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NOTATIONS

area of full conical surface (in.2) = s (R + r)
area of remaining or partial shear cone (in.2)
area of reduction (in.2)

cross-sectional area of the anchor shank (in.2)
constant for concrete type

distance from free edge to center of anchor (in.)
distance from shear edge to center of stud (in.)
diameter of stud head (in.)

diameter of shank of anchor (in.)

modulus of elasticity of concrete (ksi)

28 day concrete compressive strength (psi)
tensile strength of anchor steel (ksi)

yield strength of anchor steel (ksi)

height of the remaining or partial shear cone (in.)
constant equal to 4.0

length of anchor under the head (in.)

number of reductions

applied tension load

tensile capacity of the anchor (kips)

ultimate concrete tension capacity (Ibs.)
ultimate embedded tension capacity of a headed anchor =0.9 Asfs
yleld strength of the anchor steel (ksi)

radius of head of stud (in.)

major radius of shear cone (in.)

= radius of remainder of partial cone (in.)
= reduced tension capacity (kips)
= reduced shear capacity (kips)

length of side of cone — Le sec (90— 0) (in.)

applied shear load

shear capacity of the anchor (kips)

ultimate concrete shear capacity (kips)

ultimate embedded shear capacity of headed anchor <0.9 Agfg
unit weight of concrete in Ibs./cu. ft.

R— D,

capacity reduction factor



INTRODUCTION
1.0

Beginning in 1959, Nelson Stud Welding con-
ducted extensive tests on the use of headed studs
embedded in concrete.

The test results and design data were originally
published in the brochure "Design Data,
NELSON® Concrete Anchors.” '

Increasing use of headed concrete anchors has
been made in anchoring steel shapes and plates
in concrete with studs welded to the embedded
steel items as the anchorage devices.

It became apparent that additional data were
needed to adequately predict stud performance
in many conditions of use. The “shear cone” or
conical section failure of embedded anchors was
advanced by such advocates as Mr. Peter
Courtois? and others.

Explanations of the conical failure concept cul-
minated in the publication of the Prestressed
Concrete Institute Design Handbook, Section
6.1.132 where anchor strengths were based on
theoretically derived, empirically confirmed
equations.

Prior to the PCI publication, Nelson Stud Welding
had initiated a comprehensive test program at
Lehigh University®, to determine headed anchor
behavior and provide sufficient data to reliably
forecast the accuracy of the empirically derived
equations.

The material published in this manual is test
confirmed and provides up-to-date information
for engineers involved in designing concrete-steel
structures.

2.0 CONNECTION THEORY

It should be noted at the outset of this report
that connection design used in concrete con-
struction is governed by American Concrete
Institute code'''.’ criteria. As such, most em-
bedment plate items, weldments, etc. are used
with additional reinforcement materials in the
form of bar or mesh to develop specified design
strengths. Testing for headed anchors used as
the basis for this publication was done in plain,
unreinforced concrete since the objective was
to establish performance criteria for the anchors
only. All anchors were tested to failure either in
the anchor itself (ductile failure) or failure in the
concrete section (brittle failure).

These two modes of failure are part of the basic
performance criteria in concrete design. Brittle
or abrupt failure when indicated in a connection
is generally strictly limited or prohibited in design
of concrete structures. Where use of brittle be-
havior concepts is provided for in a design, it
will generally be limited to areas where the struc-
tural design is close to ductile (balanced design).
Brittle failure is characterized by little or no
movement in a connection or structure prior to
catastrophic failure. Since there is virtually no
warning of failure, codes require a design safety

factor considerably in excess of that required
where ductile behavior can be demonstrated

Ductile failure or semi-ductile fallure allows for
movement, providing warning of impending col-
lapse without sacrificing load carrying capacity.
One of the intents of this report is to indicate
the areas of ductile, semi-ductile and brittle per-
formance of embedded anchors so that connection
designs may be made that limit or, preferably,
eliminate any behavior in the anchors that ap-
proaches the brittle mode. This design approach
results in economies that are achieved through
reduced overload factors while structural safety
is assured by the behavior criteria which insure
increased structural capacity as movement is
taking place.

Ductile or semi-ductile behavior in embedded
headed anchors can be obtained by using data
contained in the report to be sure that the full
anchor yield strength is reached in the following
areas.

1. Anchor to embedment plate connection
A. Weld quality
B. Plate thickness

2. Embedded anchor strengths
A. Tension capacities
B. Shear capacities
C. Effect of stud spacing
D. Combined shear-tension capacities

Each part of a full connection design must be
analyzed with respect to its overall performance.
The failure mechanism should be determined.
since failure of one part of the connection before
another part has developed its design force may
mean the overall connection is unsatisfactory.
Progressive failures of this type are sometimes
referred to as a “zipper’ type collapse pattern.
Naturally, brittle connections with no warning
prior to catastrophic failure are far more sub-
ceptible to “zipper" type structural failure than
ductile or semi-ductile connections.

The data presented in this report are arranged
so that the behavior of a stud can be readily
determined. Connections employing stud sizes
that fail before the optimum loading levels should
not be used unless adequate subreinforcement
s employed to extend their capacity into the
ductile range. Ductile or at least semi-ductile
embedded anchor behavior should be reached
wherever possible regardless of the stress dis-
tribution or crack patterns that may be present
in the concrete. The reduction in capacity of
anchors used in areas of flexural cracking should
be taken as approximately 10%. In most cases of
full ductile anchor performance shown in this
report such a reduction need not be taken.

Table 1. gives the general performance levels of
headed anchors as embedded in concrete. Shaded
areas should be avoided if at all possible. This
table is merely a selection guide to the anchors
which fall in the brittle, semi-ductile or ductile
behavior modes with and without reinforcement.
After selection of an anchor size. analysis of its
specific use with regard to spacing. concrete
density, loadings. etc. should be undertaken in




accordance
publication.

with data outlined in the body of this Following Table 1. are definitions and or expla-
nations of the table itself

Table 1. — Selection Guide
Suggested Nelson Headed Anchor Sizes,)
Connection Type

Primary Connection 2.’ Secondary Connection
Two Way One Way Two Way One Way No Add.
Reinforcing Reinforcing Reinforcing Reinforcing Reinforzing
“Partially
“Single Acting” Redundant” “All Types Fully Redundant”
Y2 x 2V Yo x 2V Yo X 2V 2 x 2V Vo X 2V
. thru 41} and 3V and 3%
Fallure Made % X 2”//16 % X 211;16 % X 21 % X 2% Y% x 215
Brittle Ya x 3%6 Yax3%e Yy x 3% Ya x 3% Ys x 3%
thru 43/15 and 3”/15 and 311/16 thru 43/15
e X 3" Ts X3 T x 31Yq I8 X 314 T x 314
thru 5% and 4%, and 4%, thru 53,4
Yo X 5% Ya X 47 Vo X 3l Vo X 3V V2 X 3%
Semi- % X 6% Y x 4% Y x 3 Yo x 4% f"a X 5344
Ductile % X 5% and 5% thru 5%¢ and 5% Ta % 6%
and 6% T8 X 5% T8 X 4% s X 5%
?/5 X 6%5 and 63",16 thru 63/15 and 63/16
and 734
% X 414 Yo x 4 Yo x 47, Y x 45 % x 475
and 674 and 61, and 6 and 614 and 674
2 X 674 Y2 X 5% V2 x4 Yo X 4V Y2 X 4%
thru 814 Y X 694 thru 814 thru 81, thru 814
Ductile 78 X 8%6 Yax8%5 9 x 6% % X 6% 55 X 6%
3 X 7% thru 83, and 8%, and 8%, and 8%,
and 8% g X T3¢ ¥4 X 6% Y4 x 6% Ya X 6%
g % 835 and 83, thru 83,4 thru 83, thru 8%,
ERSET T8 X 736 B8 X 7%

and 7 x 8% and 7 x 8%; and 74 x 8%,

Notes: 1. Nelson 1, x 2'g and 1, x 415 Headed Anchors while fully ductile

under all the above conditions are not frequently used in
structural connections.
2. No primary connection should be made without at least one way reinforcing.

Explanation of Table 1. 3. Secondary Connections — Failure of a sec-
1. Shaded areas are to be avoided whenever ondary connection would result in a full re-
possible. Use of headed anchor sizes listed in distribution of loads and stresses to adjacent
the shaded areas under the conditions shown parts of the structure without significant dis-
should be subject to vigorous analysis of fac- tortions to the member of the structure.
tors affecting load capacity including spacing,
sit nd t , st iti , . ) .
?eorg;:;;etu?:nvolzmae ghaﬁgz aic:e\ﬁ)rlfragﬁst;ﬁg,s 4. Brittle Behavior — No noticeable or significant
movement in the connection is evident before
2. Primary Connections catastrophic collapse.
A.Single Acting — This connection is one
where the failure of the connection would
result in the collapse of a member being 5. Semi-Ductile Behavior — Movement of ap-
supported without the benefits of added proximately ',” in the weld plate position
structural redundant support. under combined shear-tension loading has no

effect in the weldments structural capacity.

B. Partially Redundant — Fajlure of the con-
nection would result in a redistribution of

loads and stresses accompantied by signifi- 6. Ductile Behavior — Movement of approxi-
cant movement and distortion of the struc- mately '.," in the weld plate position under
tural member but without catastrophic combined shear-tension loading has no effect
collapse. on the weldments structural capacity.



3.0 MECHANICAL PROPERTIES OF 4.0 EMBEDMENT PROPERTIES OF

HEADED ANCHORS HEADED ANCHORS
3.1 Steel Grades Used in Manufacture 4.1 Headed Anchor Ultimate Embedment Strength
Low Carbon Steel per ASTM Specification Results of tests by Nelson's s on 1, gi- ‘
A-108 Physical Properties: ameter through 7, diameter headed anchors
. - with full embedment are summarized in Table
Tensile LU L) SR—— 60'((6)380K%Sr), 3. The load displacement curves on several
. o anchors are shown in Figure 1. The shapes of
Yield (MINIMUM) oo 50'(?_)%0,(%8,; the load displacement curves indicate that a
- tension load causing 0.01” displacement on a
(0.2% Offset) headed anchor represents a reasonable esti
. w O o T 2
Elongation (Minimum) 20% in 2 mate of the yield strength of the embedded
3.2 Steel Tensile Strength anchor. It can be seen that the 0.10” displace-
Iti b B st th ment loads are consistently lower than the
The ultimate stegl strengg or enSIteds reng ultimate embedment loads (Pye) at which
of a headed anchor may be computed as: the embedded anchors failed, but do not fall
Fg= A fs (Equation 1.) lower than 0.9 Pue.
Where: Figure 1. curves show that the Ioad‘ valves at
P’y = Tensile capacity of the anchor in 10" displacement represent a point where
Kips. the load curves approach a flat attitude. Very
) little increase in loading is required to reach
Ag = ChFOSE sectional area of the anchor the ultimate embedment strength Pue:
shan

¢ _ For engineering and design purposes, a con-

s= Tensile strength of the anchor steel servative valve for the ultimate embedded
] teel Yield Strength strength of a headed anchor with sufficient
3.3 Steel Yield Str ng embedment length to develop full strength

The yield strength (point at which the steel may be calculated as:
begins to elongate) of a headed anchor may
be computed as: Pue=0.9 Agfg (Equation 3.)
Py=As fy (Equation 2.,) Where:
Where: Pue = Ultimate strength of an embedded .
P'y = Yield strength of anchor in Kips headed anchor
Ag= Cross sectional area of the anchor Ag = Cross sectional area of the anchor
shank shank
fy: Yield strength of the anchor material fs = Tensile strength of the anchor stee|

Table 2. Mechanical Properties Of Headed Anchors

Anchor  Ag-Nominal Tensile Strength Yield Strength
Shank Dia. Area, In.2 P’y = Asfs Kips P’y = Asfy Kips

Ve 049 2.95 2.46
% 0.110 6.62 5.52
1, 0.196 11.78 9.82
5 0.307 18.41 15.34
3, 0.442 26.51 22.09
7% 0.601 36.08 30.07




Table 3. Tensile Capacities Of Headed Anchors —
Nelson Test Series4 5

AW.1 Load at 0.1” UMN. Embedded

Ds L. Dh Le Le Failure’2 Concrete Displacement Strength Pue
No. (in) (In) (In.) (In.) No. Diameters Mode Strength Kips Kips
A Ya 2% A 2% 9.25 S 3000 psi 3.6 3.7
B A 21, % 2% 9.25 W 3000 psi — 3.0
A A 3% EA 3.594 9.58 S 3000 psi 8.5 8.5
B 3% 37% 3 3.594 -9.58 S 3000 psi 8.6 8.7
A A 5 1 4118 9.38 S 3000 psi 119 12.5
B A 5 1 415 9.38 S 3000 psi 13.8 15.0
A 54 6Y, 1, 51844 9.50 S 3000 psi 22.7 23.7
B 5% 61, 11, 518/, 9.50 S 3000 psi 24.0 25.0
A* 5% 81, 1 5%, 9.50 S 3000 psi 21.3 22.0
B” EA 61, 14 5% 9.50 S 3000 psi 240 250
A 3, 7, 1% T 9.50 W 3000 psi - 33.0
B 3 7 11 A 9.50 W 3000 psi 33.8 345
A* A 7o 11, 7V 9.50 A 3000 psi 31.2 33.2
B* A 7, 1, 7Y, 9.50 S 3000 psi 36.1 38.1
A /A 7 EA A 8.14 W 3000 psi 48.1 50.5
B YA 7 13 7Y% 8.14 A 3000 psi — 425

NOTES: (1) AW.L. — After weld length.
(2) S—Shank of stud broke; W— Weld at head broke; A — Attachment to testing machine broke
"Tested in Series 5.¢4': all others tested in series 6.1

- — 3/4” DIA. NO. B

= - 5/8" DIA. NO. A

- ~ 1/2"” DIA. NO. B

APPLIED LOAD (kips)

- - 1/4” DIA. NO. A

Il | 1 |
L]

0 0.05 0.10 0.156 0.20 0.25

LOAD DISPLACEMENT CURVES
(DISPLACEMENT IN INCHES)

FIGURE 1. — Load Displacement Curves



4.2 Shear Cone Theory

Investigations into the tension capacity of
headed anchors and inserts embedded in
concrete have shown that when these em-
bedded items do not fail in the anchor steel
itself, but pull out of concrete, the geometry
of the failed concrete section is conical in
section.'" ™ Since the concrete has been
subjected to diagonal shear forces, this
failure mode is termed a “Shear Cone.” The
area of this conical section that fails is pri-
marily dependent upon the following factors:

1. Concrete Compressive Strength
2. Concrete Weight
3. Headed Anchor Size
A. Length of embedment
B. Head Diameter
4. Boundary Conditions
5. Anchor Spacing or Grouping

FIGURE 2. — Typical Conical Failure

As the depth of embedment of the headed
anchor continues to increase. the area of the
conical section that may be pulled out in-
creases proportionately up to the point of
full embedment.

At an embedment depth of some 8 to 10
times the anchor shank diameter® the capa-
city of the concrete contained within the
conical area exceeds the tensile strength of
the steel in the headed anchor. At that area
of development, the stud rather than the con-
crete fails. Beyond the full embedment of 8-10
diameters. conical area failure does not apply
since strength is limited by the stud embed-
ment capacity (Pe).

These statements assume that the studs are
spaced so that there is sufficient surrounding
concrete area for a full shear cone to be
developed, Limitations of conical area are
covered In a later section.

Figure 3. illustrates the geometrical relation-
ships of a full shear cone.

4.3

FIGURE 3. —'Full Concrete Shear Cone

The concrete capacity of a full shear cone
may be determined by the formula:

(Equation 4.)
Puc =pCKA; Vi,
Where

Puc = Ultimate concrete tension capacity
(Ibs.)
9 = 0.85 Reduction Factor
C = Constant for Concrete type (Per ACI
318-71, Section 11.3.2)
Normal weight concrete C=1.0
All lightweight concrete C = 0.75
Sand lightweight concrete C = 0.85

K=40
Afc = Area of full conical surface (sq. in.}*
fc=28 day concrete compressive
strength
Afc = s (R+r)

Partial Embedment — Full Shear Cone

This case covers those anchors with insuf-
ficient embedment length to develop the an-
chor embedment strength (Pue), but: with
adequate space in the surrounding concrete
to develop a full shear cone area. Fajlure
occurs in the concrete.

The relationship may be described as:

Puc < Pue
or

Concrete Capacity is less than or equal to
the anchor embedment strength.



The shear cone fallure of an anchor with 30+_
partial embedment is described geometrically
in Figure 4
Z
=
2Lg+t Dp, ()
— < 20
3 [ )]
Dp/2 &
Lo + o
e h 3 &
w
'—
( 2 101 -
o
| 3
=1
wi
=
.h -
| i I I
0 10 20 30 40
PREDICTED CAPACITY (kips)
LE
V2L
45° Stud Slze f'c  Concrete
Symbol Beam DxLe (psi) Type
1 ; ot Beam C ¥ x 4" 5180  NWC
(@] 78Ha, b 3" x 4" 3000 NWC
u Act 7DHb 3" x3%" 3000  NWC
a 78THa,b I x4” 3000 NWC
Note:
Dp, tThese values obtained from Table 5.

‘These Values Obtained from Nelson Stud Project No.
802, Report No. 1966-5 Test No. 7170

FIGURE 4.— Partjal Embedment — Full 45°
Shear Cone

Converting Equation 4., Section 4.2 to the
partial embedment case, full shear cone area
geometry, the following derivations are
evolved:

FIGURE 5.— Partial Embedment Capacity

4.4  Full Embedment Condition

Where the anchor embedment length is in the
range of 8 to 10 times the anchor shank di-
ameter, the relationship of concrete capacity
to stud embedment capacity may be de-

Puc = § CK Afc/ o scribed as:
Puc = (g) (4) (C Afc)~ ¢

ol Yo Puc > Pue
Afc =7 —7" Le (Le + Dh/2 + Dh/2) or or

T =2 Le (Le + dh)
Puc=p (C) (4) [r V2 Le(Le+ Dh) v fe

or
Puc = 17.77 C (Le) (Le + Dh) VT,

(Equation 5.)
This expression may be restated as in the
Lehigh Report® by:

Puc =0.475 C (Le + Dh) Le~VTq

Concrete Capacity is equal to or greater than
the anchor embedment strength.

