the actual product installation.
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ANCHOR BEHAVIOR
The selection and specification of an anchor requires an
understanding of basic anchor behavior or performance. A
variety of performance attributes can be expected depending
upon the type or style of anchor.

Displacement
As an anchor is loaded to its ultimate (failure) load capacity,
displacement or movement of the anchor relative to the base
material will occur. The amount of displacement will be affected
by the anchor preload, the anchor material strength, the design
of the expansion mechanism, and the strength of the base
material. Typical load versus displacement curves are shown in the
following diagram for three anchor types.

Curve 1 shows the typical performance of an adhesive type
anchor. These anchors normally exhibit elastic behavior up to the
ultimate load capacity. Performance will vary depending upon
the type of adhesive used, the base material strength, and the
strength of the anchor rod. A deformation controlled anchor such
as a Steel Dropin anchor may also exhibit this type of behavior
although the ultimate load capacity will normally be much less
than that of an adhesive anchor. The compression force developed
by a Steel Dropin is usually very high when compared to a torque
controlled anchor resulting in low displacement characteristics.

Typical performance of a torque controlled anchor such as the
Power-Bolt or Power-Stud is shown in Curve 2. Displacement
begins to occur after the initial preload in the anchor has been
exceeded until the ultimate load capacity is achieved.

Anchors for use in light duty applications often exhibit the
behavior shown in Curve 3. Once the working load has been
exceeded, the anchor begins to displace or stretch until 
failure occurs.

Modes of Failure
As an anchor is loaded to its ultimate capacity, the following
modes of failure can occur.

Anchor Pullout
This type of failure occurs when 
the applied load is greater than the
friction or compressive force developed between the anchor body
and the base material. The anchor is unable to fully transfer the
load to develop the strength of the base material. For adhesive
anchors, this can occur with products which have a low bond
strength or have been installed in a poorly prepared anchor hole.

Base Material Failure
When the applied load is greater
than the strength of the base
material, the material pulls out or
fails. In concrete, a shear cone will
be pulled, usually for anchors
installed at a shallow embedment in
the range of 4 to 5 anchor diameters of depth. The angle of the
shear cone has been assumed to be 35-45°, however, this can
vary  depending upon the anchor style and embedment depth.
As the embedment of some anchor styles is increased to six
diameters or beyond, the concrete can sustain the applied
compression force and the load capacity of the anchor will
increase up to a point at which either the capacity of the
expansion mechanism or the bond is reached. At deeper
embedments, the high compressive forces developed by the
expansion mechanism of some anchors may cause localized
failure of the concrete. In masonry, part of the individual unit may
be pulled from the wall, especially in cases where the strength of
the mortar may be low.

Anchor Material Failure
A failure of the anchor body or rod
will occur when the applied load
exceeds the strength of the material
from which the anchor is manufactured. For mechanical anchors,
this usually occurs for anchors which are embedded deep enough
to develop the full strength of the expansion mechanism and the
base material. For adhesive anchors, this will occur when the
base material and bond strength of the adhesive is greater than
the strength of the anchor rod.

Spacing or Edge Failure
The spacing and edge distance of
installed anchors will affect the
mode of failure along with the
resulting ultimate load capacity.
Anchors which are spaced close
together will have a compound influence on the base material
resulting in lower individual ultimate load capacities. For anchors
installed close to an unsupported edge, the load capacity will be
affected by both the direction of the load and the distance from
the edge. As load is applied, a concrete cone type of failure will
occur. This can be caused by the compressive forces generated
by the expansion mechanism or by the stresses created by the
applied load.

Base Material Splitting
Concrete and masonry units must be
of sufficient size to prevent cracking 
or splitting during anchor installation
and as load is applied. The critical
dimensions include the thickness and the width of the 
base material.

Load

Displacement

2

1

3
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ANCHOR BEHAVIOR (Continued)

Anchor Preload
Anchor preload is developed by the setting action in a
deformation controlled anchor or the tightening of a bolt/nut 
in a torque controlled anchor. When a load is applied to an
anchor, significant displacement will not occur until the preload
in the anchor has been exceeded. The amount of preload
normally does not have any effect on ultimate load capacity
provided the anchor is properly set. By tightening a torque
controlled anchor a particular number of turns or to a specific
torque level, the anchor is initially preloaded. This action will
reduce the overall displacement of the anchor and normally
ensures that elastic behavior will occur in the working load
range. A preload may also be applied to achieve a clamping
force between the fixture and the base material. The diagram
below shows the effect of preload on the performance
characteristics of two wedge anchor samples.

