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NOTATIONS

area of full conical surface (in2) = s s{R+ 1)

* area of remaining or partial shear cone (in.2)

area of reduction (in?)

cross-sectional area of the anchor shank (in_2)
constant for concrete type

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

diameter of shank of anchor (in,)

modulus of elasticity of concrate (ksi)

28 day concrete compressive strength (psi)
tensile strength af anchor stesl (ki)

yield strength of anchor steal {(ksi)

height of the remaining or partial shear cona {in.)
constant egqual to 4.0

length of anchor under the head (in.)

number of reductions

aApplied tension load

tensile capacity of the anchor (kips)

ultimate concrete tension capacity (Ibs.)

« ultimate embedded tension capacity of a headed anchor 0.9 At
= wield strengih of the anchor steel (ksi)

radius ol head of stud (in.)
major radius of shear cone (in.)

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

reduced shear capacily (kips)

length of side of cone — L, sec (80 — 8) (in.)
applied shear load

shear capacily of the anchor (Kips)

ultimate concrete shear capacily (Kips)

® ultimate embedded shear capacily of headed anchor =09 Agly

unit weight of conerele in Ihs_‘cu. .
H— D“
capacity reducltion factor



INTRODUCTION
1.0

Beginning in 1858, Melson Stud Walding con-
ducted extensive tesis on the use of headed sluds
embedded in concrete.

The test results and design data were originally
published in the brochure “Design Data,
MELSON® Concrete Anchors,”

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

It became apparent that additiomal data were
necded 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. Poter
Courtais' and olhers.

Explanations of the conical failure concepl cul-
minated in the publication of the Presiressed
Concrete Institute Design Handbook, Seclion
6,113 where anchor sirengihs were based on
thearetically derived, empirically confirmed
equalions.

Prior to the PCI publication, MNelson Stud Welding
had initiated a compréahensiwe test program  at
Lehigh University'®, to determine headed anchor
behavior and provide sufficient data to reliably
forecast the accuracy of the empincally derived
equaticns.

The maleral published in this manual is sl
confirmed and provides up-to-date information
for engineers involved in designing concrete-steel
siructunes.

2.0 CONNECTION THEORY

it should be noted at the outset of this repor
thal connection design uwsed in concrele con-
struction is governaed by American Concrete
Institute codet) criteria. As such, most em-
bedment plate itemns, weldments, etc, are used
with additional reinforcemant materials i the
form of bar or mash o develop specified design
strengths, Testing for headed anchors wsed as
thie basis for this publication was done in plain,
unreinforced concrete since the objective was
io establish performance criteria for the anchors
only, All anchors were lested to failure either n
the anchor itself (ductile failure) or failure in the
conefile section (brittle failure).

These two modes of lfailure are parl of the bpsm
parformance criteria in concrete design, Brittle
or abrup! failure when indicated in a conneclion
iz generally strictly limited or prohibited in design
ol 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 s characterized by litlle or no
movemeant in a connection or structure pror o
catastrophic failure. Since there is virlvally no
warning of failure, codes require a design safety

factor cnns-n&mhly in excess of thal required
where ductile behavior can be demonstrated.

Ductile failure or semi-ductile failure allows for
movemeant, providing waming of impending col-
lapse without sacrificing load carrying capacity.
One of the intents of this report is o indicate
the areas of ductlle, semi-ductile and britile per-
lormance of embedded anchors so that connection
designs may be made that limil 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 behawvior critena which insure
increased  structural capacity as movement s
taking place.

Ductile or semi-ductile behawvior 0 embedded
headed anchors can be obtained by using data
contained in the report 1o be sure that the full
anchor yield strength is reached in the following
areas,

1. Anchor lo embedment plate connection
A. Weld quality
B. Plale thickness

2. Embedded anchor strengths
A Tenslon capacities
B. Shear capacities
C. Etfect of stud spacing
D. Combined shear-lension 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
anolher part has developed its design force may
mean the overall connection is unsatisfactory.
Progressive failures of this 1ype are sometimes
referred 1o as a “zipper' lype collapss paltem.
Maturally, britllle connections with no warming
prior to catastrophic failure are far more Sub-
coptible to “zipper” type structural failure than
ductile or semi-ductile connactions.

The data presenied in this report are arrangad
s0 that the behavior of a stud can be readily
delermined, Connections employing stud sizes
that fail before the oplimum loading levels should
not be used unless adequate subreinforcement
is employed to extend their capacity inlo the
ductile range. Ductile or at least semi-ductile
embedded anchor behavior should be reached
wherever possible regardless ol the siress dis-
tribution or crack patterns that may be present
in the concrete. The reduction in capacity of
anchors used in arcas of lNexural cracking should
b taken as approximately 10%. In most cases of
full ductile anchor performance shown in this
rapart such a reduction need not be taken.

Table 1. gives the general performance levels of
headed anchors as embedded in concrete. Shadod
areas should be avoided it at all possible. This
fable is merely a seleclion guide 1o 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 s
specific use with regard 10 spacing, concrete
density, loadings, etc. should be undertaken in



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

Table 1. — Selection Guide
Suggested Nelson Headed Anchor Sizes'1.!
Connection Type

Primary Connection‘?.’ Secondary Connection

Two Way One Way Two Way One Way Mo Add.
Reinforcing  Reinforcing Reinforcing Reinforcing Reinforcing

“Partially
“Single Acting” Redundant” “&ll Types Fully Redundant”
EEE}% mgﬁ ‘ﬁ_tgﬁ e x2% Yo % 2%
ru and
Failure Mode 5 2V, 5w 24, S x 2V 1 LT By 2 2"Whe
Brittle ¥ x I ¥a X e A x 3N ¥ x 3%, Y %3
thru 4%, and 3t and 3%, thru 43,
T x 3 ThxIWe  Tax3'e e x A T % 3" Ye
thru 5%, and 4%, and 4%, thru 5%,
% X 5%4 Yo x 4% Y % 3% % x 3% % x 3%
Sami- % x 6%q Voxd%g  Hxd', ¥ x 4%, ¥, % 5%
Ductile Ay x 5% and 53y thru 535 and 5%, Th x 6%,
and 6%, e X 5%g T X A¥hg Tl % 5¥he
E& x ﬁ%ﬂ and ﬂ'.ﬁ!_ Thru ﬁ:!"“ and E%':m_
and T4,
¥ x 4% Yhx 4% % x4 Y x 414 Yo x 4%
and B4 and B4 and &% and 6% and B4
o x BY X B8 Wox 414 x4 1h x4l
thru 8% 5p x B, thru 815 thru 81 thiru 8%
Ductile 3 x B, Yo x 6% % x B, % % 6% o X 6%y
]."..1. X ?:ﬁa thiru E-'.!-"| B and E?}'“; arwd Eal':m and -E:!-'l| i
and 8% T X T¥g ¥, x 6%, ¥ % B¥y ¥ % B
T x 8%s and 8%, thru 8%, thru BY,, thru 8%,
Tax THa T % THe T X Ty

and 75 xBY,e and Jh x BYy and Ty x B,

Motes: 1. Nelson 1 x 2114, and 1, x 41 Headed Anchors while fully ductile

undear 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 ol Table 1. 3. Secondary Connections — Failure of a sec-

1. Shaded areas are to be avolded whenever ondary connection would result i 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 pars of the structure without significant dis-
should be subjact 1o vigorous analysis of fac- torlions (o the member of the struciure,

lors affecting load capacity including spacing,
concrete density and type, stress conditions,

movement in the connection s evident bafors
2 Primary Connections cilastrophic collapse

A. Single Acting — This connection (8 one
where the fasilure of the connection would

resull in the collapse of a member being 5. Semi-Ductile Behavlor — Movement of ap-
supported without the benefits of added proximately 14" -in the weld plate position
structural redundant suppart. uncer combined shear-tension loading has no

affect in the i r clural ity.
B. Partially Redundant — Failure of the con- in the weldments structural capacity

nection would result in a redistribution of

loads and siresses accompanied by signifi- 6. Ductile Behavior — Movement of approxi-
cant movemen! and distortion of tha struc- mately 15" in the weld plate position under
fural member butl withouwt catastrophic combined shear-téension loading has no ellect
collapsa, on the weldments structural capacity.



3.0

3.1

3.2

MECHANICAL PROPERTIES OF
HEADED ANCHORS

Sleel Grades Used in Manufaciure

Low Carbon Stesl per ASTM Specilication
A-108 Physical Propertias:

Tersile (MINTmUmb e, 0,000 PSI
(60 KSI)

Yield (MInimum) ......ooocemmeemmeee 24,000 FSI
(50 KS1)

{0.2% Ofisat)

Elongation (Minimum) 20% in 2
Steal Tensile Strenglh

The ultimate steel strength or lensile strength
of a headed anchor may be computed as

Fy=»Aglg (Equalion 1.)
Where:
P’y = Tensile capacity of the anchor in
Kips.
-ﬁ.5= Cross sectional area of the anchor
shank

Is = Tensile strangth of the anchor steel
Sleel Yield Strength

The yield strength {point al which the steel
beging 1o elongate) of a headed anchor may
be compuled as:

Ply=Agly
Where:
P’y = Yield strength of anchor in Kips

J"l-5= Cross sectional area of the anchor
shank

Iy = Yield strength of the anchor material

(Equation 2.)