In these cases, the stud will fail rather than
the concrete.

McMackin, Slutter and Fisher have reported'3
that tension capacity near a free edge in
5000 psi normal weight concrete can be de-
termined by the formula.

2 De

R Puc = 9 Ds (Puc)
which simply converts Puc from pounds to '
kips. where:
R Puc = Reduced concrete tension capacity

Confirmation of the concrete capacity formu-
la accuracy is shown in Figure 5. where
partial embedment, full shear cone test speci-
mens are graphed on a measured (tested)
versus theoretical (predicted) basis.

De = Distance from a the

center of the anchor

free edge to

Puc = Concrete capacity =Pue

Ds = Anchor shank diameter



Since the concrete capacity (Puc) and coni-
cal area is limited to the maximum value of
anchor embedment stren
the values of R Puc and
tion as Pue and adding
effect of concrete t

lowing is derived.

R Pyc

_|2De
9 Ds

where:
R Puc = Reduced concrete capacity

De = Distance from a free edge to the
center of the anchor

(Equation 6.)

f'c
(C) /-—5000 Pue

C = Constant for concrete type
Normal weight concrete C=1.0
Sand Lightweight concrete C = 0.85

All lightweight concrete C = 0.75

Ds = Anchor shank diameter

gth (Pue) setting
Puc in this equa-
constants for the
ype and density the fol-

4.5

When the function [Q—Dﬁ o o M- Jrrrar;hes
9 Ds '\/5000
)

unity, the edge distance (De) is adequate for
full potential shear cone area development,
and the reduced capacity (R Puc ) is equal
to the full capacity (Puc). In this case, the
radius (R) of the potential shear cone repre-
sents the spacing necessary to develop the
anchor capacity (Pye). RPyc or reduced
capacity cannot exceed the full ca-
pacity (P ,q).

Headed Anchor Tension Capacities

Table 4. shows the embedded tension capa-
cities for stock size Nelson headed anchors,
Note that the concrete capacity (Puc) is
shown only for those anchors where the
concrete capacity governs.

Anchors with full embedment where anchor
capacity controis show the value {Pue) for
anchor embedment capacity.

In confirmation of the data contained in Table

Table 4. Design Embedded Tension Capacities of Stock Size
Headed Anchors — Full Shear Cone Area Development

Ultlmateﬁ Tension Capacity (Puc)* — Kips
Strength 3. (3.) (3. (4.) {4.) 4. (5. (5.) (5.
(1) (2.) o f'c = 3000 f'c = 4000 f'c = 5000 f'c = 3000 f'c=4000 fc=5000 f'c=3000 f'c=4000 fec=5000
Anchor AW, Head Head Le Anchor psi psi psi psi psi psi psi psi psi
Size  Length Diameter Thickness (in.) (Pue) Kips NWT NWT NWT SLWT SLWT SLWT ALWT ALWT ALWT
YaxX2%s  2%g 500 187 23, 2.65 2.65 2.65 2.65 265 2.65 2.65 2.65 2.65 2.65
Va X 4% 4 .500 .187 3135, 2.65 2865 2.65 2.65 265 2.65 2.65 2.85 2.65 265
Hxdly 4 750 281
I x 6 6 750 281 3235, 5.96 5.96 5.96 5.96 5.96 5.96 5.96 5.96 5.96 596
523, 5.96 5.96 596 596 5.96 5.96 5.96 5.96 5.96 5.96
e x 2, 2 1.00 312 1 10.60 375 433 4.84 3.18 3.68 4.11 2.81 3.25 363
Ve X 3 3 1.00 312 2%e 10.60 8.20 946 10.58 6.97 8.04 8.99 6.15 7.10 7.94
Yo 4%, 4 " 1.00 312 31 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.6C 10.60
Ya x 5% 53¢ 1.00 312 475 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60
Yo X6l 6 1.00 312 5" 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60
Yax Bl 8 1.00 312 T 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60 10.60
% x2Ws 2% 1.250 312 23, 16.56 6.22 7.18 8.00 529 6.10 6.80 4.66 5.39 6.00
5% X 6%¢ 6% 1.250 312 6'; 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56
58 X 8% 8 1.250 312 T"g 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56 16.56
¥ x 3% 3 1.250 375 25 23.86 8.4 971 10.86 7.15 8.25 9.23 6.31 7.28 8.15
V%3 3% 1.250 375 3% 23.86 11.31 13.05 14.60 961 11.09 12.41 8.48 9.79 1095
Yy x 4%, 4 1.250 375 3% 23.86 14.62 16.87 18.87 12.43 14.34 16.04 10.97 12.65 1415
3, X 5% 5 1.250 375 435, 23.86 22.48 23.86 23.86 19.11 22.05 23.86 16.86 19.46 21.76
3, x6% 6 1.250 375 554 23.86 23.86 23.86 23.86 23.86 23.86 23.86 23.86 23.86 23.86
YaXTHg 7 1.250 .375 65; 23.86 23.86 23.86 23.86 23.86 23.86 23.86 23.86 23.86 23.86
Yy x 83 8 1.250 375 7%s 23.86 23:86 23.85 23.86 23.86 23.86 23.86 23.86 23.86 23.86
Tax3Ms 3% 1.375 375 3's 3247 1163 13.43 15.01 9.89 11.42 12.76 8.72 10.07 11.26
g X 4%¢ 4 1.375 375 35, 32.47 15.00 17.30 19.35 12.75 14.71 16.45 11.25 12.98 14.51
a X 53¢ 5 1.375 375 45 3247 22.96 26.49 29.63 19.52 22.52 25.19 17.22 19.87 2222
Ta X 6% 6 1.375 375 55; 3247 32.47 3247 32.47 27.68 31.95 3247 24.43 28.19 31.53
s X T¥e 7 1.375 375 i3 3247 32.47 3247 32.47 3247 32.47 32.47 32.47 32.47 3247
T X B34 8 1375 375 2 32.47 3247 32.47 32.47 3247 32.47 32.47 32.47 32.47 3247

NOTES: (1.) Stock Anchor Sizes

(2.) AW.— Length overall after welding to plate

(3.) NWT — Normal weight concrete (C
(4.) SLW

=1.0)

T — Sand Lightweight Concrete (C =0.85)
(5.) ALWT — All Lightweight Concrete (C=075)
“Puc — From equation 5. Section 3 1 {where Puc ~ Pue, Pue controls )

10



4., one part of the Lehigh tests® was ten- (Pue) did not fail in the stud but in the con-

sion‘loading of headed anchors embedded in crete. If the value of concrete capacity (Puc)
normal weight and all lightweight concrete were to govern according to Equation 5
beams. The beams were 2" x 2' and the full Section 4.3. failure of the concrete would be
shear cone development confirmation test calculated as being some 73 kips for speci-
specimens were placed in the center of the men 5. and 55 kips for specimens 6 and 7.
beam so that no boundary conditions would Obviously, failure in the concrete at much
influence the resuits. Table 5. summarizes the lower values indicates that design embed-
results of the tested specimens versus theo- ment strength (Pue) for full embedment
retical values from Table 4. specimens not concrete strength (Puc) con-

trols. A typical test beam, anchor arrange-
Note that specimens 5., 6. and 7., while ex- ment and anchor test schedule are shown
ceeding the design embedment capacity in Figure 6.

Table 5. Predicted Versus Actual Embedded Tension Capacity

Anchor Size  Concrete Type Actual Calculated Actual Failure Predicted

(A.W.Length) and Strength  Load Load* Mode Failure Mode
(1)3, x7 NWT-5200 psi 28.3 Kips 23.86 Kips Stud Stud
(2) Y% x7 & 28.5 23.86 Stud Stud
(3) 3% x7 " 28.0 23.86 Stud Stud
(4) % x7 ALWT-5300 28.7 23.86 Stud Stud
(5) % x8 NWT-4900 43.0 32.47 Concrete Stud
(6) 3% x 8 ALWT-5300 30.1 23.86 Concrete Stud
(7) 3, x8 i 315 23.86 Concrete Stud
(8) % x4 NWT-5180 18.5 18.87 Concrete Concrete
(9) 3% x4 " 18.5 18.87 Concrete Concrete

(10) 3%, x 4 " 17.3 18.87 Concrete Concrete

"For full embedment specimens, the ultimate design embedded
strength of the anchor (Pue) is shown rather than the concrete
capacity (Puc) since Puc > Pue.

J _ A1l ! . 'AZ _ [ 'A3 - X<+ Pure Tension Specimens (free edge)
2 0" e e e ., e e s Combined-Loading Specimens
. . . | * ® . L ® ° [ = r_\ or Pure Tension Specimens
' ; Pure Shear Specimens (free edge)
-3@ 70" = 21"-0" 4 ——08
Cast Seperately
1" -8NC x 10"
Threaded Stud
Schedule of Anchor Sizes
2" x 2" x 1/2” R AW.
Number D Length Le Dp Shank
| Tested (in.) (in.) (in.) (in.) Area (in.)
T Fx L 28 3, 4 35 11, 442
““&‘ D | lle 23 3, 7 6% 1V, 442
2 g D'.‘_. | L 6 Y 8 7:/3 1 % 442
l e AW. Length 3 /A 8 75 13, 601
‘ | |
2" 0" —
FIGURE 6.— Typical Test Beam and Anchor
Section X-X Test Schedule
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4.6

Spacing for Full Tension
Embedded and Fully Em

Capacity of Partially
bedded Anchors

The shear cone areas for partially embedded
anchors are calculated with

making the surface area radius

anchor, between anchors or from th
of an anchor to a free edge are bhase

fact.

a 45° cone,

(R) egual to
Le + Dh/2 in all cases. Spacing for a single

e center
d on this

Spacings for full embedment anchors are

Table 6. Spacing For Full Tension

Of Stock Size Headed
Anchor Spacing (R) In Inches

based on calculating the surface area radius
(R) according to Equation 6., Section 4.4 by
setting the term

S gg (C)V‘ ggoo =1and solving for De

Table 6. shows the minimum spacing re-
quired for full shear cone development capa-
city for stock size anchors in various con-
crete types and densities.

Capacity Development

Anchors

Anchor Normal Weight Concrete Sand Lightweight Concrete All Lightweight Concrete
Size 3000 psi 4000 psi 5000 psi 3000 psi 4000 psi 5000 psi 3000 psi 4000 psi 5000 psi
Vax2'hg  1.535in. 1.330in. 1.190 in. 1.808in. 1.566in. 1.401 in. 2.047in. 1.774in. 1587in.
Vax dY, 1.535 1.330 1.190 1.808 1.566 1.401 2.047 1.774 1.587
Yo x 414 2.305 1.997 1.786 2712 2.348 2.100 3.073 2.662 2.381
3 X B 2.305 1.997 1.786 2.712 2.348 2.100 3.073 2.662 2.381
o x 2V, 2.188 2.188 2.188 2.188 2.188 2.188 2.188 2.188 2,188
Yo X 3 3.188 3.188 3.188 3.188 3.188 3.188 3.188 3.188 3.188
Vo X 41, 3.070 2.661 2.380 3.613 3.131 2.800 4.096 3.548 3.174
Yo X 5% 3.070 2.661 2.380 3.613 3.131 2.800 4.096 3.548 3.174
o X B 3.070 2.661 2.380 3.613 3.131 2.800 4.096 3.548 3.174
Vo x 814 3.070 2.661 2.380 3.613 3.131 2.800 4.096 3.548 3.174
S x 21,4 2813 2.813 2.813 2.813 2.813 2.813 2.813 2.813 2.813
5g X 6%¢ 3.843 3.327 2.976 4.520 3.914 3.500 5122 4.436 3.968
55 X 8%, 3.843 3.327 2.976 4,520 3.914 3.500 5.122 4.436 3.968
¥, x 3¥4 3.250 3.250 3.250 3.250 3.250 3.250 3.250 3.250 3.250
% x 3  3.750 3.750 3.750 3.750 3.750 3.750 3.750 3.750 3.750
35 X 4%, 4.250 4.250 4.250 4.250 4.250 4.250 4.250 4.250 4.250
Y2 X 5%, 5.250 3.992 3.571 5.250 5.250 5.250 5.250 5.250 5.250
34 X 64 4610 3.992 3.571 5.424 4.697 4.201 6.147 5.323 4.761
3 X 7%, 4610 3.992 3.571 5.424 4.697 4,201 6.147 5.323 4761
Y X 8% 4610 - 3992 3.571 5.424 4,697 4.201 6.147 5.323 4.761
Tgx3's  3.813 3.813 3.813 3.813 3.813 3.813 3.813 3.813 3.813
g X 434 4.313 4.313 4.313 4.313 4.313 4.318 4313 4.313 4313
g X 53, 5.313 5.313 il 5.313 5313 5.313 5.313 5313 5313
g X 6% 5.377 4.657 4167  6.313 6.313 4.901 6.313 6.313 6.313
s X T 5.377 4.657 4,167 6.326 5.479 4.901 7.169 5.210 5.555
7o X 8% 5.377 4.657 4.167 6.326 5.479 4.901 7.169 6.210 5555
2R

2R

~

Minimum spacing for

single anchor = 2R

Minimum spacing between

anchors = 2R

12

1R,

&

Minimum spacing, center of
anchor to free edge = 1R
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4.7

Reduced Anchor Tension Capacity — Partial Overlapping Spacing Condition

Shear Cone :
Common reduction cases are shown in Fig-

The case of an anchor having sufficient con- ures 9, 10 and 11.
crete area surrounding it to develop a full
shear cone or optimum capacity is not fre-

quently found in practice due to the con- 1R
figuration of the concrete member in which
the anchor is embedded. I <R

More frequently, the physical dimensions of
the member cause a reduction in anchor
capacity for two primary reasons.

A. Boundary Conditions — Reduction in
shear cone area due to one or more edge
conditions can occur as shown in Figure 7.

% |

FIGURE 9.—One Reduction to Full Shear
Cone.

2R

FIGURE 7. — Boundary or Free Edge Condition

B. Spacing Conditions — To meet loading
requirements, headed anchors may be
grouped or clustered. Again, due to physi-
cal limitations, the distance between an-
chors may not be sufficient to allow full
shear cone area development, Essentially,
the cone areas overlap, producing a re-
duced area similar to that of a free edge
as shown in Figure 8.

FIGURE 10.—Two Reductions to Full Shear
FIGURE 8. — Overlapping Spacing Condition Cone
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CONE A - THREE REDUCTIONS

CONE B - FOUR REDUCTIONS 2&
R

FIGURE 11.—Three and Four Reductions
to Full Shear Cone

Finally, in the infrequent case where full reduced capacity of each anchor, the over-
cones overlap with very tight spacing, the lapping areas of reduction may normally be
areas of reduction may also overlap. Figure ignored.

12. shows such an example. In calculating the

OVERLAP OF
AREAS OF
REDUCTION

F!GURE12.~—Overlapping Areas of Reduc-
tion (Ar)
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4.8 Calculating Reduced Tension Capacity Atc or the full shear cone area of a partial
In calculating the reduced capacity of a embedment anchor may be calculated as
headed anchor shear cone influenced by Ajc= TS (R+1)
boundary conditions, the extent of reduction ) -
is dependent upon whether the anchor is since partla_lly embedded anchors pull a 45
long enough to develop its full embedment shear cone in tension, full shear cone area is.
strength (Pue) or whether the concrete capa- -
city (Puc) controls. Atc= mV2Le (Le + Dh)

. Full shear cone areas (Atc) for partial embed-

4.8.1 Partial Embedment — Reduced Shear Cone ment, stock size anchors are shown in Table
When the headed anchor is of insufficient 7. galong_W|'th gamg] tcone areas (Apg) for
length to develop full anchor embedment various single edge distances.
capacity, Puc or concrete capacity controls. . ,

From Section 4.2 Puc or concrete capacity ?’Re )a;eﬁ of_nthe &ergt?(‘)”'ggb Ogoﬁig;arl Cci’:f
may be calculated as: _pc) ollowing reductions by Y
ditions may be calculated as:

Puc = f CK Afc VTe Apczﬂ-RR—\/RRQ T
V\_lhen subject to reduction, the reduced capa- where:
city may be stated as: RR = Radius of the remaining or partial
R Puc = ¢ CK (Afc_ Ar)ifc cone

or . s : ;

i ; H = Height of the remaining or partial cone
RPuc=0 CK(A,.)VFc

pc (Equation 7.) Depth and embedment Le
where where more than one reduction to the cone
. — is necessary, the reduced capacity may be
R Puc = Reduced tension capacity in kips described as:
P, C. K as previously defined q
. R Puc = Puc — Afe— Ape g

Asc = Area of the full shear cone in square T““F}_‘(PUCT’

inches fc
A, = Area of reduction in square inches [ = Apc (puc):l

...... etc.
Apc = Area of the remaining or partial At =
pc . . .
cone in square inches (Equation 8.)
Table 7. Partial Shear Cone Areas For
Partial Embedment Anchors
Anetiog Apc For Distance To Free Edge Of:

Size AFC 0.5in. 1.0in. 1.5in. 2.0in. 25in. 3.0in. 35in. 4.0in. 45in. 5.0in. 55in. 6.0in.
Vo x 214 20.14 912 1163 14.48 17.70 — —> == — — — — —
Yo x 31 44.00 1889 2243 2627 30.48 3498 39.86 — — e — — —
Y Xx2'%g 3329 — 1744 2090 2469 2959 — — - iz — e =
% x3%es 4516 — 2269 26.55 30.74 3530 4022 - — — — = —
Yax3%s 6070 — 2941 33.80 38.49 4357 4896 5488 — — — — —
Yax4%, 7846 —  37.05 4193 4715 5268 58.56 64.78 7137 — — - —
Yax 5% 12064 — 5498 6088 67.11 7364 8052 87.72 95.29 103.19 11139 — —
ax 3 6244 — 2992 3434 39.08 44.18 4961 5543 — — — — —
Tsx 4%, 8048 — 3761 4254 47.79 5337 5934 6560 217 — - — —
78 X5%g 12321 — 5570 6162 67.88 7446 8137 8868 96.20 104.13 11240 — —
s X 6%g 17483 _— 77.28 8422 9150 9910 107.08 115.26 123.87 132.76 141.99 15158 161.62
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TENSION LOAD {kips)

4.8.2

Full Embedment — Reduced Shear Cone

In calculating the reduced capacity of a full
embedment anchor where Puc > Pue and the
anchor embedment strength controls, Equa-
tion 6., section 4.4 provides a conservative
estimate.