Effects of preload on anchor performance

In curve 1, the tightened anchor does not experience significant
displacement until well above the working load. Curve 2 shows
the performance of the anchor not tightened which experiences
marked displacement in the working load range.

Preload Relaxation
In concrete, anchors which have been preloaded by tightening
or the application of an installation torque will experience a
phenomena called preload relaxation. This will also occur in
masonry base materials. In a typical anchor installation, high
bearing stresses against the concrete base material are created
around the expansion mechanism of the anchor as it is preloaded.
These high bearing stresses cause the concrete in the area of the
expansion mechanism to creep which results in a slight movement
of the anchor. This slight movement causes a reduction of preload
and a corresponding reduction in the measured torque. Industry
experience has shown that a decrease in preload in the range of
40 to 60 percent can be expected in normal-weight concrete. This
will vary depending upon the modulus of elasticity of the concrete.
The final preload is typically 1.5 to 2.0 times the working load
based on the use of a safety factor of 4. Typical load relaxation
is shown in the following diagram.

Typical preload relaxation

Relaxation begins immediately after tightening with most of the
relaxation occurring during the first few hours after installation.
For example, in an application where an installation torque of 60
foot-pounds is applied, a decrease in the torque measured 24
hours later to a level of 30 foot-pounds due to preload relaxation
would be considered normal. Retorquing of the anchors may
slightly increase the final value of the preload, however, this is not
normally recommended as repeated tightening may eventually
jack the anchor out of the base material.
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ANCHOR MATERIAL SELECTION
The material from which an anchor is manufactured is generally
capable of sustaining the published tension and shear loads.
However, other conditions such as bending loads should be
checked. In certain loading situations, the material strength may
be the weak link. Bolts or other materials used in conjunction
with an anchor should be capable of sustaining the applied load
and should be installed to the minimum recommended thread
engagement. For reference purposes, the minimum expected
mechanical properties of commonly used carbon steel and
stainless steel materials are listed in Appendix A4. The
designations used are for externally threaded parts as assigned
by the Society of Automotive Engineers (SAE), American Iron
and Steel Institute (AISI) or the American Society for Testing and
Materials (ASTM). Variations in strength will occur due to heat
treating, strain hardening, or cold working. Consult the
individual standards for details.

Allowable Steel Strength
In some cases, it may be desirable to calculate the allowable steel
strength for a bolt or a threaded anchor rod. One method to
calculate the allowable steel strength is based on the stresses 
as listed in the American Institute of Steel Construction (AISC)
Manual of Steel Construction, Allowable Stress Design. Using this
method, the allowable tensile stress, Ft , and the allowable shear
stress, Fv, are calculated as follows:

Ft = 0.33 x Fu
Fv = 0.17 x Fu

Where Fu = minimum specified ultimate tensile strength for the
steel material. This stress is then applied to the gross nominal area
of the threaded section to calculate the load in pounds.

In addition to the load capability of the material, an anchor
should be manufactured from material which is compatible with
its intended use. For example, anchors manufactured from a
material with a melting point of less than 1000° F are not
normally recommended for overhead applications due to fire
code regulations unless specific fire rating tests have been
performed. Special materials may be required for corrosive
environments and galvanic reactions.

Powers reserves the right to use alternate anchor materials
which will perform in a similar manner depending upon
production requirements.

Material Certifications
Powers provides the following types of certification for products
when requested by the user.

Certificate of Compliance
This type of certification, sometimes called a Certificate of
Conformance, lists the materials and plating used in the
manufacture of a product referencing pertinent specifications 
or listings such as AISI, ASTM, SAE, UL, FM Global, or ICC/ICBO. 
All major components are described including nuts and washers.
This is the most commonly requested type of certification. A
Certificate of Compliance can be requested for any Powers
product from the local branch office.