. -

4.0 EMBEDMENT PROPERTIES OF

4.1

HEADED ANCHORS
Headed Anchor Ultimate Embedment Strength

Resulbts of tesis by Melson™''8 an V" di-
amler through 74" diamaler headed anchors
with full embedment are summarized in Tabla
3. The load displacemen! curvés on several
anchars areé shown in Figure 1. The shapes of
the load displacement curves indicate that a
tension load causing 0.017 displacement on a
headad anchor represents a reasonable esti-
maté of the yield strength of the embedded
anchor, it can be seen thal the 0.107 displace-
meent loads are consistently lower than the
ultimate embedment ioads (Pya) al which
the embedded anchors failed, but do not fall
lovwieer than 0.9 Pyq .

Figure 1, curves show that the load valves at
010" displacement represent a point where
the load curves approach a flat aftitude, Very
little increase in loading s required 1o reach
the ultimate embedment strength Pya

For engineering and design purposes, a con-
servative valve for the ultimate embedded
sirength of a headed anchor with sufficient
embedment length to develop full sirenglh
may be calculated ag:

PUE = 0.9 ‘\31:5

Where;
Pue = Ultimate strength of an embadded
headad anchor

I"'-5=CIDEE sectional area af the anchor
shank

15 = Tensile strength of the anchor sleel

{Equation 3.)

Table 2. Mechanical Properties Of Headed Anchors

Anchor Ag=-Mominal Tensile Strength Yield Strength
Shank Dia. Area,In.? P, - AsisKips P, = Asly Kips
W 049 2.95 246
e 0110 G.62 5.52
b 0.196 11.78 o.82
Sy 0.307 18.41 15,34
¥, 0.442 26.51 22.09
o 0601 3608 30.07



Table 3. Tensile Capacities Of Headed Anchors —
Nelson Test Seriesid! i5

AW Load at 0.1" UK. Embedded

Ds L. Dh Le Le Failure'™ Concrele Displacemenl Strength Pue
Moe. (i) (In) {in) {in.) MNo. Diameters Mode Strenglh Kips Kips
A Y 2 % 2% 9.25 5 3000 psi a6 3z
B W vy 13 2%, 8.25 W 3000 psi — ap
A % an, 3 3 504 9.58 5 3000 psi 8.5 85
B % 3 % 3594 9.58 S 3000 psi 8.6 8.7
Ay 15 5 1 A 9.38 5 J000 psi 11.9 125
B i 5 1 411 0.38 5 3000 psi 13.8 15.0
A e BY, 1Y 5", 850 5 3000 psi 227 237
B % BY, 1Y, 58 9.50 5 3000 psi 240 25.0
A 5 B 1% 5% 8.50 5 3000 psi 213 220
B* e Gl 1% 5% 850 S 3000 pai 240 25.0
A ¥, 7 1% % 9.50 W 3000 psi — 33.0
B % T 1% % 9.50 w 3000 psi 338 345
AY T 1Y, T 8,50 A 3000 psi 31.2 332
B 3 7 1Y, T 9,50 5 3000 psi 36.1 38.1
A % e 1, T 814 W 3000 psi 48,1 50.5
B a T 1%, T B.14 A 3000 psi — 42.5

MOTES: (1) AW.L, — After weld length.
(2) 5— Shank of stud broke, W— Weld at head broke; A— Attachment to testing machine broke
*Tested in Saries 5.4 all others tested in senes 6,'%

= 3/4" DIA. NO. B

¥

-+ « 5/8" DIA. NO. A

- —= 1/2" DIA. NO. B

APPLIED LOAD ikips)

- = 1/4" DIA. NO. A

.
E

0 0.05 0.10 0.15 0.20 0.25

LOAD DISPLACEMENT CURVES
(DISPLACEMENT IN INCHES)

FIGURE 1. — Load Displacemani Curves



4.2 Shear Cone Theary

Investigations into the tension capacity ol
headed anchors and inserts embedded in
concrete have shown that when these em-
bedded items do not fail in the anchor steal
itsell, but pull out of concrete, the geometry
aof the falled concrete section s conical in
spction. '™ Since the concrete has been
subjected to diagonal shear forces, this
fallure mode 12 lormed 8 "Shedr Cone." The
area of this conical section that fails is pri-
marily dependent upon the following factors:

1. Concrete Comprassive Sirength
2, Concrete Welghl
3. Headed Anchor Size
A Length of embedment
B. Head Diamaeler
4. Boundary Conditions
5. Anchor Spacing or Grouping

FIGURE 2. — Typical Conical Failure

Asg the depth of embedment of the headed
anchor conbinues to increasa, the area of Thea
conical section that may be pulled ouwl in-
creases proportionalely up (o the point of
Tull embedment.

Al an embedment depth of some 8 o 10
times the anchor shank diameter'® the capa-
city of the concrete contained within the
coanical area exceads 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 embaedment of 810
diameters, conical area fallure does not apply
since strenglh is limited by the stud embed-
ment capacity (P a)

These statemants assume that the studs are
spaced so thal there is sufficient surrounding
concrete area for a full shear cone lo be
developed. Limilations of conical area are
coverad in a later section.

Figura 3. illustrates the geometrical relation-
ships of @ full shear conde,

Le

4.3

FIGURE 3. — Full Concrete Shear Cone

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

{Equalion 4.)
Puc =BCK Ay /Ty~
Whare
Puc = Liltimale concrele tension capacity
(Ibs.)

B = 0.85 Reduction Factor
C = Constant for Concrete ivpe [(Per ACI
318-71, Section 11.3.2)
Marmal weighl concrate C= 1.0
All lightweight concrele C = 0.75
Sand lghtwaight concrete G = 0.85

K=40
"u".l't, = Argda of full conical surface (sq. in.)®
f'; =28 day concrete compressive
strength
'ﬁ"[c: 1 w5 (A f)

#

Partial Embedment — Full Shear Cone

This case covers those anchors with insul-
ficient embadment length to develop the an-
chor embedment strength [(Pug), but with
adequale space in the surrounding concraba
to develop a full shear cone area. Failure
ooours in the concrote.

The refationship may be described as:

Fuc £ Pua
ar

Concrete Capacily is less than or egqual to
the anchor embedment strengih.



The shoar cone failure ol an anchor with
partial embedment is described geometrically

in Figure 4,

2Ly * Dy,

Le + Dy/2

Dy,

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

Converting Equation 4., Section 4.2 10 the
partial embedment case, full shear cone area
geomealry, the lollowing derivalions are
avolwad:

Puc = fi CK Afe v T

Puc = (#) (4) (C) (Ale) T

Afc = ™ —[ 7 Le (Le + Dh/2 + Dh/2) ar
m =7 L& (Le+ dh)

Puc =# (C) (4} F VZ Le (Le + DN VT,
or

Puc = B 17.77 C (Le) {Le + Dh) VT,

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

Puc = 0475 C (Le + Dh) Le=y '

which simply converts Puc from pounds io
kips,

Confirmation of the concrete capacity formu-
la accuracy is shown in Figure 55‘I where
partial embedment, full shear cone lest speci-
mens are graphed on a measured (tested)
versus thegretical (predicted) basis.

MEASURED TEMBION LOAD fkips)

=
T

i 1 1 |

0 Wy 20 a0 A0
PROMMCTED CAPACITY LLT =]

Stud Size fe Concrele
Symbol  Beam Dxle tpsi) Type
b Baarm O L 5180 NWC
T8Ha b x4 00 WG
At TOHB 3™ x349," 3000  WNWC
o T&8THa, b " x4 3000 NWE

Mol

1 Thiese values cbiningd from Tabie 5,

"Thess Values Obtained from Nelson Stud Project Mo,
B2, Report No. TE66-5 Test Mo, 7171

FIGLIRE 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
o stud embedmenl capacity may be de-
scribed as:

Puc = Pue
or

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

In these cases, the stud will fail rather than
th concrels,

McMackin, Slutter and Fisher have reported:d
thal tension capacily near a free edge in
5000 psi normal weight concrete can be de-
tarmined by the fofmisla.