Restated, this formula to
reductions is:

calculate individual

c\/ sggo )Pu{L + etc.

2 De
9 Ds

" Pup =P

(Equation 9.)

With both partial embedment and full embed-
ment anchors, the reduced tension capacity
of a shear cone subject to boundary or edge
conditions is equal to the full tension capa-
city Pue or Puc minus the sum of the num-
ber of reductions. Under no condition can

Tables 9. through 14. foliow These tables
show the amount of a single reduction (in
kips) to the tension capacities of stock size
anchors for various edge distances. Tableg
9, 10. and 11. are for normal weight con-
crete of 3, 4 and 5 Kasi compressive strength.
Tables 12., 13, and 14. are for all lightweight
concrete of the same compressive strengths.

Approximate reduction values for sand light-
weight concrete may be calculated by inter-
polating between the values shown for
normal and lightweight concretes.

Several specimens subject to edge condition
reduction were tested in the Lehigh study
Figure 13., shows the tested results plotted
against the calculated curve for Sp x 73"
full embedment specimens.

One specimen tested was a partial embed-
ment anchor, 3, x 4%¢" in 5000 psi normal
weight concrete at a distance from the center
of the anchor to the free edge of 2.0". Table

the anchor design capacity (Pue) be 8. includes the calculated versus tested re-
exceeded. sults for this case.
CONCRETE SLAB
af
2R
|
A n p
3o e e A I il |
T T ————— - — 7% ‘\\ s
/ ‘.n 5 A { /1_, 2, LE
¥4 CURVE FOR i i =
20} 2./ — CALCULATED vaLUES 1 AR | J
/ PER EQUATION 9, “AR I '
/ Apc | ‘
/ — l—Dy, —I —Dby,
10 // Xt !X
/
/ fc  Concrete
| | | | ) ! Symbol Beam  Stud Size (psi) Type
0 2 4 6 8 10 12 A A %" x 73" 5270 Normal
) ) " B 3.7 x 735" 4900 t
FREE EDGE DISTANCE (inches) De 0 c 3" x 735" 5180

FIGURE 13. — Tension Reduction

Table 8.

Specimen Size Concrete Density Tested Value

Calculated Value

" % 4%" 5000 psi Normal
Note: . Value obtained from Table 9.

11.0 Kips

11.34 Kips 1

Table 8: 3, x 4%" Headed Anchor with 20" Free Edge Distance

1in 5000 psi Normal Weight Concrete
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Table 9. Single Reduction Values For
Distances in 3000 Psi Normal Weig

Tension

Various Edge
ht Concrete

Reduction To Tension Capacity (Kips)
Distance From Center Of Anchor To Free Edge (Inches)

Anchor  Radius Capacity 2, De

Size N.Ww.Cc.1, Kips Afc 05 10 15 20 25 3.0 35 40 45 5.0
Ya x 2'%s  1.535 in. 2.65 142 118 73 24 0 0 0 0 0 0 0
Va x 4Y, 1.535 2.65 142 118 73 24 0 0 0 0 0 0 0
Y x 41 2.305 5.96 320 302 232 1865 92 0 0 0 0] 0 0
3% X Bl 2.305 5.96 320 302 232 185 92 0 0 0 0 0 0
Yo x 2V 2.188 3.75 201 — 158 105 46 0 0 0 0 0 0
Yo X 3 3.188 8.20 44.0 —_ 402 330 252 168 78 0 0 0 0
o x 41y 3.070 10.60 56.9 — 472 385 294 197 86 0 0 0 0
o x 5%s 3.070 10.60 569  — 472 385 294 1 87 9 0 0 0 0
> x 6%  3.070 10.60 569  — 472 385 o4 197 986 ¢ 0 0 0
Yo X 8 3.070 10.60 56.9 == 472 385 294 197 96 0 0 0 0
5 x 2% 2.813 6.22 33.3 — 295 231 180 69 0 0 0 0 0
55 x6%;5  3.843 16.56 889 — 789 g82 572 457 338 213 ¢ 0 0
5% X 8%s 3.843 16.56 889 — 789 682 572 457 338 213 0 0 0
% x 3%s 3.250 8.41 452 — — 347 269 184 92 0 0 0
% x 3 3.750 11.31 60.7 — — 501 414 319 219 112 0 0 0]
Y x 4% 4.250 14.62 78.5 — = 681 584 481 371 255 1.33 0 0
¥ x5%s 5.250 22.48 120.6 - — 1174 998 876 7.48 6.13 472 325 172
% x6%s 4610 23.86 1281 — — 1061 932 799 661 517 369 215 0
YoxT%s 4610 23.86 128.1 . — 1061 932 799 861 517 369 215 0
3 x8%s 4.610 23.86 128.1 — — 1061 932 799 661 517 369 215
s x 3 3.813 11.63 62.4 — — 5.24 436 340 240 1.31 0 0 0
s x4%s 4313 15.00 80.5 — — 707 609 505 394 277 1:05 0 0
s Xx5%s 5313 22.96 123.2 —= — 1148 10.32 9.09 7.80 6.44 504 3586 202
T4 XxB%e 5.377 32.47 174.4 — — 15.18 13.70 12.18 10.61 9.00 7.33 562 384
s X T%e 5.377 32.47 174.4 — — 15.18 13.70 12.18 10.561 9.00 733 562 3384
% x 8% 5377 32.47 174.4 — — 15.18 13.70 12.18 10.61 9.00 7.33 562 384

Notes: (1.) Radius Or R From Table 8., Section 4.6,
(2.) Tension Capacity Puc Or Pue From Table 4., Section 4.5.
Table 10. Single Reduction Values For Various
Edge Distances In 4000 Psi Normal Weight Concrete

Reduction To Tension Capacity (Kips)

Distance From Canter Of Anchor To Free Edge (Inches)

Tension
Anchor Radius Capacity 2. De
Size N.W.c.1 Kips Afc 0.5 1.0 15 20 25 30 35 490 4.5 5.0

Yax 2% 1.330in. 2.65 123 1.15 65 0 0 0 0 0 0 0 0
Vs X 4 1.330 2.65 123 1.15 65 0 0 0 0 0 0 0 0
e x4, 1.997 5.96 27.7 292 222 147 0 0 0 0 0 0 0
3 x Bl 1.997 5.96 277 292 222 147 0 0 0 0 0 0 0
»x2%  2.188 4.33 201 __ 1.82 122 53 ¢ 0 0 0 0 0
1o x 3% 3.188 9.46 440 _ 464 381 291 1.94 .89 0 0 0 0
Yo x 4l 2.661 10.60 493 _ 459 383 2682 155 0 0 0 0 0
% x5%g 2.661 10.60 493 459 363 2682 155 0 0 0 0 0
Vo x 65 2.661 10.60 493 — 459 383 282 155 0 0 0 0
Vo x 8% 2.661 10.60 493 — 459 363 262 155 0 0 0 0 0
S5gx 24 2.813 7.18 838 = 341 266 185 80 0 0 0 0 0
93 x 6% 3.327 16.56 o = 775 658 536 4.09 2.76 0 0 0 0
Y% x8%s 3.327 16.56 7.0 — 7.75 668 536 4.09 278 0 0 0 0
¥ x 3% 3.250 9.71 452 — — 400 3.10 212 106 0 0 0 0
¥ x3'e 3.750 13.05 60.7 — — 578 477 368 252 1.29 0 0 0
Y x 4% 4250 16.87 785 — — 785 6.73 554 428 294 152 0 0
¥, x 5% 3.992 23.86 e — — 10.35 B892 7.44 591 433 0 0 0
3 x 6% 3.992 23.86 1110 — — 1035 892 744 591 4.33 0 0 0
¥ x7%s 3.992 23.86 1110 — — 1035 8.92 7.44 591 4.33 0 0 0
Iy x 8% 3.992 23.86 1110 = — 1035 892 744 591 4133 0 0 0
g x3'e 3.813 13.43 624 — - 604 502 392 276 1.51 0 0 0
g x4%g 4313 17.30 805 — — 815 7.03 583 454 3.20 1.79 0 0
s %x5%¢ 5313 26.49 1232 — — 13.24 11.90 1049 899 743 581 410 232
Tax 6% 4657 32.47 151.0 — — 14.88 13.24 1155 982 803 6.19 429 0
e X 7¥e 4657 32.47 1510 — ~ 14.88 13.24 1155 9§82 8.03 6.19 4029 0
7ax 8% 4657 32.47 15286 — - 14.88 13.24 1155 982 803 6.19 429 0

Notes: (1.) Radius Or R From Table 6., Section 4 6
(2.) Tension Capacity Puc or Pue From Table 4 Section 4 5.
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In 5000 Psi Normal Weight Concrefé B

Reduction To Tension Capacity (Kips)

Tension Distance From Center Ot Anchor To Free Edge (Inches)
Anchor  Radius Capacity (2. De
Size N.w.c.n. Kips Afc 05 10 15 20 25 30 35 40 45 59
Yax 2 1.190in. 2.65 1.0 1.1 58 0 0 0 0 0 0 0 0
Vax4% 1190 2.65 1.0 19039 58 0 0 0 0] 0 0 0 t]
Yex4% 1786 5.96 248 289 212 130 o0 0 0 0 0 0 0
Y%x6l%  1.786 5.96 248 289 212 13p 0 0 0 0 0 0 0
Yax2% 2188 4.84 2001 — 204 138 59 g 0 0 0 0 0
% x3%  3.188 10.58 440 — 519 426 325 217 1.00 o0 0 0 0
x4l 2380 10.60 41 — 446 342 232 0 0 0 0 0
Yo x 5%  2.380 10.60 441 — 446 342 232 g 0 0 0 0 0
> x8%  2.380 10.60 441 — 446 342 232 ¢ 0 0 0 0 0
o x8% 2380 10.60 441 — 446 342 232 ¢ 0 0 0 0 0
% x2s 2813 8.00 333 — 381 298 207 89 o 0 0 0 0
% x8%s 2978 16.56 689 — 760 633 500 362 g 0 0 0 0
% x8%g 2976 16.56 689 — 760 6.33 500 362 0 0 0 0 0
Y x3%s 3.250 10.86 452 — — 448 347 237 119 0 0 0 0
%% x3'e 3.750 14.60 60.7 — - 647 534 412 282 145 0 0 0
Yy x 4% 4.250 18.87 785 — — 8.79 7.53 620 479 329 1.7 0 0
Y x5%¢  3.571 23.86 992 — — 10.04 849 B8 520 350 o 0 0
¥ x 6% 3.571 23.86 99.2 — — 10.04 849 88 5022 350 ¢ 0 0
Y x7%g 3571 23.86 99.2 — — 1004 849 pB88 500 350 @ 0 0
Yax 8%¢  3.571 23.86 99.2 — — 10.04 849 588 5020 350 o0 0 0
s X3 3.813 15.01 624 — — 6.76 562 439 309 169 0 0 0
Ta X 4% 4313 19.35 805 — — 812 786 652 508 358 200 o 0
Ta X 5% 5313 29.63 1232 _— — 148113.31 11.73 10.08 8.31 650 459 2460
Tex 6%5  4.167 3247 1350 — — 14551276 10.92 904 709 509 0
Tax7%s  4.167 3247 1350 — — 14551276 1092 9,04 709 509 ¢ 0
s x 8%g  4.167 3247 1350 _ — 14551276 1092 904 709 509 o0 0
Notes: (1.) Radius Or R From Table 6., Section 4.6,
(2.) Tension Capacity Puc or Pue From Table 4. Section 4.5,
Table 12, Single Reduction Values For Various Edge

Distances In 3000 Psi All L

ightweight Concrete

Reduction To Tension Capacity (Kips)

Tension Distance From Center Of Anchor To Free Edge (Inches)

Anchor  Radius Capacity 2, De

Size  ALWT. Kips Ale 05 19 1.5 20 25 30 35 40 45 50 55 6.0 6.5
laX 2%, 2.05in. 265 19.0 129 84 42 0 0 0 0 0 0 0 0
Vax 415 2.05 265 190 1.2 84 42 ¢ 0 0 0 0 0] 0 0 0
Y5 X 41, 3.07 596 427 297 o244 187 126 81 ¢ 0 0 0 0 0 0 0
Sax Bl 3.07 5.96 427 297 244 187 126 81 o0 0 0 0 0 0 0 0
Yo X 2V 2.19 2.81 201 — 1189 79 35 0 0 0 0 0 0 0 0
T2 x 3 3.19 6.15 440 — 302 248 189 126 59 ¢ 0 0 0 0 0 0
o x 41 4.10 10.60 5.8 — 482 409 333 253 1.68 79 0 0 0 0 0 0
»x5%s 410 10.60 759 — 482 409 333 253 1.68 79 0 0 0 0 0 0
Vo x By 4.10 10.60 759 — 482 409 333 253 168 79 o 0 0 0 0 0
Yo x 81 4.10 10.60 759 — 482 409 333 253 168 79 o 0 0 0 0 0
% x 21 281 4.66 333 — 221 173 120 52 0 0 0 0 0 0 0 0
% x6%s 5.12 16.56 1186 — 796 7.08 6.1 5.26 420 316 207 9S4 q 0 0 0
s x 8%, 5.12 16.58 1186 — 796 708 6.18 526 420 3.18 207 94 o 0 0 0
Y4x 3% 325 6.31 452 — — 260 202 138 68 0 0] 0 0 0 0 0
Yax 3 375 8.48 60.7 — — 3.76 311 239 184 84 0 0 0 0 0 0
Iix4¥; 425 10.97 785 — — 511 438 361 278 191 1.00 0 0 0 0 0
Jax5%, 525 16.86 1206 — — 869 749 57 561 460 354 244 129 g 0 0
¥, x6%; 6.15 23.86 1708 — — 1084 976 ggs 749 629 505 377 244 107 ¢ 0
Y4 x7%g 615 23.86 1708 — — 10.84 978 ggs5 749 829 505 377 244 107 0 0
3, x8%g  6.15 23.86 1708 — — 1084 976 855 7 49 629 505 377 244 107 0 0
Tax 31, 3.81 872 624 — — 3.93 327 255 1.80 98 ¢ 0 0 0 0 0
Ta X 4%e 431 11.25 805 — — 530 457 379 296 208 116 o] 0 0 0 0
X535 5.31 17.22 1232 — — 861 774 82 5.85 483 3.78 267 152 ¢ 0 v}
e x 6%  6.31 24.43 1748 — — 12,66 11.65 10.59 948 832 7.12 5.88 459 325 185 ¢
e X T 7AT 32.47 2325 — — 15.37 1414 12,86 11.55 10.20 8.81 7.37 590 438 281 120
ax 8% 717 32.47 2325 — — 15.37 1414 1286 11.55 1020 8.81 737 590 428 281 1 20

Notes: (1.) Radius Or R From Table 6., Section 486.