Mill Certifications
Requests for Mill Certifications usually apply to steel anchors. Mill
Certifications provide full traceability of a finished product back to
the original lot of steel from which it was produced and usually
include the heat number, material identification, chemical
analysis, and physical properties. In order to produce a part which
is traceable back to the original Mill Certification, the raw steel
material must be identified at the start of the manufacturing
process. Powers is able to perform this type of service, however,
these certifications can be supplied only on material that is
ordered as a special.

A price and delivery quotation for any item requiring Mill
Certifications can be obtained by contacting the local Powers
Branch office. Certain projects in the United States specify that
steel components installed on site be manufactured from raw
material steel that is originally melted, milled, wired, etc in 
the U.S. market conditions at the time of manufacture of a
particular anchor type and its components will determine the
origin of raw material steel. The origin of the raw material used
for the manufacture of anchors already stocked or sold from
authorized Powers distributors typically cannot be certified. A
special order for the manufacture of anchors made from 100%
U.S. steel needs to be quoted. Minimum quantities of 25,000 to
50,000 pieces and minimum lead times of 2 to 8 weeks should
be expected.
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DESIGN RECOMMENDATIONS
Allowable Load Capacities
The allowable load which may be applied to an anchor is calculated
based upon applying a safety factor to the average ultimate load
capacity obtained from testing. One purpose of a safety factor is to
allow for field variations which may differ from the testing
conditions in the laboratory. Examples of these variations include
differences in the type and strength of base material, the setting
method used, and long term performance factors. The standards
established by industry is to reduce the ultimate load capacity by a
minimum safety factor of 4 or 5 (or greater) depending upon the
type of base material and governing building code to calculate 
the allowable working load. For example, an anchor which has 
an average ultimate tension load capacity in solid normal-weight
concrete of 12,000 pounds would have a maximum allowable
working load anchor of 3,000 pounds. Critical applications such as
overhead applications or dynamic loading may require safety
factors of 10 or higher. The allowable loads are recommendations,
however, and local building codes should be consulted to
determine the required safety factors. For adhesive anchors,
maximum torque ranges are published with the load capacity
charts for each adhesive anchoring system.

Depth of Embedment
The depth of embedment published for each anchor in the load
capacity charts is critical to achieving the expected load capacities.
This depth is measured from the surface of the base material to
the bottom of the anchor. For mechanical expansion anchors, 
this would be the depth measured to the bottom of the anchor
prior to actuation. For each anchor type, a minimum embedment
depth is specified. This depth is typically the minimum required
for proper anchor installation and reliable functioning.
Attempting to install an anchor at less than the minimum
required may overstress the base material causing it to fail 
when the anchor is expanded. In some masonry materials, the
minimum depth may be decreased depending upon the anchor
style as noted in the load tables.

As noted previously, the load capacity of some anchor types will
increase with deeper embedments. For anchors which exhibit this
behavior, multiple embedment depths and the corresponding
load capacity are listed. As the embedment depth is increased,
the load capacity will increase up to a transition point. This point
is usually the maximum embedment depth listed. At this point,
mechanical anchors may experience material failure or localized
failure of the base material around the expansion mechanism.
Adhesive type anchors may reach the capacity of the bond, the
anchor rod material, or the capacity of the base material. The
following diagram shows the typical performance of a mechanical
anchor installed in concrete.

At the minimum embedment depth, the mode of failure at the
ultimate load capacity is typically a concrete shear cone. As the
anchor is installed at a deeper embedment depth, the size of the
theoretical concrete shear cone increases, resulting in an
increased load capacity. As the embedment depth is increased
towards point 2, the mode of failure changes from a concrete
shear cone to localized failure around the expansion mechanism.
Beyond this point, marginal load capacity increases can be
expected until the capacity of the expansion mechanism or
anchor material is reached at embedment depths corresponding
to point 3. The load capacity will not increase significantly for
anchors installed at embedment depths beyond this point. This
point is usually the deepest embedment listed in the anchor load
capacity tables and is the maximum recommended. Applications
which require an embedment deeper than those published
should be tested to verify proper anchor performance. For
applications requiring installation at embedment depths between
those published, linear interpolation is permitted.