R Puc = 502

wherng:
R Puc = Reduced concrete tension capacity

De = Distance from & free edge 1o the
center of the anchor

Puc = Concrete capacity =Py,
D= = Anchor shank diameter

[(Piuiz)



Since the concrate capacity (Puc) and coni- . T2De -

anchor embedment strength (Pue) selling
the values of R Puc and Puc in this agqua-
tizn as Puwe and adding constants for the
effect of concrele yvpe and density the fol-
lowing Is derived.

unity, the edge distance (Da) is adequale for
Tull potential shear cone area development,
and the reduced capacity (R Py ) is equal
lo the lull capacity (Pyuc). In this case, the
radius (R} of the potential shear cone repre-

uation sanls the spacing necessary 10 develop the
AP e (Eq 6 anchor capacily (Puye). R Py or reduced
e = %%TCJI =500 | Pue capacity cannol exceed the full ca-
pacity (Pql.
wher! 45 Headed Anchor Tension Capacities
R Pyg = Reduced concrete capacily Table 4. shows the embedded tension capa-
De = Distance from a free odge to the cities for stock size Nelson headed anchors.
cenler of the anchor Mole thal the concrete capacity (Puc) is
C DR TGE DoreHlE b shown only for those anchors where the
- concrete capacity governs
Mormal weighl concrete C= 1.0 _p Yo
Sand Lightweight concrete C = 0.85 Anchors with full embedment where anchor
: _ capacity controls show the value (Pug) for
All lightweight concrete G =0.75 anghm ::;mhad menl capacily. el
s = Anchor shank diameler In confirmation of the data contained in Table

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

Embedded Tension Capssily (Pud]® — Kigs
Strenglh o] i) [ER] (L] [ H] 4] (=N ] 5] (L]
(LB ] [FA] of Feo J000 Feo 4008 Moo SO00 Me« 3000 Teo adbd re o SH03 Fes 3003 o« DM Mg« 000
Ahchai AW, Hrad Fezad Le  Adchor pal -] pak pal sl =
Sire  Leng® Dlamsler Thickness {in} [Pus) Kipr  WWT WWT HWWT SLWT BLWT  BLWT wWT WT  ALWT
LEd'e ¥ e u} T Ty F'-E 28BS el 2 BE 2B 265 285 765 255 55
Ve m AL d 500 iaT L EX JES 285 285 255 285 T 85 A5 2 b5 FBs
LR 4 T a1
Radly & o by B o T 5.0 5.5 5 O & 0 5 50 & 04 1 5.0 5 T
5 B 5596 596 5 08 5948 S0 S0 594 L S
Wl Z 100 A 2 "5 w0 378 433 4 BE 518 158 411 281 3= B3
Badly 3 1.00 E1F: I, H0ED A i 46 100 88 L1 A ATD .15 TG T
adly 4 100 12 Iy 050 1A B0 D 1080 5080 1200 19 50 LU H 10 [=1i 4]
Uy m By Wy 100 a12 & v B 1083 Lo ad 1060 8060 10060 1060 L] 160 12 &D
wall & i i e B, HS0 8 #1 B0 .0 Wil .60 16 B 8 ik 10 B0
' ally [ 100 312 T 10 50 L L) 6 10 60 0 & 1060 160 L0 v 1560 10 0
NEI' Y% 1280 a2 Wy WG58 B 118 A.00 L ] as f.80 488 55 0
Wby Bl 1250 a3 L1 vl 56 1854 Bl 58 bl 58 054 186 50 50 155 1854 1 Sl
Iy B, L] 134 A12 My 14,58 1658 L8 10 9055 16,50 t6.556 655 16566 16 5
5 oudn, - | 1350 & Pl i 21 BA a4 ] than T4 L B I3 L} ] . | [N
Boady 1250 s e Fa b 1531 5306 L B&A 108 a4l 825 a"Te [af: 1]
K ndF, 4 1350 ATS ¥ 23 B8 467 BE AT fBAT 1243 1438 o har 1285 1415
el 5 1350 ars Aty Fal ) AR 184 2388 11 £208 Fal ] 18,66 1086 21748
Y, u iy & 1.3%0 S P &3 84 Fa ] 22848 A G T35 o380 2385 2355 il ] k]
o Ty ¥ 13252 ars B el i Fa ¥ Pl ] Pl Fat. &3 86 Fia6 .66 23 86 &3 36
¥, By ] 12350 arE T al. il Al ) FA886 FEE FA¥. &% BH JAEA F1 BB 386 Fal. ]
RN Y% 1375 ars k3 XX Aar 10 8343 15 .0h LF. 11.42 1278 BT 10 OT 11 .26
Ry 4 1375 TS R X AT 1500 8730 1035 1275 1.7 1045 1125 1208 151
pubky 5 1375 ars L] X a4F Fed ] 20640 WD 1952 Frll Fothl | 1722 1887 e
Wxly 6 1Th ars 55 Xpar AT AT 247 2T GR A1 55 1247 2443 2B.49 3.5
Ty W TN, T EI3TH ars B 2 ar 2 AT 22 AT 24T 247 3247 3247 4T 3247 A3 4T
W BN, B 1378 ars ey Xr AT AT x4 n47 oy 3247 247 o 4T A2 4T =

MOTES (1)) Bk Anchor Sises
(2] AN = Liswgin oeerall et selding 10 plale
(3.1 HWT — Normal weghd oonoreio (G0 1.05
(] BLWT = Sare L ightwiighs Condiala (S = 0 B5)
150 ALWT — Al Lightwaisgitl Conersts (5 00T4)
Puc — Froem pgusticn 5 Seciion 31 fwheve Puc » Pug, Pus conlroli. )

10



4., one part of the Lehigh tests'™ was len-
sipn-loading of headed anchors embedded in
normal weight and all lightweight concrete
beams. The beams wero 2° x 2° and the full
shear cone development confirmation Loest
Specimans were placed in the centor of the
beam s0 that no boundary conditions would
influence the resulls. Table 5. summarizes the
results of the tested specimens versus theo-
refical values from Table 4,

Mote that specimens 5., 6 and 7., while ex-
ceeding the design embedment capacity

{Pue) did not fall in the stud but in the con-
crate. If the value of concrete capacity (Puc)
were 1o govern according o Equation 5,
Section 4.3, fallure of the concrate would be
calculated as being some T3 kips for specis
man 3. and 55 kips for specimens 8. and 7.
Obwiously, failure in the concrete atl much
lower values indicates that design embed-
ment strength (Pue) for full embedment
specimens nol concrete strength (Puch con-
trols, A typical test beam, anchor arrange-
ment and anchor lest schedule are shown
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 Laad® Mode Failure Mode
M ¥x7 MWT-5200 psi 28.3 Kips 23.86 Kips Stud Stud
27T = 285 23 .86 Stud Stud
S o 280 23.86 Stud St
(4) Yy u 7 ALWT-5300 287 23.86 Stud Stud
[5) ’.ri; x 8 MWT-4800 43.0 3247 Concrete Siud
(6} 3 =8 ALWT-5300 23001 2386 Concrete Stud
ERS: . 21.5 23.86 Concrate Stud
(8] 3 ud MWT-5180 18.5 18.87 Conereta Concrele
9] 4 x4 4 18.5 18.87 Concrete Concrale
(10} 3, x4 17.3 18.87 Concrete Concreta

*For full embedment specimens, the ultimate design embedded
strength of the anchor [Pue) is shown rather than the concrete

capacity {Puc) since Puc > Pue,

Pure Tension Specimens (free edga)

p— Combined-Loading Specimens
or Pure Tension Specimens

~3@ 70" = 21° 0"
Cast Saparataly

1" -BNC x 107
Threaded Stud

2!! W 2!! x 1#2" i

Pure Shear Specimens (free edge)

Schedule of Anchor Sizes

AW,

Humber O Length Le Dy Shank
Tested (in)  (in.) (in.) (in.) Area (in.)
28 3 4 3% 1Y% 442
23 ¥ 7 B3 1% Add2
& ¥ 8 ™ 1% 42
3 h 8 T 1% 801

FIGUIRE 6,— Typical Test Beam and Anchor

11
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4.6 Spacing for Full Tension Capacity of Partially
Embedded and Fully Embedded Anchars

The shear cane arsas for partially embedded
anchors are calculated with a 45" cone,
making the surface area radies (A) equal to
Le + Dh/2 in all cases, Spacing for a single
anchor, between anchors or from the cenlor
al an anchaor to a free adge are based on this
fact.