(2.) Tension Capacity Puc Or Pue From Table 4., Section 4.5,
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lablie 13. single Reduction Values For Various Edge
Distances In 4000 Psi All Lightweight Concrete

Reduction To Tension Capacity (Kips)

Tension Distance From Center Of Anchor To Free Edge (Inches)
Anchor Radius Capacity ‘2, De
Size  ALWT. Kips Alc 05 10 15 20 25 30 35 40 45 50 55 g0 6.5
P X 2T, 1.77 in, 265 164 120 79 34 0 0 0 0 0 0 0 0 0 0
Vi x 4, 1.77 2.65 164 120 79 34 o 0 0 0 0 0 0 0 0 o]
Vg x 41 2.66 5.96 37.0 298 240 1.78 1.12 A1 0 0 0 0 0 0 0 0
s x 6 2.66 596 370 298 240 1.78 1.12 41 0 0 0 0 0 0 0 8]
Yo x 21 2.19 325 201 — 137 92 40 o0 0 0 0 0 0 0 0 0
Yo X 31 319 710 440 — 348 285 218 146 67 0 0 0 0 0 0 0
o X 41 3.55 10.60 657 — 479 400 317 229 136 39 0 0 0 0 0 4]
Yz X 5% 3.55 10.60 657 — 479 400 317 229 136 39 o 0 0 0 0 o
o x By 3.55 10.60 857 — 479 400 3.17 229 136 39 0 0 0 0 0
Vo X Bly 855 10.60 657 — 479 400 317 229 136 39 0 0 0 0 0
X2 281 5.39 333 — 256 200 139 60 0 0 0 0 0 0 0
o8 X 6% 4.44 16.56 1027 — 796 7.00 599 495 386 272 154 0 0 0 0
s X 83, 4.44 16.56 1027 — 796 7.00 599 495 386 272 154 ¢ 0 0 0 0
34 x 3%, 3.25 7.28 452 — — 300 233 159 80 o 0 0 0 0 0 0
%x3"%¢ 375 9.79 607 — — 434 358 276 189 g7 0 0 0 0] 0 0
¥ x 4%, 4.25 12.65 785 — — 589 505 416 321 229 114 0 0 0 0 0
Tix B3 5:25 19.46 1206 — — 964 864 758 647 547 409 282 149 o 0 0
3. X B3 532 23.86 1479 — — 1078 961 839 713 583 447 307 163 0 0 0
Yax T, 532 23.86 1479 — — 1078 961 839 7.13 583 447 307 163 0 0 0
2% 83, 532 23.86 1479 — — 1078 961 839 713 583 447 307 183 o0 0 0
sx3"e  3.81 10.07 624 — — 453 377 294 207 113 0 0 0 0 0 0
T X 43 4.31 12.98 805 — — 611 527 437 341 240 134 ¢ 0 0 0 0
g X 5%, 5:31 19.87 1282 — — 993 893 787 674 557 436 308 174 o0 0 0
8 X B35 6.31 28.19 1748 — — 1481 1344 1221 1093 9gp 822 679 529 375 179 0
8 X 73, 6.21 32.47 2013 — — 15.34 1399 1261 11.18 971 819 662 501 335 184 0
a X 834 6.21 32.47 213 — — 1534 13.99 1261 1118 971 819 662 501 335 164 0
Notes: (1)) Radius Or R From Table 6., Section 4.6,
(2.) Tension Capacity Puc Or Pue From Table 4., Section 4.5.
Table 14. Single Reduction Values For Various Edge
Distances In 5000 Psi All Lightweight Concrete
Reduction To Tension Capacity (Kips)
Tension Distance From Center Of Anchor To Free Edge (Inches)
Anchor  Radius Capacity ‘2, Qe
Size ALWT, Kips Alc 05 10 15 29 25 3.0 35 40 45 50 55 60 65
ax2%s 1587 in. 2.65 147 118 75 28 0 0 0 0 0 0 0 0 0 0
Ty x4y 1.587 2.65 147 118 75 26 0 0 0 0 0 0 0 0 0
g x4, 2.381 5.96 33.1 297 235 168 g7 0 0 0 0 0 0 0 0 0
Ygx By 2.381 5.96 381 297 235 188 g7 0 0 0 0 0 0 0 0 0
2 X 214 2.188 3.63 201 — 153 102 44 ¢ 0 0 0 0 0 0 0 0
1o x 31 3.188 7.94 440 — 389 320 244 183 75 0 0 0 0 0 0 0
Vo x 4% 3.174 10.80 588 — 474 389 299 205 106 0 0 0 0 0 0 0
2 x5%5  3.174 10.60 588 — 474 389 299 205 108 o 0 0 0 0 0 0
5 X 64 3.174 10.60 588 — 474 389 299 205 108 o0 0 0 0 0 0 0
To x 8V, 3.174 10.60 588 — 474 389 299 205 108 o0 0 0 0 0 0 0
%% 2 2813 6.00 333 — 286 224 155 67 ¢ 0 0 0 0 0 0 0
%y xB8%;  3.068 16.56 91.8 — 790 887 579 467 3.49 227 0 0 0 0 0 0
3 x 835 3958 16.56 918 — 790 687 579 487 349 227 0 0 0 0 0 0
2x33%5  3.250 8.15 452 — — 336 260 178 89 0 0 0 0 0 0 0
4 x3",s 3750 10.95 60.7 — — 485 401 309 212 109 g 0 0 0 0 0
fax 43, 4250 1415 785 — — 659 565 465 359 247 128 0 0 0 0 0
ix5%5 5250 21.76 1206 — — 1078 966 848 7.24 5094 458 315 167 ¢ 0 0
X B35 4761 2386 1323 — — 1066 940 809 674 533 389 238 o 0 0 0
TaXT3: 4761 2386 1323 — — 1066 940 809 674 543 389 238 ¢ 0 0 0
ax 835 4761 2386 1323 — — 1066 940 809 674 533 389 238 o o} 0 0
ax 3 3813 1126 624 — = 507 422 329 2132 127 @ 0 0 0 0 o
Tgx 43, 4313 14 51 805 — — 6.84 590 489 381 269 150 0 0 0 0 0
ax5%y 5313 2222 1232 — — 1111 998 880 755 6.23 488 344 1.95 0 0 0
wx6%  B.313 3153 1748 — — 16.34 1503 1366 12.23 10.74 9 19 759 592 419 233 0
A X T3y 5.555 3247 1801 — — 1522 1378 1229 10 75 917 754 588 413 234 0 0
wx 8%, 5555 3247 1801 — — 1522 1378 1229 10 75 917 754 586 413 2.34 0 0
Notes (1) Radius Or R From Table 6.. Section 4.6

(2) Tension C

apacity Puc Or Pue From Table 4 . Section 45
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4.8.3 Use of Tables 9. through 14,

An example calculation for reduced capacity
of a headed anchor follows.

Case: Insert plate with 6 anchors, ', x 61,
embedded in 5000# normal weight concrete
for Figure 14. Find the reduced capacity of
the end anchors, A. and the full plate
capacity.

A. From Table 4., section 4.5 tension capacity
of 4 x 6%" anchor in 5000¢ concrete —
10.60 kips

B. From Table 6., section 4.6 spacing for
> x 6% anchor in normal weight con-
crete = R = 238 in. Min. spacing be-
tween anchors = 476" = 2R. Min.
spacing to free edge = 2.38" = R,

C. Spacing between anchors in Figure 14 is
4.75" or sufficient for full tension capacity.

D. Spacing to edge in Figure 14., is 2.0" not
adequate for full capacity.

E. From Table 11., reduction values in 5000#
concrete, 2.0” distance to free edge, A
anchors with 2 reductions.

R Pue = Pue— (2.32 + 2.32)
R Pue = 10.60 — 4.64
R Pue = 5.96 kips = capacity of A anchors

F. Total capacity of insert in tension.

1. Two anchors (A) with 2 reductions = 2 x
5.96 = 11.92 Kips.

2. Four anchors (B. & C.) with 1 reduction
=4 (10.60 — 2.32) = 33.12 kips

Total insert plate capacity = 45.04 kips

Allowable load = 45%= 2252 Kips.

For additional sample problem see Section
7.0.
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4.9 Anchors In Groups — A Note Of Caution

In some connection designs, the use of
groups of headed studs is quite prevalent,
These anchor groups use large numbers of
studs spaced so closely that full conical
areas cannot be developed. Examples of such
grouping of headed anchors are seen in
turbine mounting plates, column-beam con-
nections, shelf angles, nuclear containment
liner base rings, etc.

In these cases, whether the anchor is sub-
ject to a shear or tension load, there is 2
possibility that large numbers of headed an-
chors of the same embedment length may
cause the establishment of a shear plane in
the concrete. Failure then occurs in the con-
crete in the form of a truncated pyramid as
shown in figure 15.

LINE OF
SHEAR PLANE
FAILURE

FIGURE 15. — Shear Plane Failure

Usually, calculation of the anchor group on
the basis of individual anchors and their re-
ductions yields a low allowable load for the
connection. Calculation of the allowable
shear or tension load by using the surface
area of the truncated pyramid as Afc in the
formula Puc =8 CK AfcVfc should be made
as a check on the anchor group performance.
Problem No. 2 in the sample problem Sec-
tion 7.0, shows this procedure. A higher
allowable load value using the truncated
pyramid area calculation is acceptable, pro-
vided that sufficient secondary reinforce-
ment in the form of bars and’or mesh is
employed to increase the connection per-
formance into the ductile range.

It is far better to avoid the possibility of shear
planes and reduced connection performance
by applying the following corrective
measures,

1. Change in anchoer size

2. Change in anchor spacing

3. Placement of longer or shorter embed-
ment length headed anchors in the stud
pattern to disrupt the potential shear plane
effect.

Finally, a confirming calculation based on
group performance should be made on any
Cluster of anchors where the spacing be-
tween anchors approaches the 2R minimum
suggested for tension in Table 6. and for
shear in Table 16.

e
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2.0 EMBEDMENT PROPERTIES OF
HEADED ANCHORS IN SHEAR
3.1 Ultimate Embedded Shear Capacity

Shear capacities of embedded anchors have
been the subject of numerous investigations.
One study of Driscoll and Slutter® ob-
served that a height-to-diameter ratio (H/Ds)
of 4 or more for headed anchors embedded
in normal weight concrete js sufficient to
develop full shear capacity. The stud height
is measured, after welding, from the top of
the head to the weld plate as the entire stud
resists the shear force.

Recently, Ollgaard, Slutter angd Fisher)
conducted a detailed investigation of the
shear capacities of headed anchors in both
normal and lightweight concrete. This report
concluded that the ultimate shear capacity
of a headed, stud welded anchor can be
calculated as:

Suc = 1.106 As f'c0 3 Ego.44

Restated in terms of psi as used throughout
this publication, the following is derived:
Suc = 6.66 x 103 As f'¢ C.3 Ecoa44

Equati ;
Where: (Equation 163

Suc = Concrete Shear Capacity of Head-
ed anchor in kips.

f'c_= 28 day concrete compressive strength,
psi

Ec = modulus of elasticity, psi, which may
be calculated as:
Ec = w1533 -/ fc (ACI318-71 Section 8.3.1)

where:
W = unit weight of concrete in pcf

A typical load slip curve based on 3" di-
ameter studs from the referenced report is
shown in figure 16.

For engineering purposes, an ultimate
strength design equation representing a con-
servative value for the embedded shear ca-
pacity of a headed anchor may be stated as:

30}
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1DJ

SHEAR LOAD PER CONNECTOR (kips)

l [

SUC = 0 6.66 x 10 * As 't ' E¢. ML Sye
where §) = 0 .85 ‘

Suc =566 x 10 3 As f'c 0.3 Ect41 £ gue
(Equation 11.)

where:

Sue = The ultimate embedded shear ca-
pacity of a headed anchor which
cannot exceed 0.9 Asfs.

Basically, the embedded shear capacity of a
headed anchor is dependent upon the
following:

1. Concrete Properties
A. Weight
B. Compressive Strength
C. Modulus of elasticity
2. Headed Anchor Size
A. Shank area (As)
B. Height to diameter ratio (H/Ds)
3. Boundary Conditions
4. Anchor Spacing or Grouping

Table 15. shows stock anchor sizes and
their shear Capacities in 145 pcf normal
weight concrete and 110 pcf sand lightweight
concrete of various densities.

These capacities are based on sufficient sur-
rounding concrete so that the full shear
strength may be developed.

The concrete weights chosen for use in
Table 15. are among those most commonly
used in normal and lightweight calculations.
Actual shear capacities for concrete weights
other than shown may be calculated by using
Equation 11,

Shear capacity values for anchors embedded
in all lightweight concrete will be slightly
less than these shown in Table 15. The gdif-
ference is slight enough, however, that the
use of the values shown for headed anchor
shear capacity in al types of lightweight
concrete are acceptable.

—_—
-

LNORMAL WEIGHT CONCRETE

LIGHTWEIGHT CONCRETE

| I l

0.1 0.2

0.3 0.4 0.5

AVERAGE SLIP {inches)
FIGURE 16. — Average Slip, Inches
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Table 15. Full Embedment Shear Capacities Of Headed Anchors

Concrate Shear Capacit Suc) Kips
AW, (2) r Capacity (Suc) Kip

Anchor (1) Length H/Ds Sue (3.) Normal Concrete (145 pcr) Lightweight Concrete (110 pet)
Size {in.) (No. of Dla.) {Kips) 'e _3000psi fc 4000 psi 1o 5000 psi f'e 3000psi rc apog psi Fr 5000 ps
Ve x 2 rr T 1025 265 200 259 265 185 216 ar
x4 4 1600 265 222 259 265 185 216
R 4 1067 596 498 579 596 414 483 541
Ja % 6% 6 1600 596 498 579 596 414 483 541
Yo x 2V, 2 400 10 60 887 1033 10 60 739 B a1 9 ha
Yo X 3% 3 600 10,60 887 1033 10 60 739 861 962
‘/?xil‘/a 4 8.00 1080 887 1033 10 60 7139 861 G B
Yo X S 5% 1037 10 60 8.87 10 33 10 60 739 A61 a4
‘,‘;xs‘/a 6 1200 " 1060 887 10.33 10 60 739 861 962
Yo x 8Y 8 16 .00 10 60 887 10.33 10.60 739 861 9 A2
X2 2, 400 16.56 1389 1619 16 56 1157 1349
s X 6%¢ 6% 1020 16 56 1389 16.19 16 56 11 57 1349
s X BYg 8 12.80 16.56 1389 16.19 16 56 1157 1349
Yo X 33y, 3 4.00 23.86 1999 233 23.86 18 67 19 42
T 3N, 3% 467 2386 19.99 233 23 86 16 67 19 42
tax 4 4 533 23.86 1999 233 23.86 16 67 19 42
Yo x 5% 5 667 23.86 1999 233 2386 16 67 1942
Ya % 6% 6 800 2386 1999 233 2386 16 67 1942
Ya X T%g 7 933 23.86 1999 233 23 86 16 67 1942
Yo X 8% 8 1067 2386 1999 233 2386 16 87 1942
T x 3% 3t 4.00 3247 2719 3169 3247 2266 2641 f
Ta X ¥, 4 457 3247 2719 3169 32 47 2266 2641
78 X 5% ) 571 3247 2719 3169 32 47 22 66 26 41
Ta X 6% 6 6.86 3247 2719 3169 3247 2266 26 41
Ta X T¥hg 7 800 32.47 2719 3169 32 47 22 66 26 41
Yo x B 8 914 32.47 2719 3169 3247 22 66 2641
NQOTES (1) Stock Anchor Sizes (3} Sue = Ultimate Stud Embedded Shear Strength
(2) AW Length — Length After Welding Sue = 9 Agts, where Suc > Sue, Sue Controls
5.2 Spacing For Development Of Full Shear Spacing to develop full shear capacity s
Capacity. influenced by the following factors with
. y Case B. assuming hi her relative importance.
There are two basic failure modes for studs g hig B
subject to pure shear forces. In the first, the A. Spacing between anchors in a group or
concrete capacity exceeds the anchor ca- with regard to boundary conditions on
pacity and failure occurs in the anchor. The anchors without a free edge in the direc-
second failure mode occurs when the anchor tion of the shear force.

capacity exceeds the concrete capacity. From
the Ollgaard, Slutter and Fisher investiga-
tion‘®-, " failure occurs in a wedge shaped
section pulled from the concrete and is pre-

B. Spacing between anchors and distance
from a free edge of anchors at an edge
Subject to shear force.

ceeded by localized crushing ahead of the As long as the anchor has no free edge in
Stud, bending in the stud and cracking ex- the direction of the shear force, Case A.
tending at an angle from under the stud applies, and Spacings are governed by the
head behind the stud to the concrete — H/Ds ratio. A spacing equal to the ratio of
steel interface. 4.0 is satisfactory to develop the full poten-
This failure is somewhat different from the ?:Llshear Capacity of a headed anchor.
. . ; e 16., which follows, shows the full
large conical type failures that occur in spacing requirements
tension loading, and is relatively unaffected )
by stud length or stud spacing as compared Free edge conditions in the direction of the
with tension loading. shear force are covered in Section 5.3.2.
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Table 1

6. Spacing For Full Sh

ear Capacit

Of Stock Size Headed Anchors

Anchor Spacing

(R) In Inches

y Development

Anchor Size  Ratio Normal, Sand Lightweight or All Lightweight Concrete
H/Ds 3000 psi 4000 psi 5000 psi
“ax2%s 1025 05 05 05
Ya x 414, 1600 05 0.5 05
Y x 41 1067  0.75 0.75 0.75
% X 61 16.00  0.75 0.75 0.75
o X 21 400  1.00 1.00 1.00  Note:
Yy x 31, 8.00  1.00 1.00 1.00 R = Radius
Lk, R 0o 100 100 1 Minimum spacing
2 16 . . B - i =
T X 61 1200 1.00 1.00 1.00 or single anchor
Ys x 81/, 16.00 1,00 1.00 1.00 '
%BX2s 400 125 1.25 1.25 2 Minimum spacing
%x8%s 1020 125 1.25 1.25 Setween anchors =
%x8%s 1280 195 1.25 1.25 8.
Yy X 3,4 400 150 1.50 150 3. Minimum spacing,
Y, X 311/, 4.67 1.50 1.50 1.50 center of anchor to
¥, X 4%, 5.33 1.50 1.50 1.50 free edge not
Y, X 53, 6.67 1.50 1.50 1.50 Subject to shear =
¥, X 63 8.00 1.50 1.50 1.50 1R.
Y X T 9.33 150 1.50 1.50
%, x 8%, 1067 150 1.50 1.50
T X 311, 400 175 1.75 1.75
T X 4%, 457 175 1.75 1.75
7 X 53¢ 5.71 1.75 1.75 1.75
T X 6%, 6.86  1.75 1.75 1.75
o X 7% 8.00 1.75 1:75 1.75
T X 8%, 914 175 1.75 1.75

5.3 Reduced Shear Capacity of Headed Anchors

5.3.1.Case A.— Boundar

ing Between Anchors Not Sub-

jecttoa

While the failure

ferent, anchors y
may be subject to
subject to tension,

mode or geometry is dif-
nder applied shear force
reductions as are anchors
Shear capacity may have

one, two, three or four reductions due to

Spacing between anchors I a group or due

¥y Conditions and Spac-

Free Edge Shear Force.

to spacing to a
tion of the shear force.

Figures 17., 18. and 19.

illustrate the reduc-

tions that may take Place. Again, the con-

crete failure geometry in
but is most conveniently illustrated by the
use of drawings similar
tension forces.

shear is not conical,

to those used with

FIGURE 17.—0One Reduction
Capacity.
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FIGURE 18.— Two Reductions to Shear
Capacity.

FIGURE 19.— Three and Four Reductions
to Shear Capacity.

Note that in all the cases shown, the anchors
are placed sufficiently far back from the free
edge in the direction of the shear force that
the shear edge condition may be ignored.
This edge condition is covered in Section
532,

Using conical area calculations for shear as
used in Section 4.8 conservatively approxi-
mates the reductions to shear capacity ac-
cording to the following formula.

AfCRADc
RSuc = Suc — ( )(Suc)T +
At
c
A A
(M)(Suc): * .etc.)]
Atc

(Equation 12.)
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Tables 17. through 22. show reduction values
for single reductions to shear capacities of
stock size headed anchors for various edge
distances in 145 pcf normal weight concrete
of 3000, 4000 and 5000 psi compressive
strengths and 110 pcf lightweight concrete
of the same strengths.