Base Material Strength
As discussed previously, the strength of the base materials in
which anchors may be installed varies widely and is a key factor
in the performance of an anchor. Powers publishes the average
ultimate load capacities for anchors installed in concrete and
masonry units along with other appropriate base materials
depending upon the product. For installations in concrete, the
load capacity of an anchor usually increases as the compressive
strength increases. Most load capacities for anchors installed in
concrete are published for minimum compressive strengths of
2,000, 4,000, and 6,000 psi. Linear interpolation of the data for
intermediate compressive strengths is permissible. For masonry
unit base materials, the published load capacities should be
used as a guide since the consistency of these materials varies
widely. Job site tests are recommended for critical applications
in these materials.

Base Material Thickness
The minimum recommended thickness of solid concrete or
masonry base material, h, when using a mechanical or adhesive
anchor typically is 125% to 150% of the embedment to be
used. For example, when installing an anchor to a depth of 4",
the base material should be at least 5" thick. Conversely, the
maximum embedment should be 80% of the base material
thickness. If a concrete slab is 10" thick, an 8" depth would be
the maximum recommended anchor embedment. This does not
apply to products designed for installation in hollow base
materials as noted in the individual anchor sections.
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DESIGN RECOMMENDATIONS (Continued)

Design Example
The following example is provided as a reference to familiarize
the designer with the use of spacing and edge distance reduction
factors. The method employed can be used for either mechanical
or adhesive anchors. In this application, a steel angle is to be
fastened to a 6,000 psi precast structure to reinforce the existing
column and beam connections as shown in the following
diagram. The designer has previously calculated the service loads
and would prefer to use 4 anchors. Based on the calculations, the
required service loads for an anchor at location No. 1 would be
1,500 lbs. in tension and 2,200 lbs. in shear. The Wedge-Bolt
anchor has been selected because of the finished appearance.

For an installation in 6,000 psi concrete, the following
information is obtained from the load capacity chart for the
carbon steel Wedge-Bolt anchor.

Anchor diameter: 3/4"
Embedment depth: 5"
Maximum Allowable Tension Load: 4,850 lbs.
Maximum Allowable Shear Load: 6,190 lbs.

The spacing and edge distance factors would be applied as
follows. For anchor No. 1, the reductions which should be applied
are for the influence of the spacing from anchor No. 4 and two
edge distance influences ( 6" horizontally and 7 1/2" vertically).
Refer to the Load Adjustment Factors for Normal-Weight
Concrete tables for the applicable reduction factors located 
in the Wedge-Bolt product section of this manual.

Allowable Tension Load
For the 6" spacing, FN = 0.75 (taken from the spacing table 
for tension).

For the 6" edge distance, FN = 1.00 (taken from the edge
distance table for tension).

For the 7 1/2" edge distance, FN = 1.00 (taken from the edge
distance table for tension).

The allowable tension load based on the reduction factors is
calculated as follows:

Allowable Load = 4,850 x 0.75 x 1.00 x 1.00 = 3,635 lbs.

Allowable Shear Load
For the 6" spacing, FV = 0.88 (taken from the spacing table 
for tension).

For the 6" edge distance, FV = 0.62 (taken from the edge
distance table for tension).

For the 7 1/2" edge distance, FV = 0.81 (taken from the edge
distance table for tension).

The allowable tension load based on the reduction factors is
calculated as follows:

Allowable Load = 6,190 x 0.88 x 0.62 x 0.81 = 2,735 lbs.

Combined Loading
Once the allowable load capacities are established including the
effects of spacing and edge distance, the combined loading
formula should be checked.

(1,500/3,635)5/3 + (2,200/2,735)5/3

0.23 + 0.70 = 0.93 ≤ 1 , OK.

The design approach would be similar for the remainder of 
the anchors.

Anchors for use in Seismic Design
Seismic design as based on the building codes require that
building structures resist the effects of ground motion induced
by an earthquake. Each structure is assigned to a seismic zone
based on the location of the building site as referenced in the
building codes.

Seismic design is complex as it considers several influencing
factors such as site geology and soil characteristics, building
occupancy categories, building configuration, structural systems,
and lateral forces. Lateral forces are critical because of an
earthquakes tendency to shake the building structure from side
to side.