Spacings for full embedment anchors are

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

D i
3—.5 () *5-% = 1 and solving for De

Table & shows the minimum spacing re-
quired for full shear cone developmenlt capa-
City tor stock size anchors in various com-
crele types and densities,

Table 6. Spacing For Full Tension Capacity Development
Of Stock Size Headed Anchors
Anchor Spacing (R) In Inches

Anchor Normal Weighl Concrele Sand Lightwelght Concrele All Lightweight Concrele
Bize 3000 psi 4000 psl 5000 psi 3000 psi 4000 psi 5000 psi 3000 psi 4000 psi 5000 psi

V%2, 1535in. 1.330in. 1.190in, 1.808In,

T At 1.535 1.330 1.190 1.808

Hx4yy 2305 1997 1786 2712
3 x 6L 2.305 1.097 1.786 2712

wx2% 2188 2188 27188  2.188
wx3% 3188 3188 3188 3.188
x4y, 3070 2661 2380 3813
x5, 3070 2661 2380 3613
wxBlY 3070 2661 2380 3613
wxB% 3070 2661 2380 3613

%ox2, 2813 2813 2813 2813
% x6%, 3843 3327 2976 4520
%, xBY, 3843 3327 2976 4520

Y. x3%, 3250 3250 3250 3250
Y,x3'W, 3750 3750 3750 3750
Yoxd¥, 4250 4250 4250 4250
Y, x5%, 5250 39892 3571 5250
Yox6%s 4610 38992 3571 5424
Y x7¥, 4610 3982 3571 5424
v, x8%, 4610 38992 3571 5424

T X 3. 3813 S B13 3813 J.813
Txd¥s 4313 4313 4313 43513
x5 5313 5313 5313 5313
T xG¥y S53FT 4 657 4,167 6313
TWxT¥s 5377 4857 4187 6326
e B a.a7T 4 657 4 167 6326

1.566
1.566

2,348
2348

2188
3,188
3.1
313
4.1
3

2813
3914
3.814

3250
3730
4 250
5.250
4,697
4 687
4697

3.813
4313
5313
6.313
5479
5479

in., 1.407in. 2047 in. 1.774in. 1.587 in
1,401 2 0dT 1.774 1.587

2100 3073 2662 2381
2.100 3073 2662 233

2.188 2,188 2188 2188
3.188 3.188 3.188 388
2.800 4 096 3.548 3174
2.800 4096 3.548 3074
2.800 4 096 3.548 3174
2.800 4 096 3.548 3174

2813 2813 2813 2813
3.500 5122 4 436 3.968
3.500 5122 4,436 3968

3.250 3.250 3.250 3.250
A.7a0 3.750 3.750 3.750
4. 240 4250 q.250 4 250
5.250 2200 5.250 5.250
4201 6147 5323 4.761
4,201 6.147 5,323 4,761
4.201 6147 5.323 4,761

4.813 2813 3813 3.813
42313 4313 4313 4313
5313 5313 5313 5313
.90 5.3 6,313 6313
4.901 7.169 6210 5.555
4.801 7.169 6,210 5.555

1R
2
2R i z
& L
[ e
00
Minimum spacing for Minimum spacing between Minimum spacing, center of

single anchor = 2R anchors = 2R

12
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4.7 Reduced Anchor Tension Capacily — Parlial Overlapping Spacing Condition

Shear Cone

: Commen reduction cases are shown in Fig-
The case of an anchor having sufficient con- ures 9 10 and 11.
crele area surrounding it to develop a full
shear cone or oplimum capacity is not fre-
quantly found in practice due to the con- 1R
figuration of the concrete member in which 2R
the anchor is embedded.

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

A, Boundary Condilions — Reduction in
shear cone area due lo oné or more edge
conditions can occur as shown in Figure 7,

FIGURE 8.—One Reduction 1o Full Shear
Cani.

2R

FIGURE 7. — Boundary or Free Edge Condition

B. Spacing Conditlons — To meel loading
requirements, headed anchors may be
grouped or clustered. Again, due to physi-
cal limitations, the distance between an-
chors may not be sulficient to allow full
shear cone area development, Essentially,
the cone areas overlap, producing a re-
duced area similar 1o thal of a free edge
as shown in Figure 8.

FIGLIAE 10— Twa Reductions to Full Shear
FIGURE B, — Overlapping Spacing Condition Cone

13



CONE A - THREE REDUCTIONS
CONE B - FOUR REDUCTIONS

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

Finally, in the infrequent case where full reduced capacily of each anchor, the ower-
cones overlap wath wary Light 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

OVERLAFP OF
AREAS OF
REDUCTION

FIGURE 12 —QOwerlapping Areas of Reduc-
tion [Ar)

14



4.8 Calculating Reduced Tension Capacity

In calculating the reduced capacity of a
headed anchor shear cone influenced by
boundary conditions, the extent of reduction
B depandent upon whelher the anchor is
long enough 1o develop iis full embedment
strength [(Pue) or whelher the concrele capa-
city (Puc) conlrols.

4.8.1 Partial Embedmenl — Reduced Shear Cone

When the headed anchor is of insufficient
lengih o develop full anchor embedment
capacity, Pue or concrele capacity contrals.
From Section 42 Puc or concrete capacity

Age or the full shear cone area of a partial
embedment anchor may be calculated as:

Aje= w5 (R *1)

since partially embedded anchors pull a 45°
shear cong in tension, Tull shsde cone area is;
Ate = V7 Le (Le + Dh)

Full shear cone areas {Aje:) lor parial embed-
ment, stock size anchors are shown in Table
7. along with parlial cone areas t.ﬁpc]- for
varnous single edge distances,

The area of the remaining or partial cone

may be calculated as:

Puc = § CK Ale vTe

Whon subpect to reduction, the reduced capa=-

city may be stated as:
R Puc =  CK (A, — Ar)Te

or
R Puc = § CK thmi Vi

wiare

R Puc = Reduced tension capacily in Kips

iﬁ, C. K as previously defined

{Equation 7.)

Ag. = Area of the full shear cone in square

inehes

A, = Area of reduction in square inches

.Apc=.ﬁ.raa of the remaining or partial

cong in sgquara inches

rAP.:] following reductions by boundary con-
ditions may be calculated as:

Apc - 7 R~ /RRT 7 7

wherga:

Rp = Radius of the remaining or partial
cong

H = Height of the remaining or partial cone
Depth and embedmaent Lo

wherne more lhan one reduclion to the cone
i necessary, the reduced capacity may be

described as:
= — — A
R Puc = Puc [Am EE{F'm;!}.*
Aye
|
fc pc
[1;—* ‘F'“':’]:.._...m.:.
(Equalion B.}

Table 7. Partial Shear Cone Areas For
Partial Embedment Anchors

Apc For Dislance To Free Edge O1:

Anchor

Size AFC 0S5in. 10in. 15in. 20in. 25in. 30In. 35in. 40in. 45in. 50in. 55in. 6.0 in.
1w 2 2014 912 163 1448 1770 — - — —_ — —_ — —_
16 x 3 4400 1889 2243 2627 3048 3458 3985 — == = == — -
Spx21 A3 — 1744 2090 2469 2959 —_ — — — — —
Vx3¥, 4518 — 2269 2655 304 3530 4022 -_— — — —_ — -
Va3, BDT0 = Za41 3380 3B43 4357 4896 5468 =— — — - =
3o d¥, TB46 — Ar05 4193 4715 6H2BB H8A6 2 GATE T.AT7 — — — =
LS5y, 12064 — 488 eDBB G711 T3IG4 BOS2  BT.TZ 49529 10319 11139 =
IR EA,, B2d4 — 2992 3434 3908 4478 4961 6543 = — —_ — -
e B0.48 — aT61 4254 4779 5337 5934 6560 TF2IA7 — — - —_
Th % S% 12327 — 5570 G162 6788 T446 8137 BRGE OE20 10413 11240 — —_
TLEGY, 17483 — IT28 B422 90150 9910 10703 11526 123287 13276 14199 151 .58 16162

15



TERSION LDAD (ki

4,8.2 Full Embadmenl — Reduced Shear Cone

In calculating the reduced capacily of a full
embedment anchor where Puc 2 Pue and the
anchor embadment strength controls, Equa-
tion 6., section 4.4 provides a consarvative
astimate.

Restated, this formula to calculate individual
reductions is;

R Pyo = Pua- .[puﬂ_f%c-x%%ﬁ}mﬂ: ete.

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

Tables 9. through 14. follow. These tables
show the amount of a single reduction (in
kKips) to the tension capacities of sliock size
anchors for various edge distances, Tables
8, 10. and 11. are for normal weight con-
crete of 3, 4 and 5 Ksi compressive strength
Tables 12, 13, and 14, are for all lightweight
concrete of the same compressive strangihs.

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

Several specimens subject to edge condilion
reduction were lested in the Lehigh study'®,
Figure 13., shows the tested results plotted
against the calculated curve for 3, x 73"
full embedmant specimens,

One spocimen tested was a partial ambed-
ment anchor, ¥ x 4%,;" in 5000 psi normal
weight concrete al a distance from the center
of the anchor to the free edge of 20", Table
8. includes the calculated warsus tested re-
sults for this case.

CONCHETE SLAB

the anchor design capacity (Pue) be
aucaddad.
i =
e ————
Fa
CURVE FOR
" i CALCULATED VALUES
g PERE DOUATION 8,
Fa
!
!
Fi
£
Fi
| 1 L 1 i i i
F] 4 B B T 12

FREE EDGE METANCE (inche] - I,

il
Fu
i ZEN
.ﬁ.“—""f |
el b Dy
e Concrele
Stud Sze (pal} Type

N N TWy B2T0
%" X T¥,"  AD0D
%" u Thy" 5180

Morrmasl

FIGURE 13. — Tension Reduction

Table B.

Specimen Sizs _Concrete Density  Tested Value _ Caiculated Value

YO oE AN

SO00 pai Miowmeal
Mobe: 1 Value obinined from Table 8.