Where: RSuc = Reduced shear capacity
in kips.
Suc = Shear Capacity of Headed

Anchor in kips.
Afc = Area of full cone

Apc = Area of partial cone




lable 17. Single Reduction Values To Shear Capacity For
Various Edge Distances In 145 pcf Normal Weight Concrete
f’c = 3000 psi

Reduction To Shear
Capacity (Kips)
Distance From Center Of
Shear 2 Anchor To Free Edge

Anchor Radiust,  Afc Capacity In Inches (DE)
Size (In.) (5q. In.) Kips 05 10 15 20
VX2 05 2.4 2.22 0 0 0 0
Vo x 4Y 0.5 24 2.22 0 0 0 0
iy x4y 075 . 55 4.98 209 0 0 0
Y x B 0.75 55 498 209 o0 0 0
hx 2% 1.00 9.7 8.87 4.27 0 0 0
Vo %X 3 1.00 2197 8.87 427 0 0 0
Yo X 415 1.00 9.7 8.87 427 0 0 0
15 X 5% 1.00 9.7 8.87 427 0 0 0
Yo X Bl 1.00 9.7 8.87 427 0 0 0
Y2 X BV 1.00 9.7 8.87 427 0 0 0
%5x2Ws 125 15.2 13.89 - 504 0 0
55 X 6%, 1.25 15.2 13.89 — 504 0 0
5 X 8%, 1.25 15.2 13.89 - 504 0 0
Yy % 3% 1.50 20.9 19.99 — 778 0 0
FaXx 3 1.50 20.9 19.99 — 778 0 0
3y x 4%, 1.50 20.9 19.99 — 778 0 0
3, x 5%, 1.50 20.9 19.99 — 7.78 0 0
3, X 6% 1.50 20.9 19.99 — 778 0 0
3 X T3¢ 1.50 209 19.99 — 778 0 0
3a x 834 1.50 20.9 19.99 — 778 0 0
TsXx3Me 175 28.0 27.19 — 1142 806 0
Tg X 4% 175 28.0 27.19 — 1142 808 0
T8 X 53g 1.75 28.0 27.19 — 1142 806 0
Ta X 634 1.75 28.0 27.19 — 1142 806 0
B X T¥s 1.75 28.0 27.19 — 1142 806 0
g X B3 1.5 28.0 27.19 — 1142 806 0

Notes: 1. Radius Or R From Table 16.. Section 5.2.
2. Shear Capacity Suc Or Sue From Table 15., Section 5.1.

Table 18. Single Reduction Values To Shear Capacity For
Various Edge Distances In 145 pcf Normal Weight Concrete
f'c = 4000 psi

Reduction To Shear
Capacity (Kips)
Distance From Center Of
Shear 2. Anchor To Free Edge

Anchor  Radius'l.,' Afc Capacity In Inches (De)
Size (In.)  (Sq.In.) (Kips) 05 10 15 20
Ya X 215 05 2.4 2.59 0 0 0 0
Yax 4% 0.5 2.4 2,59 0 0 0 0
Jg x4l 0.75 55 5.79 243 0 0 0
Y x 61 0.75 55 5.79 243 0 0 0
s X 21 1.00 9.7 10.33 497 0 0 0
Y x 3 1.00 9.7 10.33 497 0 0 0
Yo X 41 1.00 9.7 10.33 497 0 0 0
o X 5% 1.00 9.7 10.33 497 0 0 0
o X B4 1.00 9.7 10.33 497 0 0 0
a X 8 1.00 9.7 10.33 497 0 0 0
S5 % 21, 1.25 15.2 16.19 — 566 0 0
55 X 69 1.25 15:2 16.19 — 566 0 0
55 X 8%, 1.25 15.2 16.19 — 566 0 0
3, % 3%, 1.50 209 2330 — 9.06 0 0
Yy x 3, 1.50 20.9 23.30 — 908 0 0
3, x 4%, 1.50 20.9 23.30 — 9086 0 0
3y % 5% 1.50 209 23.30 — 906 0 0
3, X 6 1.50 20.9 23.30 — 906 0 0
3, X 79, 1.50 20.9 23.30 — 906 0 0
Ty X B, 1.50 209 23.30 — 906 0 0
Ta X3 175 28.0 31.69 — 1330 933 0
Ta X 43, 175 28.0 31.69 — 1330 939 0
T8 X 5% 1.75 28.0 31.69 — 1330 939 ¢
Ta X B3y 175 28.0 31.69 — 1330 939 0
Ta X T 1.75 28.0 31.69 — 1330 939 0
s X 8% 175 28.0 31.69 — 1330 939 o0

Notes: 1. Radius Or R From Table 16 . Section 5 2.
2. Shear Capacity Suc Or Sue From Table 15, Section 5 1
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table 19. Single Reduction Values To Shear Capacity For
Various Edge Distances In 145 pcf Normal Weight Concrete
f’c = 5000 psi

Reduction To Shear
Capacity (Kips)
Distance From Center of
Shear 2 Anchor To Free Edge

Anchor Radius',)  Afe Capacity In Inches (De)
Size {In)  (sq.In.) (Kips) 05 10 15 29
Yax2%s 05 2.4 2.65 0 0 0 0
Yo x 4% 05 24 2.65 0 0 0 0
¥a X 41 0.75 . 55 596 250 o 0 0
Y x 6% 0.75 5.5 5.96 250 o0 0 0
Yo x 2V 1.00 9.7 10.60 510 o 0 -0
Yax 3% 1.00 9.7 10.60 510 o 0 0
Yo X 4 1.00 9.7 10.60 510 0 0 0
Y2 X 5% 1.00 9.7 10.60 510 0 0 0
Y2 x 6% 1.00 9.7 10.60 510 o 0 0
Yo x 8 1.00 9.7 1060 510 o 0 0
%BX2'e 125 15.2 16.56 — 580 ¢ 0
%x6% 125 15.2 1856 — 580 o 0
% X 8% 1.25 15.2 16.56 — 580 o0 0
¥ x 3%, 1.50 20.9 23.86 — 828 ¢ 0
fax3Mys 150 209 23.86 — 9828 ¢ 0
Y x 43 1.50 209 23.86 — 9828 ¢ 0
¥ x 5%, 1.50 20.9 23.86 — 828 o 0
¥y x B34 1.50 209 23.88 — 928 ¢ 0
Ya X T 1.50 20.9 23.86 — 828 ¢ 0
Ya x 8% 1.50 209 23.86 — 928 o 0
Tgx3'%s 175 28.0 32.47 — 13564 981 0
g X 4% 1.75 28.0 32.47 — 1364 981 0
78 % 5%, 1.75 28.0 32.47 — 1384 981 o
g X 6% 1.75 28.0 32.47 — 1364 951 0
T8 X T3g 1.75 28.0 32.47 — 1364 981 ¢
T3 X 8% 1.75 28.0 32.47 — 1364 981 ¢

Notes: 1. Radius Or R From Table 16, Section 5.2.
2..Shear Capacity Suc Or Sue From Table 15, Section 5.1,

Table 20. Single Reduction Values To Shear Capacity For
Various Edge Distances In 110 pcft Lightweight Concrete
f'c = 3000 psi

Reduction To Shear
Capacity (Kips)
Distance From Center Of
Shear 2 Anchor To Free Edge

Anchor Radius'1, Afc Capacity In Inches (De)
Size {In)  (sq.In) (Kips) 05 10 15 2p
Yax2s 0.5 2.4 1.85 0 0 0 0
Vax 4l 0.5 2.4 1.85 0 0 0 0
g x4y, 0.75 55 4.14 1.74 0 0 0
3 x 615 0.75 55 4.14 174 0 0 0
Vs X 214 1.00 9.7 7.39 355 0 0 0
Vs X 374 1.00 97 7.39 355 0 0 0
Yo x 4, 1.00 9.7 7.39 355 0 0 0
Vo X 5% 1.00 9.7 7.39 355 0 0 0
s X B 1.00 9.7 7.39 355 0 0 0
Yo X 81 1.00 9, 7.39 355 0 0 0
%x2  1.25 15.2 11.57 — 405 o 0
5g X 6% 1.25 15.2 11.57 — 405 0 0
55 X 83 1.25 15.2 11.57 — 405 0 0
3, x 3% 1.50 20.9 16.67 — 648 0 0
Yy x 31, 1.50 209 16.67 —_ 648 0 0
3, X 4%, 1.50 20.9 16.67 — 648 0 0
3y X 5% 1.50 20.9 16.67 — 648 0 0
3, % 6%, 1.50 20.9 16.67 — 848 0 0
¥ X 73 1.50 20.9 16.67 — 648 O 0
3% 8%, 1.50 20.9 16.67 — 848 0 0
ax3s 175 28.0 22.66 — 952 671 ¢
T X 4% 175 28.0 2266 — 952 671 0
Tg X 5% 175 28.0 2266 — 952 871
Ta X 6% 175 280 2266 — 952 871 o0
s X TYg 1.75 28.0 22.66 — 952 671 0
78X 8%5 175 28.0 22.66 — 952 671 0

Notes: 1. Radius Or R From Table 16, Section 5.2
2. Shear Capacity Suc Or Sue From Tabie 15 Section 51
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fable 21. Single Reduction Values To Shear Capacity For
Various Edge Distances In 110 pctf Lightweight Concrete
f'c = 4000 psi
Reduction To Shear
Capacity (Kips)
Distance From Center Of
Shear 2. Anchor To Free Edge

Anchor Radius'’.' Afc Capacity In Inches (De)
Size {In)  (Sqg.In) (Kips) 05 10 15 20
Yax 2% 05 24 2.186 0 0 0 0
Ya x 41 0.5 24 2.16 0 0 0 0
Yax 41 0.75 55 4.83 203 0 0 0
Y x Bl 075 ° 55 4.83 203 0 4] 0
Vo x 2% 1.00 9.7 8.61 414 0 0 0
Y2 x 3% 1.00 9.7 8.61 414 0 0 0
Yo X 4% 1.00 97 8.61 414 0 Q0 0
s x 5% 1.00 9.7 8.61 414 0 0 0
Yo x 67 1.00 9.7 8.61 414 0 0 0
Yo x 8 1.00 9.7 8.61 414 0 0 0
%Bx2Ms 125 15.2 13.49 — 472 0 0
% X 6% 1.25 15.2 13.49 — 472 0 0
%8 X 83 1.25 15.2 13.49 — 472 0 0
¥, x 3% 1.50 209 19.42 ~ 758 0 0
Y x3s 150 209 19.42 — 7585 0 0
Yy x 434 1.50 209 19.42 — 755 0 0
3 X 53¢ 1.50 20.9 19.42 — 755 0 0
Fg X 6% 1.50 209 19.42 — 755 0 0
Y X THe 1.50 209 19.42 — TB5 0 0
Y x B3 1.50 20.9 19.42 — 755 0 0
X3 175 28.0 26.41 — 1108 782 0
g X 434 1.75 28.0 26.41 — 11.09 782 0
75 X 53 1.75 28.0 26.41 — 1109 782 0
g X 6345 1.75 28.0 26.41 — 1109 782 0
T x Tg 175 28.0 26.41 — 1109 782 o0
Tg X BYg 1.75 28.0 26.41 — 1.09 782 0

Notes: 1. Radius Or R From Table 16., Section 5.2.
2. Shear Capacity Suc or Sue From Table 15., Section 5.1.

Table 22, Single Reduction Values To Shear Capacity For
Various Edge Distances In 110 pcf Lightweight Concrete
f'c = 5000 psi

Reduction To Shear
Capacity (Kips)
Distance From Center Of
Shear 2, Anchor To Free Edge

Anchor Radius''.' Afc Capacity In Inches (De)
Size (In.) (Sq.In) Kips 05 10 15 20
Yax2 0.5 24 241 0 0 0 o
ax4lg 0.5 24 241 0 0 0 0
Ig x4y 0.75 55 541 227 0 0 0
Yy x 615 0.75 55 541 227 O 0 0
Y2 X 275 1.00 97 964 464 O 0 0
"2 x 37 1.00 97 964 464 O 0 9
2 x 414 1.00 9.7 964 44 0 0 0
Vo X 5% 1.00 8.7 964 464 O 0 0
1o x By 1.00 97 964 464 O 0 0
Yo X 81 1.00 97 964 464 O 0 0
% X 2", 1.25 15.2 15.10 = 529 0 0
g X 6% 1.25 15.2 15.10 — 529 0 0
g X B35 1.25 15.2 15.10 — 529 0 0
¥y x 3% 1.50 209 2173 — 845 O 0
3ax3"Ms 150 208 2173 — 845 O 0
Iy x 43 1.50 209 21.73 — 845 0 0
33 X 53y 1.50 209 21.73 — 845 O 0
3, X B3 1.50 209 2173 - 845 0 0
Ja X T 1.50 209 21.73 — 845 0 0
3a X 83 1.50 209 2173 - 845 0 0
Bx3Ms 175 280 2955 — 1241 875 0
e X 8% 1.75 280 2955 — 1241 875 0
s X 53¢ 175 280 29.55 — 1241 875 ¢
Ta X 6%, 175 280 2955 — 1241 875 0
T8 X T¥e 175 280 2955 — 1241 875 0
T %8s 175 280 2955 — 1241 875 @

Notes: 1. Radius Or R From Table 16 Section 5.2
2 Shear Capacity Suc Or Sue From Table 15, Section 5 1
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SHEAR LoAD {kips)

In many installation cases, the placement of
anchors close to a free edge Subject to shear
forces cannot bhe avoided. Natura”y, the force
on the anchor in the direction of the free
edge causeg failure of the concrete around
the anchor at loads |egg than the full shear
Capacity (Suc) of the anchor,

Various Sources 2,101 haye Suggested that the
Capacity of an anchor under such conditions
may be Calculated ag:
Suc = ¢ (2.5 Des — 3.5)
Where:
R Suc = Reduceqd Concrete
= .85 reduction factor

Shear Capacity

McMackr‘n, Slutter ang Fishers,) found that
reduced shear Capacity in 5000 psi normal
weight Concrete g better described by the
formula:

R Suc = Suc (Des-1) < 0.9 Asfs
8 DS
(Equation 13.)
Where:

R Suc = Reduceq

(kips)
Suc = Concrete shear capacity (kips)
Des = distance shear edge (inches) to cen-
ter of styg
S = stud shank diameter (inches)
As= stug shank area (inches?)
fs = tensile strength of anchor steg|

Figure 20 shows the plotted Curves of both
' data, Equation 13.
more reliable estimate of actual

Concrete shear Capacity

30

20

10

8
FREE EDGE DISTANCE {inches)

FIGURE 20— Reduced Shear

Free

2 Wislance From Free Edge tor Fyj Developr
of Shear Capacity.

Equation 13., Section 5.3.2 must be madifj
to reflect Concrete Compressiye strength g
type as follows:

(Equation 14
Where 3| functions remain the same ang:
= Constant for concrete type
Normaj weight Concrete C= 1 g
Sand Jightweight Concrete C = g g5
Al thtweight cancrete C = g.75
fc= 28 day Concrete COmpressijve strength

PsSi
Des-1(c) /e
[—é_'ﬁ; 5__00-5 reaches

when the function
unity, the distance from the free edge Subject
to shear force ¢ i

29. show the
Capacity in kips for various distances
edge Subject to Shear force in 3, 4 ang S ksi
Concretes of Normal and thtwer’ght density,

Des

]
/ Le |
—_—

\-Eo.- Suc = © (2500 Dy - 3500)

f'c Concrete
Symbol Beam Stud Size (psi) Type
A A 4 X 45, T s NWT
10 12 [ ] B 4" x 43, 4900 NWT

L c

Capacity —
Edge Condition Subject

to Shear Force
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Table 23. Distance From A Free Edge In The Direction Of A Shear
Force Required For Full Shear Capacity Development

(Des) Distance from Center of Anchor to Free Edge
Concrete Type and Strength

Anchor Shank 3000 psi 4000 psi 5000 psi 3000 psi 4000 psi 5000 psi
Diam. (Ds.) NWT NWT NWT LWT LWT LWT

Yy Diam, 358in. 3.24in. 3.00in. 4.44in. 398 in.  3.67in.

%" Diam. 4.87 4.36 4.00 6.16 5.47 5.00
%" Diam. 6.16 5.48 5.00 7.88 6.96 6.33
%' Diam. 7.45 6.60 6.00 9.60 8.45 7.67
%" Diam, 8.74 7.72 7.00 11.42 9.94 9.00
%" Diam. 10.03 8.84 8.00 13.04 11.43 10.33

Table 24. Reduction Values To Shear Capacity For
Various Edge Distances For Anchors Subject to Free Edge Shear Force
f'c = 3000, Normal Weight Concrete

Reduction to Shear Capacity (Kips)

Shear 1.