Anchors to be used for seismic loads will not be fully loaded in
place until an earthquake occurs. Test methods have been
developed to provide a criteria for evaluating the performance of
both adhesive and mechanical anchors when subjected to
simulated seismic loading. For tension, anchors are tested at both
the shallowest and deepest embedment depth to be published.
Anchors are subjected to a simulated seismic load cycle. In shear,
anchors are tested at the shallowest embedment depth and are
subjected to alternating load applications.

The criteria to be used as conditions of acceptance are as follows:

A) The anchors must withstand the loading cycles without failure.
B) The anchors must be able to attain at least 80% of the static

ultimate tension or shear capacity.
Powers has conducted testing according to ASTM and ICC-ES 
(formerly ICBO-ES) Acceptance Criteria, including Seismic
Qualification on several anchoring products. See individual
product sections for more information.
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INSTALLATION CRITERIA
As with any building component, proper installation is the 
key to a successful application once an anchor has been designed
and properly selected.

Drilled Hole
A properly drilled hole is a critical factor both for ease of
installation and optimum anchor performance. The anchors
selected and the drill bits to be used should be specified as part
of the total anchoring system. Most Powers anchors are designed
to be installed in holes drilled with carbide tipped bits meeting
the requirements of the American National Standards Institute
(ANSI) Standard B212.15 unless otherwise specified. If alternate
bit types are used, the tip tolerance should be within the ANSI
range unless otherwise permitted. The following table lists the
nominal drill bit diameter along with the tolerance range
established by ANSI for the carbide tip.

When drilling an anchor hole using a carbide tipped bit, the
rotary hammer or hammer drill used transfers impact energy to
the bit which forms the hole primarily due to a chiseling action.
This action forms an anchor hole which has roughened walls.
Mechanical anchors should not be installed in holes drilled with
diamond tipped core bits this type of bit unless testing has been
conducted to verify performance. Adhesive anchors should also
be tested. A diamond tipped bit drills a hole which has very
smooth walls which can cause some anchor types to slip and
fail prematurely.

During the drilling operation, bit wear should be monitored to
ensure that the carbide tip does not wear below the following
limits to ensure proper anchor functioning. This is especially
important when using mechanical anchors. Generally, mechanical
anchors can be installed in holes drilled with bits which have
worn, but are still in the acceptable range. This depends on the
base material, so this information should be used as a guide.

Anchor holes should be drilled to the proper depth which is
based on the anchor style. The recommended drilling depth is
listed in the installation instructions for the individual products.
When a one-step anchor such as a wedge style is installed, the
expansion mechanism scrapes the walls of the anchor hole. This
scraping action pushes concrete dust particles ahead of the
anchor. When using this style of anchor, the purpose of drilling
the anchor hole to the recommended depth is to allow a place
for the dust to settle as the anchor is installed. Anchor holes
should be thoroughly cleaned prior to installation of the anchor
unless otherwise noted.

This procedure is easily accomplished using compressed air or a
vacuum. Dust and other debris must be removed from the hole
to allow an anchor to be installed to the required embedment
and to ensure that the expansion mechanism can be properly
actuated. Extra care should be taken when using adhesives
including brushing of the anchor hole to ensure that a proper
bond is developed.

Anchor Alignment
Anchors should be installed perpendicular to the surface of the
base material. Within the industry, +/- 6° is typically used as the
permissible deviation from perpendicular. If anchors are installed
beyond this point, calculations to ensure that a bending load has
not been created may need to be performed. Job site tests may
be required to determine actual load capacities if anchors are not
installed perpendicular to the surface of the base material.

Clearance Holes
Powers anchors are designed to be installed in holes drilled in
concrete and masonry base materials with carbide tipped drill 
bits meeting the requirements of ANSI B212.15 as listed in the
previous section unless otherwise noted. The actual hole
diameter drilled in the base material using an ANSI Standard
carbide tipped bit is larger than the nominal diameter. For
example, a 1/2" nominal diameter drill bit has an actual O.D. of
0.520" to 0.530". When selecting the diameter of the hole to
be pre-drilled in a fixture, the diameter of the hole selected
should allow for proper anchor installation.