11.0 Kips

11.34 Kips "1

Table 8: 4" = 4%, Headed Anchor with 20° Free Edpe Distance

ir B0 pead Marmal Waedghd Concrete



Table 9. Single Reduction Values For Various Edge
Distances in 3000 Psi Normal Weight Concrete

Reductlon To Tension Capacity (Kips)
Distance From Cenler O1 Anchor To Free Edge (Inches)

Tenslon
Anchor  Radius  Capacily's. De

Slze  MNW.C1 Kips Ale 05 10 15 20 25 38 35 40 45 80
Y x 2% 1,5350n, 265 142 118 73 2 o 0 0 i} o 0 0
x4l 1535 285 142 118 T3 M0 i) i} o o (1} [}
RLoadly 2305 5,96 320 302 232 185 B2 O 0 (1] (1] ] 0
WLaBlYy 2305 5 .06 320 302 232 185 922 0 0 a 0 0 i}
NWudl% 218 3 M1 — 158 105 48 0 o i) 1] o o
wrdly 3184 8.0 440 = 402 330 252 168 0 0 L] 0
WLxdly 3070 1060 56,4 472 JBS 264 197 8 0 ] (] 0
WLuB¥, 3070 10,60 56.9 - 472 245 294 187 % 0 0 i} ]
LaBl 3070 1060 SB9 — 472 385 294 187 98 0 a i 1]
LuBly 3070 1060 569 — 472 385 294 197 98 O 1] i (1]
Tk 2803 622 B3 = 295 231 180 B 0 o Q0 0 0
LEBY, 3843 16.56 e TBY BBZ 572 457 338 213 O 0 L]
WNaBY,  3.843 16,56 aa 8 THEY BBZ 5¥2 457 338 213 O L+ 0
Yox I 2250 B4 452 = - 347 26D 184 02 0 ] 1] 0
o x I, 3750 1.3 607 — = 501 414 318 2918 112 0 ] ]
¥ x4¥y 4250 1482 85 — — 881 584 481 371 288 133 o ]
¥ x5Y, 53250 48 1206 — 1.4 8998 BTG 748 513 472 328 179
Yoxbdy 4810 #3.88 1281 - = WEY 932 793 B8 517 389 215 0
Y, xT¥s 4610 2388 1281 - 1061 932 799 661 517 360 215 @
Y, k8%, 4810 238E 2 — = BT 832 Y89 661 517 369 216 O
Twx Ay 3813 1163 824 - — B34 435 340 240 1.1 0 1] i}
nxdhy 4313 1500 805 = — 7O7 BO9 505 384 277 15 0 0
Tax 5%, 5313 2208 1232 2 — — 1148 1032 909 780 B44 504 258 202
T m6¥y 5377 X247 1744 — = 1518 1370 1218 1081 900 733 582 384
T x THa  BATF F247 174.4 = = 1518 1370 1218 1061 900 733 562 384
TaxBYy 53T 3z 4T 1744 = = 1598 1370 1298 1057 900 TAX 562 3804

Beoles: (1) Radius Or A From Table 6, Seclion 4.6
(2.} Tension Capacily Put Of Pua From Table 4 Saction 4.5
Table 10. Single Reduction Values For Various
Edge Distances In 4000 Psi Normal Weight Concrete

Reduction To Tenslion Capacity (Kips)

Tension Distance From Center Of Anchor To Free Edge (Inches)
Anchor Radius  Capacity?, De
Sire NW.C Kips Ale 05 10 15 20 25 30 35 40 45 50

¥ X 2% 1.330In 265 123 118 B85 0 0 i 0 o 7 0 1]
Yax 4% 1330 2.65 123 135 B5 0 L] ] i} Lt o i} o]
LEdly 1987 £.96 21T 242 232 147 0 o 0 L] i} 1] i}
houbly 1807 506 @TT e 222 147 O 0O O 0O 0 o 0
Yeudly 2188 A5 2001 — 182 122 53 0© 0 L] 0 i 0
Ludly 31848 946 4.0 464 381 291 184 BE a 0 0
adly  2EB 1060 493 — 459 363 282 155 D 0 0 0 0
%% 5%y 2661 10.60 433 — 450 363 282 185 0 2§ 0 0 o0
thxBY% 2861 10,60 48.3 450 383 262 155 O 0 0 0 o
LxB% 2681 1060 483 - 459 3BE1 2B2 155 O 0 o [ 0
%22, 2813 718 33 341 268 1B5 B0 0O 0 0 [ I
B x B8, 3327 16.55 7o - I75 658 53 4080 276 0O L 0 0
S x Bl 3327 16.56 o TTFS 668 538 400 27 0 Ll 0 0
Yoxd¥ 3250 8.71 452 - 400 390 212 1068 O 0 1] a
A x I, 3750 13.05 607 — 578 477 368 252 129 0 0 i}
oxdh, 4250 16.67 ms — THS 673 554 478 294 152 O a
YixdYy A5 23 65 mo — ~ 1035 892 T4 591 433 O 0 a
VoxbYy 3892 2386 1110 — — 1035 B892 744 591 233 O i} a
MixT¥y D092 Z38a8 ma — — 1035 B892 T44 8§81 433 0 a Q0
YoxB¥y 3002 2385 M0 - — 103% B92 V44 591 433 9 o a
T3ty 3813 13.43 24 — — BD4 502 382 276 151 0 0 i
LEdA¥y 4313 17.30 Bos - — BI15 TOD3 583 454 320 179 0 o
Hx5¥y S33 26.49 tk: - = 1324 1190 1049 899 T41 581 410 232
Uy W EYy 4657 a2 AT 1510 - — 1488 1324 1155 DEZ 803 619 428 @
hxT¥y 4857 X2 47 1510 = — 1488 13,24 1155 982 BO3 619 428 0
fhx 8%, 4857 247 1510 — = 1488 1324 1155 QA2 BO3 610 438 0

Notes: [1.) Radius Or R From Table 6, Section 4.6
{2.) Tension Capacily Puc or Pue From Table 4., Section 4.5
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Table 11. Single Reduction Values For Various Edge Distances
In 5000 Psi Normal Weight Concrele

Reduction To Tension Capacity (Kips)
Tension Distance From Center O Anchor To Free Edge (Inches)
Anchor  Radius Capacity ‘. Do

Size NW.CW Kips Alc 05 1.0 15 20 25 30 315 40 45 50
Wxdhy 1580 N0 265 1m0 1.1 58 0 Li] 0 ] 0 o 0 1]
MEdly 1180 265 o v 58 0 [i] (1] ] o (1] 1] ]
Kxdy, 1TB6 586 248 288 2142 130 O L] 1] 1] o (1] (1]
Wxbly 1.766 5.96 248 288 292 1.3 0 ! o o L L] L1}
Lx2ly 2188 484 201 - 204 138 5 0 0 0 o Li] (1]
WLxdl 3184 10.58 &40 = 519 428 325 217 100 0O 0 L] (1}
Vo mdly 2380 10,60 449 = 446 342 232 0 o o o 1] i
W x 5y 2,380 10.60 441 — a4 347 232 0 1] 0 o ] 0
Lubly 2380 NEd 440 — 446 342 212 0 6 o o 1] 0
Yy xBly 2380 1060 41 = ddg 342 232 O L] 0 L] 1] v}
e x 2ty 2813 BOO 333 — 381 258 207 B 0 00 (1] i i}
Yax by 2978 1656 638 — 760 B33 SO0 362 O o o (1] 0
o B¥y 2006 1656 638 — THD B33 500 362 O o o Li] 1]
¥y 3¥y 3250 1066 452 = = 448 347 237 1792 0 1] i i}
¥Nadhe TH0 1460 607 — —  BAT 534 412 282 145 0 1] i}
Yox 4%y 4250 1867 ges — = B8 TE} 620 479 a2 1710 L1}
Y. x 5%y 3511 23 85 o2 — — 1004 B4D BHE 522 250 O i (1]
Yox By 3571 23 81 082 - = 10,04 B49 EBE 522 350 0 1] 0
¥uT¥Hs 35T 2386 2992 = = 1004 A49 688 S22 350 O ] 0
¥ouB¥y 3571 2386 #2E — — 1004 54D 5BE 522 350 O ] 0
Tamd'he 2813 15.01 824 — — Gré 562 438 303 165 O 0 o
Taxd¥yy 4313 T35 805 — 812 T 652 L08 358 200 O 1]
Thxb¥, 5013 20683 1232 — — 148711331 173 006 B3 B850 459 260
T B¥, 4087 24T 1350 — — 14551276 1092 B04 709 500 O (1]
aE T¥, 4067 a2.47 1350 — — 14551276 1092 9004 TOR 509 O (1]
I E B, 46T 247 1350 — — 14851276 1082 o004 708 509 0 (1}

Moles: (1) Radies Or R From Table 8., Seclion 4.6
(&) Tension Capacity Puc or Pue From Table 4., Saction 4.5.