Anchor Capacity Distance from Center of Anchor To Free Edge (Des) in Inches

Size Kips 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9.0 95 10.0
Vg X 21 222 1.79 137 094 051 .09
Va X 4% 222 179 137 094 051 .09
3 x 41 4.98 434 373 305 241 176 1.12 048
Y x B1j 4.98 434 373 305 241 176 112 048
Vo X 2% 7.48 6.76 603 531 458 3.86 3.13 241 168 0.96 0.23
Yo x 314 8.87 801 715 6.30 543 457 371 286 200 1.14 0.28
Yo x 44 8.87 801 715 630 543 457 371 286 2.00 114 0.28
Yo X 5% 8.87 801 715 630 543 457 371 286 200 1.14 0.28
Y X Bl 8.87 801 715 630 543 457 371 286 200 1.14 0.28
Yo X B 8.87 801 715 630 543 457 371 286 2.00 1.14 0.28

g X 21 1215 1121 1027 933 838 745 650 556 462 368 273 1.79 085
5% % 6% 1389 1281 11.74 1066 9.58 851 7.43 635 528 420 313 205 097
Y X 8% 13.89 1281 11.74 1066 958 851 7.43 635 5028 420 313 205 097 -
0.54

¥y x s 17.41 16.29 15.16 14.04 12.91 11.79 10.66 9.54 B8.41 7.29 617 504 392 279 167

Yo x 3's 1998 18.70 17.41 16.12 14.83 13.53 12.24 10.95 666 837 708 579 450 321 192 0.63

Yy x 43, 19.99  18.70 17.41 16.12 14.83 13.53 12.24 10.95 6.66 837 708 579 450 321 192 0.63

¥y x 5% 19.99  18.70 17.41 16.12 14.83 13.53 12.24 10.95 666 837 7.08 579 450 321 192 083

% x 6%¢ 19.99  18.70 17.41 16.12 14.83 13.53 12.24 10.95 666 837 7.08 579 450 321 192 0.63

3y X T¥s 19.99 18,70 17.41 16.12 14.83 13.53 12.24 10.95 666 837 7.08 579 450 321 192 063

%y X 8% 19.99 1870 17.41 16.12 14.83 13.53 12.24 10.95 666 837 708 579 450 321 192 0.63

8 X 3'g 24.27 2293 2159 20.24 18.90 17.56 16.21 14.87 1352 12.18 10.83 949 811 680 548 412 277 143 0.09
T % 4% 5 27.19 2568 24.18 22,67 21.17 19.66 18.16 16.60 15.15 13.64 1214 1063 913 7.62 6.12 461 3.11 160 0.10
s X 5% 2719 2568 24.18 22,67 21.17 19.66 18.16 16.69 15.15 13.64 12.14 1214 913 762 612 481 311 160 0.10
s x B3¢ 2719 2568 24.18 22.67 21.17 19.66 18.16 16.69 15.15 13.64 12.14 1214 913 762 6.12 461 3.11 160 0.10

T X 73 2719  25.68 24.18 2267 21.17 19.66 18.16 16.69 15,15 1364 12.14 1214 913 762 612 461 311 160 0.10
s X BY%5 2719 25.68 24.18 22.67 21.17 19.66 18.16 16.69 15.15 13.64 12.14 1214 913 762 612 461 3.11 160 0.10

1. Shear Capacity (Suc) from Table 15.. Section 5.1; where Suc - Sue, Sue Controls
Example: Reduced Shear Capacity of a 3% x 6';" Headed Anchor 3.0” from a shear edge in 3000 psi NWT Concrete = 498 —2.41 = 257 Kips



arelion values To Shear Capacity For Anchors
Subject To Free Edge Shear Force
f’c = 4000, Normal Weight Concrete

Reductions 1o Shear Capaclty (Kips)
Shear 1./ Distance trom Center of Anchor to Free Edge (Des) In Inches

Anchor Capacity
Size (Kips) 15 20 25 3.0 35 49 45 50 55 60 65 70 75 80 85

Ya X 2V 2.59 201 144 0gs5 0.27
Ya x4y, 2.59 201 144 0385 0.27

Vg x 41 5.79 493 407 320 234 148 081
Yo x B 5.79 493 407 320 234 148 0861

% x 21, 872 775 677 580 482 3gs 287 190 092
%x3% 1033 217 803 687 571 150 340 225 109
%x4% 1033 917 803 687 571 450 340 225 109
%2 x5%; 1033 217 803 687 571 450 340 225 19
%x6% 1033 917 803 687 571 454 340 225 109
%x8% 1033 917 803 687 571 454 340 225 1pg

%X 2'%s 1417 12.90 11.64 1037 9.10 7.84 657 5.30 4.04 277 150 024
% X 6%, 16.19 1474 13.29 1185 10.41 895 759 6.06 461 3.1g 172 0.27
% x 8% 16.19 14.74 13.29 1185 1041 895 7359 6.06 4681 31g 1.72 0.27

Yx3%s 2039 1877 1735 1984 1433 12.79 1128 g7 824 672 520 368215 04
7x3s 233 2955 1983 18.09 16.36 14.62 12:88 1115 g4y 7.68 594 421 247 75
Y%ax4%s 233 21.56 19.83 18,09 16,36 14 po 1288 1115 941 7568 504 421247 073
Yox5%; 233 21.56 19.83 18.09 16.35 14 5o 1288 1115 941 7068 594 4.21 247 073
% x6%s 233 21.56 19.83 18.09 16.36 14 go 1288 11.15 941 7568 594 421247 073
JXThe 233 2155 1083 18.09 16.36 14.62 12,88 1115 941 768 594 421 247 (73
% x8%; 233 21.56 19.83 18.09 16.36 1455 1288 1115 941 7068 504 421247 073

Tax3%g 2808 26.47 2467 2286 21.06 19.25 17,44 15.64 13.83 12.02 10.22 8.42 8.61 4.80 3.00 1.19
% X 4% 31.69 29.67 27.64 2562 23.60 21.57 19.55 17.53 1551 1348 1145 943 749 5.38 3.36 1.34
78 x 5% 31.69 29.67 27.64 2562 23.60 2157 19.55 17.53 15.51 13.48 11,45 943 7.41 538 3.36 1.34
Ta % 6% 31.69 29.67 27.64 2562 23.60 21.57 19.55 17.53 15.51 13.48 11.45 943 7.41 588 3.36 1.34
T8 X T%g 31.69 29.67 2784 2562 23.60 2157 19.55 17.53 1551 13.48 11,45 943 741 5.88 3.36 1.34
g X 83 3169 29.87 2784 2562 23.60 21.57 1955 17.53 15.51 13.48 11.45 943 741 5.38 3.36 1.34

Notes: 1. Shear Capacity (Suc) from Table 15.. Section 5.1: Where Suc > Sue, Sue Controls.

Shear 1 Reduction To Shear Capacity (Kips)

ear 1,

Anchor Capacity Distance From Center Of Anchor To Free Edge (Des) In Inches
Size (Kips) 1.5 20 25 3.0 35 g4p 45 50 55 60 65 79 7.5

Updk 20 265 199 132 0as
Ve X A1y 265 199 132 (ogg

x4, 2% 497 397 298 199 099

X6, 596 497 397 298 199 0.99

2 X 2%y 975 8.53 731 6.09 487 366 244 122

V2 X 3% 1060927 795 682 530 309 285 132
2 x 41, 1080927 795 662 530 397 265 132
SX5%. 1080 927 795 ges 530 397 265 139
X6, 1080 927 795 662 5ap 39y 265 132

5 X 8l 10.60 927 795 g2 530 397 265 132

Yo X2, 1586 1427 1269 1110 o952 793 ga4 476 317 159

% X 69, 1656 14.90 13.25 11 59 994 8pg 682 497 334 1.66

5% % 83, 1656 14.90 1325 1153 g4 828 ga2 497 331 166

*x 33,4 2282 2092 19.02 1712 15 29 13.31 1149 951 781 5 70 380 190

g g L 2386 2187 19.88 17 89 15 g4 13.92 1193 994 795 5 9 398 199

Yixd3,. 2386 2187 19.88 17 89 15.91 13.92 1193 994 795 596 393 1 99

Ya % 5%, 2386 2187 19.88 17 89 15.91 13.92 11 93 994 7o5 596 398 1 99

e X B3, 2386 2187 19.88 17.89 1591 13.92 1103 994 795 596 398 1.99

P XT3, 2386 2187 19.88 1789 15 91 1392 1193 994 795 596 308 199

x84y, 2386 2187 19.88 1789 15 g4 1392 1103 994 795 596 3098 199

Tgx3n 3165 2939 27.13 24 87 2261 20.35 18 pa 1582 1356 11 3p 904 678 4592 2.26 r
B 43, 3247 3015 27 83 2551 2319 2087 1855 1623 1392 14 60 928 @ 96 464 o032 f
g X 53, 3247 3015 2783 2551 23 19 20.87 1855 1623 1392 19 60 928 pags 464 230

X6, 3247 3015 27.83 25 51 2319 2087 18.55 16 23 1392 11 60 928 696 464 232

g X T3, 3247 3015 2783 2551 23 19 2087 1855 1623 1392 1160 928 696 464 232

aX 84, 3247 3015 27.83 25 59 2319 2087 18 55 16 23 1392 1160 928 698 464 232
Notes 1 Shea; Capacity (Suc) From Table 15 Section 5 1 Where Suc Sue, Sye Controls
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Table 27. Reduction Valu

Anchors Subject To

es To Shear Capacity For
Free Edge Shear Force

Table 28. Reduction Values To
Subject To Free E

f'c = 4000, Lightweight

Reduction To Shear Capacity (Kips)

1

o gg::rc“;' Distance From Center Of Anchor To Free Edge (Des) In Inches

Size {Kips) 15 20 25 a3p 35 40 45 50 55 60 65 70 75 80 85 90 9.5 10.0 105 11.0
Ve X 25 2.16 180 144 107 071 0.35
Ve x g 216 180 144 107 071 a5
g x4l 483 428 375 321 267 213 159 105 051
ax 6l 483 429 375 321 267 213 159 105 0ot
2 x2% 7.26 665 604 543 483 422 361 300 239 1.78 117 056
Yax 3% 861 789 717 644 572 500 428 355 283 211 139 087
Yaxdly 8.61 789 717 644 572 500 428 355 283 211 139 067
Y2 % 5% 861 789 717 644 572 500 428 355 283 211 139 067
T2 %6 861 789 717 644 572 500 428 355 283 211 139 D67
T2 X 8B 8.61 789 717 644 572 500 428 355 283 211 133 067
S5 X 21 11.80 1101 10.22 943 863 784 705 628 547 467 388 309 230 151 o072
S5 X 6% 1349 12.58 11.67 10.77 987 896 806 7.15 625 534 444 353 263 172 082
55 x 8%, 1349 1258 1167 10.77 987 896 808 715 625 534 444 353 263 172 082
X 3%, 16.99  16.04 1509 14.14 13.19 12.24 11.29 1034 939 844 7.49 654 559 464 369 274 179 0.84
V%3 19.42 1833 17.25 16.06 1508 13.99 12.90 1182 1073 965 856 747 539 530 422 313 205 096
3y X 4%g 1942 18.33 17.25 16.06 15.08 13.99 12.90 1182 10.73 965 B56 747 639 530 422 313 205 0.96
3 x 5% 19.42 1833 17.25 16.06 15.08 13.99 12.90 1182 10.73 965 856 747 639 530 422 313 205 096
Y x 63 19.42  18.33 17.25 16.06 15.08 13.99 12.90 11.82 1073 965 856 7.47 6.39 530 422 313 205 096
3, X T¥He 19.42  18.33 17.25 16.06 15.08 13.99 12.90 11.82 10.73 965 856 747 639 530 422 313 205 0.96
3y X 8% 19.42 1833 17.25 16.06 15.08 13.99 12.90 11.82 10.73 965 856 747 6.39 530 4.22 313 205 0.96
Ta X 3Me 2357 22.44 21.31 20.18 19.05 17.92 16.79 15.66 14.53 13.40 12,27 1114 10.01 888 7.75 662 540 437 324 211 0.98
Tp X 4%, 26.41  25.14 23.88 22,61 21.35 20.08 18.82 17.55 16.28 15.02 13.75 12.49 11 22 995 869 742 616 489 383 235 109
"a X 5%4 26.41 25.14 23.88 22.61 21.35 20.08 18.82 17.55 16.28 15.02 13.75 12,49 11.22 995 B69 742 516 489 363 236 109
Tg % BY%g 2641 2514 23.88 22,61 21 35 20.08 18.82 17.55 16.28 15.02 13.75 12.49 1122 995 869 742 616 489 363 235 1 09
Ta X THe 2641 2514 2388 2261 21 35 20.08 18.82 17.35 16.28 15.02 13.75 12.49 11.22 995 869 7.42 6.16 489 363 236 1.09
s X B¥g 2641 2514 2388 2261 2135 20.08 18.82 1755 16.28 1502 13.75 12.49 11 22 995 869 742 6.16 489 363 236 1 09

Notes 1 Shear Capacity (Suc) From Table 15., Section 5.1.

. Where Suc - Sue, Sue Controls
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Shear Capacity For Anchors
dge Shear Force

f’c = 3000, Lightweight
Reduction To Shear Capacity (Kips)
Shear 1. .

Anchor  Capacity Distance From Center Of Anchor To Free Edge (Des) in Inches

Size {Kips) 1.5 20 25 3o 35 40 45 59 55 6.0 65 7.0 7.5 B0 85 90 g5 10.0 105 11.0 115 120 125 130
bR e 185 158 131 704 078 051 024

g xdly 185 158 131 104 078 051 024

y X4 414 374 334 204 254 244 174 134 goq 053 013

aX 6% 414 374 334 294 254 214 174 134 Qo4 053 13

W 624 579 533 488 443 397 352 307 261 216 171 126 080 035

x 3l 739 685 632 578 524 471 417 363 310 256 202 149 095 a4

x4'y 739 685 632 578 524 47 417 363 310 256 202 149 095 pay

X 55y 739 685 632 578 524 471 417 363 3.10 256 202 149 095 041
1L xBly 739 685 632 578 524 471 417 363 310 256 202 149 Qg5 0.41
', xB% 739 685 632 578 524 471 417 363 310 256 202 149 Qos 041

ax 2 10.12 953 894 836 777 718 659 600 542 483 424 365 308 248 189 130 071 013

'p X 6%, 1157 10980 1023 955 gss 821 754 686 619 552 485 418 350 283 216 149 081 014
g x B 11.57. 1090 1023 955 ggg 821 754 686 619 552 485 418 350 283 216 149 081 014

ta X 3% 14.59 13.88 13.18 1247 1176 1106 1035 965 894 823 753 682 6.11 541 470 399 320 258 187 117 046

$ X35 16 67 1586 1506 1425 13 44 1263 1183 1102 1021 941 860 779 6598 §.18 537 45 376 205 214 133 053

P & SIS 16.67 1586 1506 14.25 13 44 1263 1183 1102 1021 9.41 860 79 698 618 537 458 376 295 214 133 053
3y x 53¢ 16.67 1586 15.06 14 25 13 44 1263 1183 1102 1021 941 860 779 poas 6.18 537 456 376 295 214 133 053

14 %X 63,5 16.67 1586 1506 14.25 13 44 1263 1183 1102 1021 941 860 779 698 618 537 456 376 295 214 133 053

DX T 1667 1586 15.06 1425 1344 1263 1183 11 02 1021 941 880 779 698 6.18 537 456 376 295 214 133 053
3 x 8%, 16 .67 1586 1506 1425 1344 1283 1183 1102 1021 941 860 779 698 6.18 537 456 376 295 214 133 053

aX 3" 2022 19.38 1854 1770 1686 1602 1519 1435 1351 1267 1183 1099 1015 931 847 7863 679 595 512 428 344 260 176 092 008
Ty x4, 22 66 2172 2078 1984 1890 1796 1702 1608 1514 1420 1326 1232 1138 1043 949 855 762 667 573 a79 385 291 197 103 009
8% 5¥g 2266 2172 2078 1984 1890 17 96 1702 16.08 1514 14.20 13.26 1232 1138 1043 949 855 762 667 573 479 385 201 197 103 009
Ta X 63, 2266 2172 2078 1984 1890 17.96 1702 1608 1514 14.20 13.26 1232 1138 1043 949 855 762 667 573 479 385 201 197 103 009
Tax T3 22 66 2172 20.78 1984 1890 1796 17 02 1608 15.14 14.20 13.26 1232 11.38 1043 949 855 762 667 572 479 385 291 197 103 009
Tax B 22 686 21.72 2078 19.84 18 90 1796 1702 1608 1514 14,20 13.26 1232 1138 1043 949 855 762 667 573 479 385 291 197 103 009
Notes 1 Shear Capacity (Suc) From Table 15 Section 51 Where Suc Sue, Sue Controls



HLHors supject

10 Free Edge Shear Force

f'c = 5000, Lightweight

Shear 1,

Anchor Capacity

Size (Kips) 15 20 25 30 35 49
X2 241 196 159 105 060 015

2 X4, 241 196 159 105 060 015
te x 41, 541 473 406 338 271 203 1135
Ya X Bl 541 473 406 33g 271 203 135
Yo% 2% 813 737 661 584 508 432 3sg
2 X3 964 874 783 go3 602 512 499
cx 4y 964 874 783 go3 602 512 420
Y2 X 5% 964 874 783 gag 602 512 497
T2 X BY 984 874 783 go3 602 512 439
'ax 8% 964 874 783 go3 602 512 42p
aX 2", 13.21 1222 1123 1024 925 826 727
8 x 6% 1510 1397 1283 1170 1057 944 8.30
5 X 8%, 1510 1397 1283 1170 1057 guq4 830
X 3%, 19.01 17.82 16 63 1545 14.26 1307 1198
X3 2173 20.37 1901 17 65 1630 14.94 1354
Iy x4y, 2173 2037 1901 17.66 1630 14.94 13.58
s X 5%, 2173 2037 1901 1766 16.30 14.04 13 58
EELE 2173 2037 1904 1766 1630 14.94 1358
Y x 79, 2173 2037 1901 17.66 16.30 14 94 1358
Iy X BYg 2173 2037 1901 1766 16.30 14 94 13.58
8x 3" 2637 24.96 2354 2713 2072 1931 17 gg
3% 4%, 2955 2797 2533 24.80 2322 21 g3 20 05
8% 5%, 2955 2797 253 2480 2322 213 20.05
Ta X B, 2955 2797 2533 24.80 2322 2153 2005
TaX 73 2955 2797 25 38 24.80 23 22 54 63 2005
8% 8%, 2955 2797 28 38 2480 2320 21.83 2005

Notes 1 Shear Capacity (Suc,

5.34 Spacing Between Anchors
Subject to Shear Force,

From Table 15 Section 5 1

at A Free Edge

K

FIGURE 21—

3,

4 X 43"
to Pure Shear, g Fro

Reduction To Shear Capacity (Kips)
Distance From Center Of Anchor To Free

068
068

279
331
33
33
3.31
331

6827
717
717

10.69
12.22
1222
12.22
12.22
12.22
12,22

16.48
18.47

203
241
24
2.41
241
241

5.28
6.04
6.04

951
10.87
10.87
16.87
10.87
10.87
10.87

15.07

127
151
1.51
151
1.51
1.51

429
4.91
4.9

8.32
9.51
9.51
9.51
9.51
9.51
9.51

13.66
16.89 1530
18.47 16.89 15.30
18.47 16.89 15.3p 372 1214
18.47 16.89 1530 13.72 12,14
1847 16.89 15.30 1372 1214

Where Sy¢ - Sue, Sue Controls

051
060
060
060
0.60
060

330
3.77
377

713
8.15
8.15
8.15
8.15
815
815

1224
1372
13.72 12.14

231
264
264

594
679
679
6.79
679
679
6.79

1083
1214

132
1.51
151

475
543
5.43
543
543
543
543

942
10.55
10.55 897
1055 397 7 39
10.55 897 739
10.55 897 7 39

033
038
038

356
407
407
407
407
407
407

801
897

238
272
272
2,72
272
272
272

659
7.39
739

119
136
1.36
1.36
136
1.36
136
518 377
580 492
580 a2z
580 422
580 422
580 a2z

235
264
264
264

094
106
106
106
108
1.06

i,

2
264

be placed closer to the edge than the distance
indicated, he shear Capacity s reduced by
n Tables 24 through 27.

below, shows a typical concrete
e for an anchor with an edge 1
an required for fy; Capacity

amounts shown |

0

- |
-

. ‘:"i “\:,
N N o
and A2-g@,
Ors, Subject
m Free

Anch

Edge.
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Note that the failure geometry remains rough-
ly conical in nature. The surface area of the
failure approximates an isosceles triangle, so
that the spacing needed between headed
anchors along a free edge is equal to twice
the depth of embedment of the anchor.