For through fixture installations, it is necessary to pre-drill or
punch a minimum clearance hole in the fixture which is large
enough to allow the carbide tipped bit and the anchor to 
pass through.

One-step mechanical expansion anchors require a pre-drilled hole
in the fixture which is large enough for the expansion mechanism
to be driven through. Normally, for mechanical expansion anchor
sizes up to 7/8", the minimum clearance hole required is the
anchor diameter plus 1/16". For sizes 1" and larger, the minimum
clearance hole is the anchor diameter plus 1/8". This clearance
hole should be adjusted to allow for any coating applied to 
the fixture.

As in all applications, the design professional responsible for the
installation should determine the clearance hole to be used based
on the anchor selected and relevant code requirements.

1/8" 0.134-0.140" 11/16" 0.713-0.723"
5/32" 0.165-0.171" 3/4" 0.775-0.787"

11/64" 0.181-0.187" 27/32" 0.865-0.881"
3/16" 0.198-0.206" 7/8" 0.905-0.917"
7/32" 0.229-0.237" 15/16" 0.968-0.980"
1/4" 0.260-0.268" 1" 1.030-1.042"
9/32" 0.296-0.304" 1 1/8" 1.160-1.175"
5/16" 0.327-0.335" 1 1/4" 1.285-1.300"
3/8" 0.390-0.398" 1 3/8" 1.410-1.425"
7/16" 0.458-0.468" 1 1/2" 1.535-1.550"
1/2" 0.520-0.530" 1 5/8" 1.655-1.675"
9/16" 0.582-0.592 1 3/4" 1.772-1.792"
5/8" 0.650-0.660" 2" 2.008-2.028"

Nominal
Drill

Nominal
Drill

ANSI
Standard

ANSI
Standard

3/16" 0.190" 5/8" 0.639"
1/4" 0.252" 3/4" 0.764"

5/16" 0.319" 7/8" 0.897"
3/8" 0.381" 1" 1.022"
1/2" 0.510" 1 1/4" 1.270"

Nominal
Drill

Nominal
Drill

Lower
Wear

Lower
Wear
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INSTALLATION CRITERIA (Continued)

Installation Torque
Certain anchor styles, sometimes referred to as torque controlled
anchors, are actuated by tightening a bolt or nut. For typical field
installations, the commonly recommended tightening procedure
for anchors such as the Power-Stud or Power-Bolt is to apply 3 
to 5 turns to the head of the bolt or nut from the finger tight
position or to within the maximum guide torque range. This is
usually sufficient to initially expand the anchors and is standard
industry practice. In some cases, it may be desirable to specify an
installation torque for an anchor.

The frictional characteristics which govern the torque-tension
relationship for an anchor will vary depending upon the anchor
type and the base material. Other factors which may affect 
the relationship are the effects of fixture coatings or platings,
lubrication of the anchor components due to the use of sealants
around the anchor hole, and the anchor material. Powers
publishes guide installation torque values for anchors that are
actuated by tightening a bolt or nut. These values are based on
standard product installations and should be used as a guideline
since performance may vary depending upon the application.
For other anchor types such as adhesive anchors, a maximum
torque may be published for use as a guide to prevent
overloading when applying a clamping force to a fixture. 
These values may have to be reduced for installations in
masonry materials. Suggested allowable torque range values 
are also provided in the product sections.

Test Torque
To establish application specific installation torque values, a 
job site test is recommended. A typical procedure includes the
following: Install the anchor duplicating the actual application.
Using a torque wrench, apply the recommended number of 
full turns from the finger tight position. The number of turns
may vary depending upon the base material strength. Upon
completion of the final turn, record the torque reading from 
the wrench. This should be performed on a minimum sample 
of 5 anchors averaging the results to establish an installation
torque range.

Should anchor failures occur during this job site test procedure,
average ultimate torque values should be compared to published
torque recommendations and an appropriate factor of safety
should be applied typically 2 to 2.5.

If previously installed anchors are to be inspected with a torque
wrench, it should be noted that anchors experience a relaxation
of preload which begins immediately after tightening due to
creep within the concrete or masonry material. This phenomena
is discussed in a previous section. The torque value measured
after installation is typically 50% of that initially applied to set
the anchor.