Table 12. Single Reduction Values For Various Edge
Distances In 3000 Psi All Lightweight Concrete

Reduction Te Tension Capacily (Kips)

Tension Distance From Center Of Anchor To Froe Edge (Inches)
Anchor  Radius Capacity '3, Oe

Size  ALWT'. Kips AMe 05 10 15 20 25 a0 35 40 45 50 325 &0

o

Ve w2y 2050 285 180 1.2 B4 42 O (1] 0 ] a 1] i [i] a
Ladiy 205 265 190 1.2 a4 42 0 1] i 0 (1} 0 1] (1} a
Mxdly 307 598 427 287 244 187 1M 61 0O a (1] (1] a (1] a
LBy 307 5 596 427 287 244 18T 1M 61 0 ] 1} (1] i (1} ]
Lady 218 281 M1 = 1.1 78 35 0 o 1] a (1] i 0 1]
Lxdl 319 6.15 440 - 302 248 189 12 50 O a 1] 1] 4] a
Ludly 4,10 1060 s - 4A7 408 333 2531 1BB 79 O 1] i (1]} 0
L u 5%, 4.0 10.60 -1 - 487 409 333 251 1BRE 79 O (1] ] (1} |
HuGY 4.0 10.60 58 — 482 409 333 253 "6 79 O 1] ] 0 0
LBl 410 1060 758 — 487 409 333 253 '6B T8 O (1] 1] (1] 0
Sxdy, 2.0 4 BB 333 — 221 173 120 B2 O i n 1] ] 1] i
% x6%, 512 666 MBE — 796 TOB A96 536 420 30 207 9S4 0O ] L
WuB¥ 512 1566 1188 = THE TOB BI6 B 420 31 207 84 0 1] 0
Nxd¥, 32X 631 457 - - 26D 207 138 £9 0 ] 1] | 1] [i]
L3, A5 848 60T = AT A 239 184 B4d- 0 L] 0 i} G
Ypnd¥y 425 1087 TAE = — 511 438 361 2ZTA& 181 100 0O 0o 1] 0
¥, u5%, 525 1686 1208 2 — — BED 740 657 561 460 354 244 126 O o
¥ub¥y 615 2386 170A - — 1084 976 865 T40 629 505 377 244 107 0O
¥,nT¥%y B.15 2286 1708 = — 1084 876 BES 74D 629 505 377 244 107 O
¥, x8%, G115 2386 1708 — — 1084 O7E 865 749 620 505 377 244 107 O
Tr 3y 381 BTZ 824 — = 393 327 255 1B0 9@ 0 1] 0 1} 0
Trd¥, 4.3 11.25 BE - — 530 457 379 286 208 1796 0O 1] ] L]
Laby, 55X 1722 122 = — BBl 7.74 BB2 SB5 4B3 ATB 267 152 O o
 x6%, 63 443 174 — — 12,86 1145 1050 Q48 RAA2 712 SR8 450 3125 185
Wk THy TAT APAT TS — - 1637 1404 1285 1185 1020 BAYT TAT 500 438 2
LxBY TAT 2247 F2H - - 1537 W14 1286 1155 1020 BAYT TAT 580 48 281

Moles: {1.) Radius Ow B From Table 6. Sactioh 46,
{2.) Tension Cagacity Puc Or Pue From Table 4. Soction 4.5
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Table 13. Single Reduction Values For Various Edge
Distances In 4000 Psi All Lightweight Concrete

Tension

Anchor  Radius Capacity 3./

Size  ALWT K:EI.E Alc oS
LEIYL 177N ) 164 120
Vaxdy 1.i7 2 B85 164 120
T 284 596 3ro 298
Ty n Bl & 55 598 a70 298
Ladly 218 125 200 =
Lxd 3.18 7.0 40 —
XAl 355 10.60 B5.T —
Uz ¥ 5% 355 10,60 &1 —
e n B 355 10,60 sy —

i x Bl E.55 16060 657 -
'|| L T 28 539 33 —
by x B, 444 168 55 e T

ow BV 4 44 16.56 027 =
¥ n 3y 3 T.28 452 —
e w3, 3.75 a.rs BF -
LB 425 12 65 B85 -
by 5%y 525 1948 12006

¥ x 6%y 532 231 856 147 8

¥ & ?J'"u:. 53z 23 85 147 9 =
L1 IB""-p 532 F385 147 6

e LT 38 1007 B2 d -
iy m Y, 431 12.98 B0S —
hox 5, 5.3 1987 183 -
B, 63 2818 T4l —
T, &M aAzar a3 —
W aBYy L 3247 a3 —

Reduciion To Tension Capacity (Kips)

mu-nﬁqmmmﬂlg:.lmh Free Edge {Inches)

1 1.5 20
M0

78
7a

240
240

1.37
A48
4.8
4.79
4.79
478
2.5
T 56
a8

Mabes: 1) Radius Of M Frosm Table 8, Sectjion 46
"2 Tensson Capagity Puc Or Pue From Table 4, Seclion 4.5,

Table 14. Single Reduction Values For Various Edge

a4

1.78
1.78

a2
2 66
4.00
400
400
4104

200
700
7.00

3.00
434
5 B
H.64
10.78
10.78
0.7

4.53
LR
a3

]

192
Ti2

40
218
347
317
= I
317

138
=859
54949

22
358
205
8.64
=N |
R |
B
377
52T
853

2.5

B RS A RS —
e ar®
B

BY OO0 OB = e B e B
EB305708 RR2 B3

Y
L]
]

B

1481 1344 12.
1534 13949 1261
1534 1399 1261 11,18

mﬁ oo oo

=4

g2z gEek

o2
428

T

=y
——
Lk L

713

2 0
aa
674
10.83
MAE

35 a0
L]
1] a
4] 0
o o
- I
o o
X 0
¥ 0
» 0
@B 0
i) 1]
272 154
272 154
0 o0
a7 o
221 1.14
231 o0
583 447
583 aar
GA3 447
193 0
240 134
557 435
26D BE2
8Tt aag
971 819

45 80 55

== I|:”:'.!'-'i'.""r!“"'?""l::I
o o oo oo
@@ nnnﬁ = - -T=T=1=1-N-1-0-

- =y

i

Distances In 5000 Psi All Lightweight Concrete
Reduction To Tenslon Capacily (Kips)
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Tonsian Distance From Center Of Anchor To Free Edge {Inches)

Anchor  Radius iy & De

Size  ALWT'.'  Kips AMc 05 10 15 20 25 30 35 40 45 S50 55 60 85
W2 2'e 1587 In 265 147 118 m M 0 0 o Q0 i 1] 0 1] o a
YLux4l% 1587 265 17T w8 5 M 0 O @ 0 0O O @ O o 0
Rrdly 2381 996 339 297 235 '8 97 0O O © © O O @ @ 0
Rx8% 238 596 X3 297 235 '68 &S 0 © O© O 0O © O O O
Y“Wx2% 2188 463 2000 — 15 102 4 0 O O ©O O © © © 0
wxdy a8 784 440 - 389 320 244 163 TS O O O ©O O © O
LRl 3174 060 588 -~ 474 380 299 208 106 O O O O © O O
wxEe, 3174 1060 588 — 474 38O 209 205 106 O 0 © O © O O
HLxBly 3174 1060 588 — 474 289 299 205 106 0O 0 O O O 0O O
a8l 3174 060 SBE — 474 2BD 289 205 108 O 0O O O © 0O 0
WAV 2813 600 333 -~ 285 224 158 & 0 ©0 0 ©O O ©O 0 O
Tab¥, 3968 1656 91B — 790 GAY 57O 467 349 22T 0 O O © 0 0O
%Wx8%, 3968 1656 916 TOO 687 570 467 349 227 O 2 o 0 0 0
L3, 32% B15 452 — — 3368 280 178 8 0O 0O 0O © O O ©
¥, x3e 3750 1088 607 — — 4B5 401 308 292 108 0 O © ©O O© O
Y, xdd, 4250 1415 7B5 — — 65 565 465 359 247128 0 O 0O O O
¥ % 5%, 5250 2176 1206 — — 1078 0656 B4R 724 554458 315 167 O O 0
¥ oxeY, 4761 23B6 1X23 - 1068 940 BOG A74 533389 238 ¢ L 0 i)
LxTh, 4761 23B6 1323 — — 1066 940 BOD 674 533389 238 O O O O
YxB¥, 4781 2386 1323 — — 1066 940 BO9 B74 533389 238 0 © 0 0
4 x3'hy 3613 MM 624 — — 507 422 329 232 ' 0 0 O © O O
Txdly 4213 1451 805 — — GB4 580 489 3B 26915 O 0O O 0 0O
px5%g 5313 2232 1232 — — 111 806 B80 TS5 B234B8 344 195 0 0O 0
haGhy 6313 353 174 — — 1634 1503 1186 12231074 910 750 502 419 238 O
hxT¥, 5555 3247 1801 — = 1522 1378 1229 1075 817 754 S5B8 413 234 0 0
a8l 5555 3247 1801 = — 522 1ITB1220 1075 BT 754 588 413 234 0 0

Matas: |1.) Fadies Or B From Table 6., Saction 4.6
12.) TEmsion Capacity Puc Or Pua From Table 4 | Ssction 4.5
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4.8.3 Use of Tables 9. through 14,

An cxample calculation for reduced capacily
of a headed anchor Tollows.