Figure 22. shows the geometrical relationship
for headed anchors with insufficient edge
distance to develop full shear capacity.

Accordingly, the spacing between .headed
anchors at a free edge subject to shear force
may be described as: p D

Shear Edge Stud Spacing = ZLDES + -2-5_)

where:

Des = Distance from free edge to center
of anchor in inches

Ds = Stud diameter in inches

Table 30. which follows shows the required
spacing between anchors placed at a free
edge so that their full potential shear capa-
city may be obtained.

\Mmes + Dg/2)

FIGURE 22.—Geometry of Free Edge Shear
Failure.

Table 30. Spacing Required Between Headed Anchors At A Free
Edge For Development Of Potential Shear Capacity
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@

S

£ Center-to-Center Spacing of Anchors In Inches
c Anchor Diameter (Ds)

—_ 1/ %" %" %" %" "
-4 15 325 338 350 362 375 388
] 20 425 4.38 4,50 462 4.75 4.88
v 25 525 538 550 562 575 5.88
g,-‘, 30 6.25 6.38 6.50 6.62 6.75 6.88
- 35 725 7.38 7.50 7.62 7.75 7.88
7] 40 825 8.38 8.50 8.62 8.75 8.88
) 45 9.38 9.50 9.62 9.75 9.88
@ 50 10.38 1050 1062 10.75 10.88
w 55 1138 1150 1162 1175 1188
o 60 1238 1250 1262 1275 1288
= 6.5 13.50 1362 1375 13.88
- 7.0 1450 1462 1475 1488
_g 7.5 1550 1562 1575 1588
T} 8.0 16.62 16.75 16.88
c 85 1762 1775 17.88
g 9.0 1862 1875 18.88
— 95 19.62 1975 19.88
o 100 2075 2088
- 10.5 2175 2188
- 11.0 2275 2288
S 15 23.88
(] 12.0 2488
£ 125 25.88
c 130 26.88
T

™

[}}

3]

c

)

0

&)



L oSeen i shear Capacity Due to Free
Edge Spacing.

From Tahle 30 Section 53.4, it becomes
obvious that the spacings between anchors

In most applications, the anchors are Spaced
more closely together than required by the
free edge, shear force condition. Accordingly,
a reduction to the shear capacity must be
taken. This reduction is directly proportional
to the reduction in surface area.

Figure 23. & 24. shows typical reductions to
free edge shear capacity.

\{Ds/zl

2

FIGURE 23.—S8ingle Reduction to Free Edge
Shear Spacing.

2 {Dgs + Dg/2)

FIGURE 24— Double Reduction to Free
Edge Shear Spacing.
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There can he d maximum of two reductionsg
o free edge shear capacity The reduction to
free edge shear Capacity may be expressed
as:

. _ 05%2
R Suc = Suc SuC{}—DeS‘ F Dsfg)f_jN

(Equation 15.)

where:

R Suc = Reduced shear capacity, kips

Suc = Free edge shear capacity, kips from
Tables 24. through 29.

X = Distance reduced from fyll center-to-
center spacing, inches.

Deg = Distance from shear edge to center
of stud, inches

Ds = Diameter of stud shank, inches

N = Number of reductions (one or two)

When headed anchors are placed close

FIGURE 25.—Reduced Shear Capacity at
Free Edge Due to Cone
Overlap.

EXAMPLE: Determine the shear capacity of
an embedment plate with four (4) % x 614
headed anchors attached, anchors spaced on
4" centers, 3" from free edge and sides of
concrete member. Concrete Compressive
strength: 4000 pPsSi normal weight. No sub-
reinforcement used.




FIGURE 26. — Top View

STEEL PLATE

I

P
&
0.
Sl
R
FIGURE 27. — Front View.
STEP 1. Full shear capacity per anchor

Table 15. 4000 psi N.W. concrete

10.33 kips/anchor
4 anchors
41.32 kips

STEP 2. Spacing required between anchors
Table 16. Spacing required = 2R

R=1.0
-
2.0" (4.0" Actual)
(No overlap condition exists)

No Reduction
35

§

center  of
subject to

STEP 3. Distance required  from
anchor to free edge
shear force.

Table 23. 5.48" required, 3.0" actual, reduc-
tion necessary.

Table 25. Reduction for 3" edge distance
=5.71 kips/anchor,

Total reduction =4 x 5.71 = 22.84 kips

STEP 4. Spacing between anchors along
a free edge subject to shear force.

Table 30. Required spacing = 6.50”, actual
spacing — 4.0.

A. Anchors, spacing to side of member — 37,
required = 6.50 or 3.25
2

X reduction = 0.25" one side.
Spacing to adjacent anchor =
quired = 6.50”, reduction X =
6.50 —4.00 = 1.25"

2

4.00”, re-

B. Anchors, 2 reductions, X = 1.25”.

Calculation: Equation 15., Amount of reduction

0.5 (.25)z
A. Anchors, 10.33 Eﬁ(T'L%P :

2
toas 45029

794 kips/A. Anchor

0.5 (1.25)2 _

B. Anchors, 10.33 m-;—?

0.5 (1.25)/, _
1529 (3.0 +.25)2

1.53 kips/B. Anchor
Total Reduction 2 x .794 = 1.588
2x 153 =306
4.548

STEP 5. Total Capacity of Connection

Full Capacity 41.32 kips
Step 2. Reduction 0 kips
Step 3. Reduction -22.84 kips
Step 4. Reduction -4.65 kips
Capacity = 13.83 13.83 kips
Allowable load =— 5 = 6.92 kips

Failure mode predicted: Concrete. The need
for sub-reinforcement at the free edge to
increase connection capacity is indicated to
prevent failure.

This connection should also be calculated
using the anchors as a group. For a typical
example of a group calculation see example
problem No. 2., Section 7.

Recommendation: Add edge reinforcement.
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EMBEDMENT PROPERTIES OF
ANCHORS — COMBINED SHEAR —
TENSION LOADING.

In many cases, headed anchors embedded in
concrete are subject to combined shear and
tension forges. These loadings may be de-
liberately applied or may be the result of a
resolution of forces acting upon the anchors,

As is evident from the preceeding sections of
this publication, the i
tension are the most critical and wij control
the insert plate design in
bined loading.

One of the prime objectives of the Lehigh
report®.) was the determination of anchor
performanpe when subject to combined load-

loadings
in pure shear, pure tension, 30° shear-ten-

sion and 60° shear-tension.

All of the anchors tested exhibited excellent
ductility pr ' i

the concrete.
typical specimen ductility.

The test results are summarized in Table 31.

FIGURE 28.—Beam c

Partial Embedment Specimen, Combined
Loading at 60°, Normal Weight Concrete.

Table 31, Combined Loading Test Results

Symbol Beam Stud Size Concrete Type 1

A A Yax7 Normal Weight
A A Y x7 Normal Weight
A A Yax7 Normal Weight
A A Yx7 Normai Weight
A A Yax7 Normal Weight
A A Yax7 Normal Weight
A A Yex7 Normal Weight
A A Yx7 Normal Weight
L] B %Wx8 Normal Weight
L] B Tax8 Normal Weight
L] B Tax 8 Normal Weight
A D Yex7 All Lightweight
A D Yax7 All Lightweight
A D Y x7 All Lightweight
o D Yx8 All Lightweight
o D ¥ x8 All Lightweight
a D Y x8 All Lightweight
o D Y. x8 All Lightweight
a D Y x8 All Lightweight
o D % x8 All Lightweight
u B Yix4 Normal Weight
L] B Yyx 4 Normal Weight
u B Vx4 Normai Weight
L] B Yaxd Normal Weight
a B Yx4 Normal Weight
L] B Yax4 Normal Weight
L] C Y x4 Normai Weight
° C Vx4 Normal Weight
L] C Yy x4 Normal Weight
® C Yyxd Normal Weight
L] o] Yex 4 Normal Weight
. C Yex4 Normal Weight
¢ c Yaxd Normal Weight
. C Y x4 Normai Weight
® e Yex 4 Normal Weight

5270
5270
5270
5270
5270
5270
5270
5270
4900
4500
4900

5300
5300
5300
5300
5300
5300
5300
5300
5300

4900
4900
4900
4900
4900
4900
5180
5180
5180
5180
5180
5180
5180
5180
5180
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Type of Loading
¢ (psl) Pure Tenslon = o

Failure
Mode

Ultimate Load (Kips)
Tension Shear

Tension 28.3 Stud
Tension 285 Stud
Tension 28.0 Stud
Combined 3p° 23.7 13.6 Stud
Combined 30° 237 13.75 Stud
Combined 60° 129 213 Stud
Combined 60° 4.7 21.2 Stud
Combined 60° 134 236 Stud
Tension 43.0 Concrete
Combined 30° 330 19.5 Stud
Combined g0° 178 30.6 Stud
Tension 28.7 Stud
Combined 30° 25.6 15.4 Concrete
Combined 60° 10.8 19.4 Stud
Tension 30.1 Concrete
Tension 315 Concrete
Combined 30° 2186 12.4 Stud
Combined 30° 19.8 1.8 Concrete
Combined 60° 126 220 Stud
Combined 60° 133 23.6 Concrete
Combined 30° 17.7 10.8 Concrete
Combined 30° 17.6 10.8 Concrete
Combined 3p° 17.4 10.6 Concrete
Combined 60° 12.6 228 Stud
Combined 60° 104 184 Concrete
Combined 60° 10.0 18.0 Concrete
Tension 185 Concrete
Tension 185 Concrete
Tension 7.3 Concrete
Combined 30° 138 84 Concrete
Combined 30° 15.5 96 Concrete
Combined ag° 16.4 EXG Concrete
Combined 60° 126 222 Stud
Combined 60° 13.0 236 Concrete
Combined 60° 120 212 Stud




Pure shear force loadings were taken from a
previous report by Ollgaard, Slutter and
Fisher.'9.) Both concrete and anchors had
comparable properties to those used in this
study.

The formulae found to provide the best fit for
the test data are:

Full Embediment
F’u//i\S 5/3 + Su/AS) 5/3=1
P'u/As

S'u/As
where:

Pu = Applied tension load

Su = Applied shear load

P'u = Tensile capacity of the anchor =

sfs (Area x tensile strength)

S'u = Shear capacity of the anchor
6.6 x 103 Ag f' 0.3 Eco.44
< Sue

where:

Ag = area of the headed anchor

f'c = 28 day concrete compressive strength,
Psi

E¢ = concrete modulus of elasticity, psi

1004

80- 30°

TENSION LOAD/A (ksi)

Partial Embedment

Pu 5/3 (SU )5/‘3

= L o ot

pUc. S'u

where: Pu and Su have been defined ahove
and Puc = ultimate concrete tension capa-
city, kips and Suc = shear capacity kips.

Puc =C Afc'\/ f'c =

0.55 CLe (Le + Dh) Ve <Py
(See Equation 5.)

Curves derived from the formulae and plotted
against test data are shown in Figure 29

Essentially, the curves show that the formu-
lae for full and partial embedment provide a
reasonable fit to the test data.

Providing a better design relationship to the
curves shown in Figure 29., a reduction factor
for ultimate strength design of 0.9 for full
embedment anchors and 0.85 for partial em-
bedment anchors yields the following design
formulae and design curves.

60 °

v NORMAL WEIGHT FULL EMBEDMENT
NORMAL WEIGHT PARTIAL EMBEDMENT
LIGHTWEIGHT FULL EMBEDMENT

1 1 L

0 20 40 60

|
80 100

SHEAR LOAD/A (ksi)

FIGURE 29.— Combined Loading — Formu-
lae Versus Test Data.



6.1

100

80

TENSION LOAD (ksi)

[=2)
o

F-3
Q

Full Embedment — Combined Loading De-
sign Data.

PU 5/3 */SU 5/3 S1

P'u \S'U
(Equation 16.)

where:

Py = Applied tension load

Sy = Applied shear load

Pu = Tensile capacity of the anchor = 0.9 Agfg

S'u = Shear Capacity of the anchor =
0.9 x 6.66 x 103 As f'c Ec0.44 £0.9 Ag fs
Terms as previously defined.

Equation 16. is the formula which provides
the best ultimate strength design under all
conditions of combined loading for full em-
bedment anchors in both normal and light-
weight concrete.

30°

NORMAL WEIGHT CONCRETE.

FULL EMBEDMENT

60°

N 1 i i . 1 L 1 ) 1

20 40 60 80 100
SHEAR LOAD {ksi)

FIGURE 30.— Interaction Design Curve.
Combined Loading of Full Embedment
Anchors in Normal Weight Concrete

100

30°
80p

(1]
=]
i

TENSION LOAD {ksi)
»
=]
T

60 °

6.2 Partial Embedment — Combined Loading De-
sign Data.

Applying an ultimate strength design reduc-
tion factor of 0.85 to the partial embedment
case, the design formula for this case may be

taken as:
Py \6/3 + Syu15/3<1
(Equation 17.)
where;

Pu = Applied tension ioad

Sy = Applied shear load

Puc = Ultimate concrete tension capacity,
Kips = 0475 C Le (Le + Dp)—VTc
<0.85 Asfs

Suc = Concrete shear capacity of the an-
chor, kips =

5.66 x 103 Ag 'c0,33 Eco 44 £0.85 Ag fg

LIGHTWEIGHT CONCRETE.
1000 FULL EMBEDMENT
o
sol 30
g
o 60l
3
s
= i 60°
o
2 aof
v}
-
20
A 1 n L i 1 1 1 i ]
0 20 40 60 80 100

SHEAR LOAD {ksi}

FIGURE 31.— Interaction Design Curve.

Combined Loading of Ful Embedment
Anchors in Lightweight Concrete

NORMAL WEIGHT CONCRETE-
PARTIAL EMBEDMENT*

*NOTE: FOR PARTIAL EMBEDMENT VALUES
IN LIGHTWEIGHT CONCRETE, REDUCE THE
NORMAL WEIGHT CONCRETE FIGURES
OBTAINED FROM THIS CURVE WITH THE
FOLLOWING C FACTORS:

ALL LIGHTWEIGHT CONCRETE C=0.75
SANDED LIGHTWEIGHT CONCRETE C=0.85

FIGURE 32.— Interaction Design Curve.

! 1
0 20 40 60
SHEAR LOAD (ksi)

80

3R

1
100




6.3 Use of Design Curves for Combined Loading Inch (KSl) as they are on the curves or con-

In order to use the design curves (figures 30., verted to actual loadings in terms of Pounds
31., and 32.), tension and shear loads should (KIPS). The following table is for conversion
either be stated in terms of kips per square purposes.

‘Table 32. Conversion Table — KSI To KIPS

KSI . KIPS
Anchor Diameter (Ds) and Area (As)
Ds = 1," Ds = 33" Ds = 15" Ds = 54" Ds = 3, Ds = 7"
Kips/Sq.In. | As=.0491 As=.1104 As =.1964 As=.3068 As=.4418 As = .,6013

2 0.10 0.22 0.39 0.61 0.88 1.20

4 0.20 0.44 0.79 1.23 1.77 2.41

6 0.29 0.66 1.18 1.84 2.65 3.61

8 0.39 0.88 1.59 245 3.53 4.81
10 0.49 1.10 1.96 3.07 442 6.01
12 0.59 1.32 2.36 3.68 5.30 7.22
14 0.69 1.58 375 4.30 6.18 8.42
16 0.78 1.77 3.14 4.91 7.07 9.62
18 0.88 1.99 3.54 5.52 7.95 10.82
20 0.98 2.21 3.93 6.14 8.84 12.03
22 1.08 2.43 4.33 6.75 9.72 13.23
24 1.18 2.65 4.71 7.36 10.60 14.43
26 1.27 2.87 5.11 7.98 11.49 15.63
28 1.37 3.09 5.50 8.59 12.37 16.84
30 1.47 3.31 5.89 9.20 13.25 18.04
32 1.57 3.53 6.28 9.82 14.14 19.24
34 1.67 3.75 6.68 10.43 15.02 20.44
36 1.76 3.97 7.07 11.04 15.90 21.65
38 1.86 4.20 7.46 11.66 16.79 22.85
40 1.96 4,42 7.86 12.27 17.67 24.05
42 206 4.64 8.25 12.89 18.56 25.25
44 2.16 4.86 8.64 13.50 19.44 26.46
46 225 5.08 9.03 14.11 20.32 27.66
48 2.35 5.30 9.43 14.73 21.21 28.86
50 245 562 9.82 15.34 22.09 30.07
52 2.55 5.74 10.21 15.95 22.97 31.27
54 265 5.95 10.60 16.56 23.86 32.47
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7.0 Example Problems

7.1

Problems showing applications involving
shear, tension and combined shear-tension
are included in this section. While back-
ground data and formulae constitute a large
portion of this publication, actual problems
may be readily solved aifter familiarization by
reference to the examples given and to im-
portant design tables and/or curves.