Case: Insert plate with 6 anchors, %5 % 6,
emboedded in 50008 normal weight concrete
for Figure 14. Find the reduced capacity of
the end anchors, A, and the full plaie
capacily.

A, From Table 4., section 4.5 lension capacily
of % x 6% anchor in 50008 concrete —
10.60 kips

B. From Table 6., section 46 spacing for
i x B anchor in normal weight con-
crete = R = 238 in. Min, spacing be-
tween anchors = 476" = 2R, Min,
spacing to free edge = 238" = A,

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

D, Spacing to edge in Figure 14, is 207 not
adequate for full capacity.

E. From Table 11, reduciion values in S000#
concrete, 207 distance o free edge, A
anchaors with 2 reductions.,

Pue = Pue — (232 = 2.32)
Pue = 10.60 — #.64
Pue = 596 kips = capacity ol A anchors

. Tolal capacily of inserl in tengion,

. Two anchors (A) with 2 reductions = 2 x

596 = 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 = "«5,,.}._-“4 = 22 52 Kips.
N

For additional sample problem see Seclion
7.0

=T DI

Anchors In Groups — A Note Of Caulion

In some connection designs, the use of
groups of headed siuds is guite prevalent,
These anchor groups use large numbers of
studs spaced 50 closely that full conical
areas cannot be developed, Examples of such
grouping of headed anchors are seen in
lurtine mounting plates, column-beam con-
neclions, shelf angles, nuclear containmaent
liner base rings, etc.

In these cases, whelher the anchor is sub-
et to a shear or temsion load, there is a
possibility that large numbers of headed an-
chors of the same embedment length may
cause the establishment of a shear plang in
the concrete. Fallure then occurs in the con-
crede in the form of & truncated pyramid as
shown in figure 15,

I e e e T I T by T T T T T T Y
I
LY #
L N
!k
= E

T o gy T S g e e e

l:'l_l:b'\. .

s,

SHEAR FLANE
FAILAFHT

FIGLIRE 15, — Shear Plane Failure

Usually, calculation of the anchor group on
the basis of individual anchors and their re-
ductions vields a low allowable load for the
conneclion. Calculation of the allowable
shear or lension load by using the surface
area of the fruncaled pyramid as Alc in the
formula Puc = € CK AfelTe should be made
as a check on the anchor group performance.
Problem Mo, 2 in the sample problem Sec-
ticn 7.0, shows this procedure, A higher
aliowable load wvalue using the fruncated
pyramid area calculation is acceptable, pro-
vided that sufficient secondary relnforce-
ment in the form of bars and/or mesh s
employed 10 increase the conneclion per-
formance into the ductile range,

It is far better to avoid the possibility of shoear
planes and reduced connection performance
by applying the fallowing corrective
Mizasures.

1. Change in anchor size

2. Change in anchor spacing

3. Placement of longer or shorer embed-
ment length headed anchors in the stud
pattern to disrupt the potlential shear plansa
effect

Fimally, & confirming calculation based on
group perlormance should be made on any
cluster of anchors where the spacing be-
tween anchors approaches the 2R minimum
suggesied for lension in Table 6. and for
shear in Table 16.



5.0 EMBEDMENT PROPERTIES OF

HEADED ANCHORS IN SHEAR
Ultimatle Embedded Shear Capacity

Shear capacities of embadded anchors have
been the subject ol numerous investigalions,
One study of Driscoll and Slutier™ ob-
sanviad Lhat a height=to-diameter ratio (H/Ds)
of 4 or more for headed anchors embedded
in normal weight concrete s sulficient to
develop full shear capacity. The stud height
is measured, after walding, from the top of
the head o the weld plate as the entire stud
resisls the shear force

Recenlly, Ollgaard, Slutter and Fisher'®!
conducted a delailed investigation of the
ghear capacilies of headoed anchors in bath
narmal and hghtwaightl concrete. This report
concluded that the ultimate shear capacity
of a headed, stud welded anchor can be
calculaled as:

EHE = ]_1% M l‘cﬂ-! Er.-_d.u
Restated in terms of psi as used throughout
this publication, the lollowing is derived:
Suc=BEE x 10YAs g I Eg o

Equation 10.
e ¢ )

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

e = 28 day concrete compressive sirengih,

psi

Ec = modulus of elasticity, psi, which may
ba calculated as:

Ec= W'533~/Tc  (ACI318-7T1 Section B.3.1)

where;
W= unit wenight ol concrata in pol

A typical load slip curve based on 34" di-
ameter studs from the referenced reporl is
shown in figure 16.

For engineering purposas, an ultimate
strength design equation representing a con-
servative value for the ambedded shoear ca-
pacity of a headed anchor may be stated as;

a0}

Lot
[=]

-
L=

EHEAR LOAD PER COMNNECTOR (kips)

Sug = ‘Jﬁ.ﬁﬁ % 10°* As Pet? Eol4d £ Syp
whnmﬁ = 0.B5

SuG = 566 x 10-* As 'c 02 Ec%4 5 Sup
{Equation 11.)

whitre:

E‘.ua-=The_ ultimate embedded shear ca-
pacity of a headed anchor which
cannot exceed 0.9 Asis,

Basically, the embadded shear capacity of a
headod anchor is dependent wupon the
following:

1. Concrele Properties
A. Weight
B. Compressive Strength
C. Modulus of elaslicity
2. Headed Anchor Size
A, Shank area (As)
B. Helght to diameter ratio (H/Ds)
3. Boundary Condilions
4. Anchor Spacing or Grouping

Table 15. shows siock anchor sizes and
their shear capacities in 145 pcl normal
weight concrete and 110 pof sand lightweight
concrele ol various densities.

Thasa capacitias are based an sufficient sur-
rounding concrete so that the full shear
strength may be developed.

The concrete weighls chosen for use in
Table 15 are among those most commonly
used in normal and lightweight calculations,
Actual shear capacies lof Concrela wn-lghte.
alher than shown may be calculated by using
Equation 11,

Shear capacily values for anchors embedded
in all lightweight concrete will be slightly
less than these shown in Tabla 15 Thea dif-
ference is slight enough, however, that the
use of the values shown for headed anchor
shear capacity in all typas of lightweight
concrete are acceplable,

—_—
—
 —

“— LIGHTWEIGHT CONCRETE

LR a2

0.3 o4 0.5

AVERAGE SLIP linches)
FIGLIRE 16, — Awerage Slip, Inches



Table 15. Full Embedment Shear Capacities Of Headed Anchors
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5.2 Spacing For Development Of Full Shear

Capacily.

Thaere are two basic failure modes for studs
subject to pure shear forces, In the first, the
concrete capacily exceeds (he anchor ca-
pacity and failure cccurs in the anchor, The
second failure mode occurs when the anchor
capacity exceeds the concrete capacity, From
the Oligaard, Slutter and Fisher invesiiga-
tion'®! failure occurs in & wedge shaped
section pulled from the concrele and is pra-
coeded by localizad crushing ahead of the
stud, bending im the stud and cracking ex-
tending at an angle from under the stud
head behind the stud to the concrele —
steal inlerface,

This failure is somewhal different from ihe
large conical type failures thal occur in
lension loading, and is relatively unaffected
by stud length or stud spacing as compared
with tension loading.
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Spacing 10 develop full shear capacity is
influenced by the following factors with
Casae B. assuming higher relative importance.

A, Spacing between anchors in @ group o
with regard (o boundary conditions on
anchors withoul & free edge in the direc-
lion of the shear force.

B. Spacing between anchors and distance
from a free edge of anchors al an edge
subject to shear lorce,

As long as the anchar has no free edge in
the direction of the shear force, Case A
applies, and spacings are governed by the
H/Ds ratio. A spacing equal to the ratio of
4.0 is satistactory lo develop the full poten-
tial shear capacity ol a headed anchor.
Table 16, which follows, shows the ful
Spacing requirements

Free adge conditions in the direction of the
shear force are coverad in Saction 5.3.2.