Index To Design Tables And De-
sign Curves. :

Tension

TABLE 4.—Design Embedded Tension Ca-
pacities of Stock Size Headed
Anchors. Pg. 10,

TABLE 6.—Spacing for Fuyl Tension Ca-
pacity Development, Pg. 12.

TABLE 7.—Partial & Full Shear Cone Areas
for Partial Embedment Anchors.
Pg. 15,

TABLES 9. through 14,

Single Reduction Values to Tension Capacity
of Embedded Anchors for Various Edge Dis-
tances by Concrete Type and Strength.

TABLE 9.— 3000 Psi Normal Weight
Concrete. Pg. 17.

TABLE 10.— 4000 Psi Normal Weight
Concrete. Pg. 17.

TABLE 11.—5000 Psi Normal Weight
Concrete. Pg. 18.

TABLE 12.— 3000 Psj All Lightweight
Concrete. Pg. 18.

TABLE 13.— 4000 Psi All Lightweight
Concrete. Pg. 19,

TABLE 14.— 5000 Psi All Lightweight
Concrete. Pg. 19.

Shear
TABLE 15.—Embedded Shear Capacities of
Stock Size Headed Anchors,
Pg. 22.

TABLE 16.—Spacing for Ful Shear Capacity
Development of Anchors. Pg. 23.

TABLES 17 through 22,

Single Reduction Values to Shear Capacity of
Embedded Anchors for Various Edge Dis-
tances by Concrete Type and Strength. (Re-
duction due to Spacing).

TABLE 17.—3000 Psj Normal Weight Con-
crete. (145 pcf density). Pg. 25,
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TABLE 18 4000 Psi Normai Weight Ceon-

crete. (145 pef density). Pg 25

TABLE 19 — 5000 Ps; Normal Weight Con-
Crete. (145 pcf density). Pg. 26,

TABLE 20.—3000 Psi Lightweight Con-
crete. (110 pef density). Pg. 26.

TABLE 21.—4000 ps;j Lightweight Con-
crete. (110 pct density). Pg. 27.
TABLE 22 —5000 psj Lightweight Con-

crete. (110 pcf density). Pg. 27.

TABLE 23— Distance from a Free Edge in
the Direction of a Shear Force
Required for Full Shear Ca-
pacity Development. Pg. 29.

TABLES 24, through 29,

Single Reduction Values to Shear Capacity
for Various Edge Distances for Anchors Sub-
ject to Free Edge Shear by Concrete Type
and Strength.

TABLE 24.—3000 Psi Normal Weight
Concrete. Pg. 29

TABLE 25.—4000 Psi Normal Weight
Concrete. Pg. 30.

TABLE 26.—5000 Psi Normal Weight
Concrete. Pg. 30.

TABLE 27.—3000 Ps;i Lightweight
Concrete. Rg..81..

TABLE 28.—4000 Ps;j Lightweight
Concrete, Pg. 31.

TABLE 29.—5000 Ps;j Lightweight
Concrete. Pg. 32.

TABLE 30.—Spacing Required between
Headed Anchors at a Free Edge
for Development of Potential
Shear Capacity. Pg. 33.

Combined Shear — Tension

FIGUF{ESO.—Design Interaction Curve for
Full Embedment Anchors in
Normal Weight Concrete. Pg. 38.

FIGURE31.—Desfgn Interaction Curve for
Full Embedment Anchors in
Lightweight Concrete. Pg. 38.

FIGURE32.——Design Interaction Curve for
Partial Embedment Anchors
in Normal Weight Concrete.
Pg. 38.

TABLE 32.— Conversion Table ksi to kips.
Pg. 39,




Problem 1.

Determine the allowable tension load for an
embedment plate with 8 anchors, spaced as

shown.

Anchors = 3," x 73"
Concrete = f'c = 4000 psi
Normal Weight

Tpu

A LSS

Anchor Capacity from Table 4 = 23.86 = Pue

Anchor Spacing Required from Table 6. =
R = 3.992"
—2
7.984" Dia.
Spacing shown exceeds requirements.

Capacity = 8 Anchors x 23.86 Kips/Anchor =
190.9 Kips

Using a load factor of 2.0
Allowable Load Pu=1909=954 Kips
2

Problem 2.

Determine the allowable tension load for a
plate similar to that in Problem 1.. with an-
chor spacing reduced as shown.

Anchors = 3" x 73"
f'c = 4000 psi
Normal weight

(ololofey
s

T
A B B A

Anchor Capacity from Table 4. = 23.86 = Pue

Anchor Spacing Required from Table 6. =
R = 3.992"
2
7.984" Call 8.00” Dia.
Spacing shown does not meet requirements.

4 Corner Anchors (Anchor A.) Have two
reductions.

4 Interior Anchors (Anchor B.) Have three
reductions.

De
(Distance to edge) = 4” center spacing= 2.00"
2

From Table 10. Reduction due to edge dis-
tance of 2.00" = 8.92 Kips.
R Puc = 4[23.86-2 (8.92)] = 24.08 Kips

+ .
4[23.86-3 (8.92) ] = -11.60 Kips
= 12.48 Kips

Allowable Load = 12.48 = §.24 Kips
7

Any group of anchors with spacing less than
or equal to the minimum shown should be
checked by a group calculation using Equa-
tion 5. as follows.

Problem 2. — Check tension load by group
calculation:
Area = A + 2A, + 275+ A,

5\4 A, = AFC (Area of Full Cone)
from Table 10. AFC = 1110 sqQ.in.
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A, = Area of end between end anchors

(2) (4) V(R1? + Loz
(2) (4)V/(3.992-625)7 + 6.6252 = 59.5 sq. in.

Az = Area of side

(2) (12) ~V(R-n2 + Lez

2(12) °/ (3.992-.625)2 + 6.625¢2 = 178.4 sq. in.

A, = Area of base

4 (12) = 48 sq.in.
Area = 3969 sqQ. in.

Solution: Full cone for %" x 734" anchor in
4000 psi normal weight concrete from Table
10. =111 sq. in.
8 anchors on plate
888 sq. in. Theoretical Area

396.9 Actual Area
888 Theoretical Area

447 (8 anchors x 23.86 Kips/Anchor) =
§ié3£KiDS = 42.7 Kips Allowable Load

Note: The use of a group area calculation
should be made in tension capacity
problems whenever the anchors in the
group have areas less than or equal
to the minimum acceptable spacing of
R or 2R as listed in Table 6.
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The use of a larger capacity if cal-
culated by the group area method js
acceptable only when sufficient re-
inforcement in " the form of bars or
mesh is used to assure the group area
development.

Problem 3,

Determine the allowable shear load for an
embedment plate with 6 anchors spaced as
shown. Eccentricity is negligible.

Anchors = 3" x 43"
Concrete = f'c = 3000 psi
Normal weight

Anchor Capacity

from Table 15. Suc = 19.99 Kips
Spacing for Full Capacity R=1.50"
from Table 16. 2

3.00”

Spacing shown does not meet requirements.

4 Corner Anchors (Anchor A )
Have 2 reductions.

2 Interior Anchors (Anchor B.)
Have 3 reductions.

Reduced Capacity due to an edge distance
of 1" from Table 17, = 7.78 Kips

RSuc =4 (19.99-2 (7.78) ) =17.72

4

2 (19.99-3 (7.78) ) =-6.70 ,

= 71.02 Kips QJ

Allowable load = 11.02 = 5.51 Kips
2

Anticipated failure mode = Concrete (sec-
ondary reinforcement needed)




The behavior of this group of anchors should
be checked by a group calculation.

Using the same area approach as used with
the tension group in Problem 2., the follow-
ing shear group calculation can be made.

Area = A, + 2A, + 2A5 + A,

A, = Area of corners (4) = Afc
from Table 17. for 3000 psi normal
weight .
Afc = 20.9sq.in.

A, = Area of end between anchors
(2) (1) V(1.5-625)2+3.02= §.25 sqg. in.
Note: 3.0” = Le = Maximum of 4 x Dia. Stud

A; = Area of side
(2) (4) V(15-625)2+302= 250sq. in.

A, = Area of Base

= 4.0 sqg.in.
1%1 56.15 sq. in,
Solution: Actual Area = 56.15 sq. in.
Theoretical Area = 6 anchors x Afc
6x209-=
125.4 sq. in.
56.16 _
1254 = 448
448 (6 anchors x 19.99 kips/anchor) =
53.73 Kips
Allowable Load = 53.73 = 26.87 Kips

2

The larger figure arrived at by group cal-
culation can only be acceptable when suf-
ficient reinforcement in the form of bars or
mesh is used to assure the group area
development.

Problem 4. Combined loading
Determine the allowable load on the bracket
shown.

Anchors = 3" x 734"
Concrete = f'c = 3000 psi
Normal weight

Shear force taken by each anchor = Su
3

Bending taken only by the outside anchors
Moment = 4 Su = 16 (2) Pu, where Pu is
the tension component on the outside anchors,
Pu=S8u

8
from Table 6., spacing
for full tension capacity =4610R

2

9.220"
De = 4.0"
from Table 9., tension reductions = 3.69 Kips

RPuc =[23.86-(2) 3.69]= 16.48 Kips
from Table 17., shear reductions = 0 Kips
RSuc =[19.99-0] = 19.99 Kips

Tension Cone
Controls

/

_|

8"

=¥

(Since interior anchors are not stressed in
tension, they are considered to have the same
value as the outside anchors).

Equation 16.
& 5/3 P _'_‘,:‘_L'J_ 5/3 :‘[
Puc SUC
Su/8 \¥s . ( Su/6\ %3 = 1
16.48 19.99
Su%; (7.59 x 10-3)%, + (8.34 x 103) 54 = 1
SUS,'fg = 1

1000293 + .000344
Su%, = 1569.86
Su = 82.8 Kips

Allowable Load = 82.8 = 41.4 Kips
2

Failure mode indicated: Concrete. Additional
reinforcement to bring the connection into
the ductile failure range is indicated.

Problem 5. Combined Loading
Determine the allowable load on the bracket
shown.

Anchors = 34" x 734"
Concrete = f'c = 3000 psi
Normal weight

Shear force taken by each anchor = Su
6
Bending taken only by the outside anchors

Moment = 4 Su = 16 (2) Pu, where Pu is
the tension component on the outside anchors,
Pu=Su

8
Reduced edge distance on sides. Tension
anchors, 2 reductions, De = 4.0”, De = 3.0"

From Table 8. spacing for full tension ca-
pacity 4610" = R
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From Table 9., tension reductions
De = 4.0, 3.69 Kips
De = 3.0, 6.61 Kips
RPuc =[23.86-(3.69 + 6.61)] = 13.56 Kips

From Table 17, shear reductions (none)

De = 4.0, 0 Kips
De = 3.0, 0 Kips
RSuc :[:Suc:] =19.99 Kips

Equation 16.

Pu % .SA)% =1
Puc Suc

(Su/8)5/3+ (SU/6)5/3 -

13.56 19.99
Su; (9.22 x 10-3)34 + (8.34 x 10-3)54 = 1
Su¥, = 1

.000405 + .000344

Su%; = 1335.11
Su =752 Kips

Allowable load = 75.2 = 37.6 Kips
2

Failure mode indicated: Concrete. Additional
reinforcement to bring the connection into
the ductile failure range is indicated.

Short Form Specification — Embedment an-
chors shall be Nelson headed anchors with
fluxed ends (or approved equal). Studs shal
be automatically end welded with suitable
Nelson Stud Welding equipment in the shop.
or field on spacings indicated on the draw-
ings. All welds shall be made in accordance
with recommendations of the Nelson Stud
Welding Company, Lorain, Ohio.

Welding Specifications — A weld plate ma-
terials shall be clean, dry and free of paint,
rust, oil or other contaminants. Plating, if re-
quired should be done after completion of
welding. Two studs should be welded to plate
material of the same type and thickness being
used for embedment at the start of each shift
to check for proper weld setup procedure.
Test welding should be done in the same
position being used for production. Test
welds, after cooling, should be bent by ham-
mer 45° from the vertical position without
failure. Non-failure of both studs indicates
that the weld setup is satisfactory and pro-
duction welding may be started.

Inspection Requirements — After welding, the
ceramic ferrule should be removed from each
stud and the weld fillet visually inspected. A
fillet of less than 360° s cause for further
inspection. Such studs should be hammer
tested, bending the stud 15° from the vertical
toward the closest end of the embedment
plate or steel member. Bending without fail-
ure indicates a satisfactory weld. Bent studs
may be left bent.

When studs are welded to steel plates or
members with temperatures below 32° F,
one stud in each 100 should be tested by
bending 15° from the vertical. Warning —
Welding should not be attempted when the
base metal temperature is below 0° F. or
when the steel surface is wet or exposed to
falling rain or snow.

TABLE 33.
Steel Plate
Weld Base Plate
Diameter | Thickness
.250 Vs (.125)
375 Y16 (.187)
500 Y15 (.187)
625 Yy (.250)
750 %5 (.318)
\ .875 Y% (.375)

Minimum Plate Thickness Required For
Full Strength Stud Weld 12
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9.0 STANDARD STOCK ANCHOR DIMENSIONS, ACCESSORIES AND RECOMMENDED EQUIPMENT

e Re [
[ 1
. A
-y
| I I
| I [
I
L
D —_ | -
Length B.W.
[
Stud
Dia. Length, B.W. Length, A.W.

Part No. Description D A H (Before Weld) (After Weld) Le
101-053-031 | 1, x 21,4 H4L A 187 500 21s 2% 2%
101-053-033 | 7, x 415 H4L 4 4 313/,
101-053-043 | 34 x 415 H4L 3 .281 750 41 4 323,
101-053-045 | 3; x 6 H4L 6% 6 523/,
101-053-047 o x 215 H4L o 312 1.000 2 2 1146
101-053-002 | 14 x 31, H4L 3 3 216
101-053-003 | 15 x 415 H4L 414 4 314
101-053-005 | 1% x 555 H4L 5% 5% 47}
101-053-008 | ', x 613 H4L A 6 51/
101-053-010 | % x 8% H4L 814 8 YALAS
101-053-012 | 54 x 2146 H4L A 312 1.250 211/ 21, 2%
101-053-019 | 5 x 6% H4L 6%, 6% 675
101-053-023 | 55 x 8% H4L 8% 8 ALV
101-098-003 | 3/} x 3%,5 S3L 3, Min. 3% | 1.250 3% 3 254
101-098-007 | 3, x 43,5 S3L 43/ 4 354
101-098-011 | 3/ x 5%,4 S3L 5% 5 45/
101-098-015 | 3/ x 63, S3L 6% 6 55/,
101-098-019 | 3/ x 7345 S3L 736 7 654
101-098-023 | 3, x 8% S3L 8%, 8 7%
101-098-029 | 74 x 31,4 S3L s Min. 3% | 1.375 316 3 3
101-098-031 | 74 x 4345 S3L 43¢ 4 354
101-098-035 | 7/ x 5344 S3L 5% 5 45/
101-098-039 | 74 x 6% S3L 6% 6 554
101-098-043 | 74 x 734 S3L 735 7 654
101-098-047 | 73 x 8% S3L 8% 8 75
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Stud Fillet Use Ferrule
Diameter | Radius Number Grip Foot Chuck
Ya | 125R | 100-106-007 501-004-003 | 502-002-007 | 500-001-073
% 250R | 100-1086-002 501-004-006 502-002-001 500-001-018
TN A 250R | 100-103-009 | 501-004-008 | 502-002-001 | 500-001-085
FILLET OF ANGLE 375R 100-103-011 | 501-004-008 502-002-001 500-001-085
% .375R 100-106-005 501-004-009 502-002-002 500-001-088
—%, .| .375R 100-106-004 501-004-014 502-002-002 500-001-088
b .375R 100-106-004 | 501-004-014 502-002-002 500-001-088
.750R 100-103-012 | 501-004-014 502-002-002 500-001-088
Stud Use Ferrule
Diameter Number Grip Foot Chuck
i Vi 100-101-006 | 501-004-003 502-002-001 |500-001-014
FLAT SURFAGES A 100-101-008 | 501-004-006 | 502-002-001 |500-001-018
Ya 100-101-010 501-004-008 502-002-001 500-001-085
5% 100-101-012 501-004-009 502-002-002 500-001-088
¥, 100-101-043 501-004-019 502-002-009 500-001-088
2 A 100-101-140 501-004-020 502-002-009 500-001-091
L\‘ELDING TO
FhEFANEE Stud Use Ferrule
Diameter Number Grip Foot Chuck
A *Special
% 100-105-001 | 501-003-008 | 502-002-001 | 500-001-018
o 100-105-002 | 501-003-010 | 502-002-001 | 500-001-085
“For Specal % 100-105-003 | 501-004-009 | 502-002-002 | 500-001-008

Ferrules contact
your Nelson
Field Engineer.

RECOMMENDED EQUIPMENT
& ACCESSORIES:

NELSON NS-20-Stud
Welding Unit

For Studs 1/ through
54" Diameter

For Studs 3/’ & 74"
Diameter

(Part No. 799-015-000)
OPTIONAL TRANQUIL-ARC
Kit 1s recommended for use

with 799-015-000 system when
welding * " and *." diameter
NELSON NS-20A HD Stud
Welding Unit
(Part No. 799-340-000)

POWER RECOMMENDATIONS:

For Welding 14, 3 5 or
‘2 Dia. Studs to
Flat Surfaces

For Welding *>" thry

73" Dia. Studs in Fillet
Heel or Flat of Angle

For Welding *-" Dia.

Studs in Fillet or
Heel of Angle

46

400 Ampere N.E.M.A.
Rated Generator or
NELSON Battery Unit

NELSON 2000-A

f Power Unit

|

or Equal

600 Ampere N.E.M.A.
Rated Generator
or Equal

.‘