Table 16. Spacing For Full Shear Capacity Development
Of Stock Size Headed Anchors
Anchor Spacing (R) In Inches

Anchor Size  Ratio Normal, Sand Lightweight or All Lightweight Concrate
H/Ds 3000 psi 4000 psi 5000 psi
v x2', 1025 05 0.5 0.5
1 dhy 16.00 0.5 0.5 0.5
B % 4%, 1067 075 0.75 0.75
3y X 61 1600 075 0.75 0.75
% % 2% 4.00 1.00 1.00 100  Note:
1% x 31 BOD  1.00 1.00 100 R= Radius
% x4% B.00 1.00 1.00 1.00
1% X 5% 1037 1.00 1.00 100 :‘!'"‘m”"‘ SRR
W x B 1200 1.00 1.00 1.00 e Bingis anghor=
W X 8% 16.00  1.00 1.00 1.00 :
5 X 2V 4.00 125 195 195 2. Minimum spacing
5 % 6%, 1020  1.25 1.25 1.25 between anchors =
% xBY%, 1280 125 1.25 1.25 2R.
i & ¥ 4 .00 1.50 1.50 1.50 4. Minimum spacing,
a3, 4 67 1.50 1.50 1.50 center of anchor to
3 x A%, 5.33 1.50 1.50 1.50 free edge not
W X 9% 6.67 1.50 1.50 1.50 subject 1o shear =
I x 6% 8.00 1.50 1.50 1.50 1R.
3, % THg 933 150 1.50 1.50
I =% B¥a 1067 1.50 1.50 1.50
T x 315, o (W 1.75 1,75 1.75
Te % 4%, 457 175 1,75 1.75
Ty X 5%, T | 1.75 1,75 1.75
Ty X 6% 686 175 175 1.75
T % THe 800 175 1.75 1.75
Ty % B¥,q 914 175 1.75 1.75

5.3 Reduced Shear Capacily of Headed Anchors

5.3.1.Case A.—Boundary Condilions and Spac-

ing Belween Anchors Mol Sub-
ject lo a Free Edge Shear Force.

While the failure mode or geometry is dil-
ferenl, anchors under applied shear lorce
may be subject to reductions as are anchors
subject 1o tension, 3hear capacily may hawve

one, wo, three or four reductions due to
spacing between anchors in a group or due
o spacing o a free edge NOT in the direc-
tion of the shear force.

Figures 17., 18. and 19. illustrate the reduc-
tipns that may take place. Again, the con-
crete failure geomelry in shear is not conical,
but iz most conveniently illustrated by the
use of drawings similar to those used wilh
tension forces.

FIGURE 17.—QOne Reduction To Shear
Capacity,
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FIGURE 18.—Two Reductions to Shear
Capacily.

FIGURE 19— Three and Four Reductions
to Shear Capacity,

Mot that in all the cases shown, the anchors
are placed sulliciently far back from the free
adge in the direction of the shear force that
the shear edge condilion 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 reduclions to shear capacity ac-
cording 1o the lollowing formula.

RSue = Sue —[(_‘Ei)(ﬁuc)l "
&

{%}{Sucjy - elc.]]

(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 concrate
of 3000, 4000 and 5000 psi compressive
strengths and 110 pef lightwelght concrets
of the same strengths

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

Afc = Area of Tull cono
Apc = Area of partial cone



Table 17. Single Reduction Values To Shear Capacity For
Various Edge Distances In 145 pef Normal Weight Concrele
fc = 3000 psi

Reduclion To Shoar
Capacity (Kips)
Dislancs From Cenier 04
Shear . Anchor Te Frie Edge

Anchor Radius, Afc Capacily A Inches (DE)
Sire fin) (5q.in) Kips 05 180 15 20
Y x2'V 05 4 722 0O 8 0 0
v, x4Y% 05 7.4 222 0 6 0 o
Lady 075 55 498 209 0 o0 o
Ludy 07 55 408 29 0 o0 o0
by 0 2N 1.00 T a.gy 42T 0 [} L]
Wow 3% 1.00 &7 BaF 427 0 (1] L]
wxdly 100 9.7 BAT 427 0 0 @
¥ % B 1. oy BAT 43T 0 i a
1% % 61 1.00 87 BAT 427 0 & o
w8l 100 8.7 BET 42F 0 0 o
Ry 125 15.2 1385 — 504 0 i}
aBN. 135 182 1A% — 504 0 o0
oo By 1.82% 5.2 13608 x -1 1]
YL, x3%, 150 209 988 — 7 0 o0
My o N 1.50 2049 9.5 —_ TTB O [}
YL,udd, 150 209 10 0 - T O @
1 5% 1.50 208 15,54 - TTR O i}
¥, uBY¥y 150 209 w88 - 77 a0 0
Y n ¥y 1.50 G 199 s T o 1]
¥ xBY, 150 MG 19,945 — 7T OO0 0
RS 178 /0 T8 — 1142 06 o
T o A%, 1.75 M0 2r19 — 1142 A O
e x 595, 1.75 280 279 = M4 AdE O
Ll 1.75 280 L] — 1142 BD6 0§
X Ty 15 280 27.19 — 1142 A& 0
s B, 1.75% 280 2719 = N4z s o

Notes: 1. Radius Or B Froam Table 16, Section 5.2
2. Bhear Capacity Suc O See From Tabie 15 Seclion 5.1

Table 1B. Single Reduction Values To Shear Capacity For
Various Edge Distances In 145 pef Normal Weight Concrete
f'c = 4000 psi

Reduction To Shear
Capacity (Kips)
Distamce From Conber OF
Shear 't Anchor To Freo Edge

Anchor  Radiua ' Alc Capacily In Inches [De)
e fm)  (8q In)  (Kips) 05 10 18 248
Vi L P My 05 4 2 50 0 ] a a
Ve 05 24 284 a ] ] i
o m Al 0.5 55 574 243 © ] i
TanBy 078 55 579 243 O ] ]
L 1.00 a7 10,33 4897 O a 0
e m By 1.00 8.7 1033 497 0 0 f
b m A 100 a7 1033 4897 0 ] il
e 5%, 1.00 a7 10033 497 O ] a
X Gty 1.00 "y 1033 497 O 0 0
i x Bl 100 a7 13,33 87 O ] ]
Box 1.25 15.2 16,19 = 568 0 a
B B, 1.25 i5.2 16,19 L =T o o
iy x By 125 15.2 16,19 — &85 0 o
¥y w3 ¥, 1.50 0.8 d330 — QD& 0 o
¥ x 3y 1,50 0 Ak - G086 0O 0
¥, % 5%, 1.50 ik 2330 — 8906 0O O
¥y x By 1,50 200 23,30 : 506 0 i}
¥ xT¥ 1.50 M09 23.30 — B8 0 0
Y, xB¥., 1.50 p4 2330 - DO0E 0O O
5wy, 1.9% 280 316D — 13 a3 0
Th Ay 175 280 3160 — 130 838 0
. 1.75 20 31,69 = 1330 B3 0O
BB, 1.78 8.0 .68 - 1330 830 a0
T, 175 28.0 31.69 — 1330 83 0
T x B 175 M0 e8| = 1330 2% 0O

Bates: 1, Aadius Or A From Table 16, Saclion 5.2
2. Shear Capacily Suc Or Sue From Table 15, Saction 5.1
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Table 19. Single Reduction Values To Shear Capacity For
Various Edge Distances In 145 pecf Normal Weight Concrete
f'c = 5000 psi

Aeduction To Shear

Capacity (Kips)
Distanoe From Cenler OF

Shear . Anchar To Froe Edos

Anchor Radius'®.  Afe  Capacily In Inches (D}
Size () (Sg.im) (Kips) 05 10 15 20
Wa2'a 05 14 265 o a o o
W w Ay a8 2d 285 li] a o 1]
WHoadiy 075 55 505 2.0 0 F] o
Wbl 0.7s 54 5896 250 O o L]
W 2% 1,00 a7 10480 510 O (1] 1]
a0 AN 1.00 07 060 S10 0 0 0
hoadly 1.00 ay 10,60 510 O o i)
LS -1 1.00 T 1060 510 O o 1]
WAy .00 T 1040 $10 0 o [
i x A 1,040 a7 1080 510 0 i 1]
L 125 152 16,56 =  had 0O o
b m By 135 15.3 16 .56 — SB0 O L]
e ox Yy 125 152 16.56 — 580 D 1]
w3 = 209 2385 — 93 0 L]
ExdVa 150 2049 23 5 - G 0 o
Y, = d¥y LF- ] 200 FiBE — @3 0 1)
&, x5 150 L #3865 - a2 o o
¥, x B, 150 2009 FABE — BH O i
b oE Ty 150 208 2385 - @83 0 o
¥ xb¥, 1850 208 .06 - GX 0 D
Ry, 175 28.0 3247 — 1364 BB O
e x A, 175 280 247 = 1184 BT 0
te 1 By 175 280 3247 — 1384 86T ©
Ty % 6%y b5 280 47 — 1364 961 DO
nETHy 175 280 a2 47 — 1364 26 0
e & By 1.74 28.0 3247 — 1364 @& 0

Motes: 1. Aadius Or A Fram Table 18 Sachion 5.2
2. Snaar Capacsly Sug Or S From Table 15, Saciion 5.1

Table 20. Single Reduction Values To Shear Capacity For
Various Edge Distances In 110 pcf Lightweight Concrete

I'ec = 3000 psi
Reduciion Te Shiar
Capacity [Kips}
Distance From Cenber Of

Shear 2 Anchor To Free Edge

Anchor HRadies'.' Alc Capacily In Imches (De)
Sipe {En.) 15q. . [Kips) S 1.0 1.5 20

Va2 05 24 1.B5 0 o i ]
A dl 05 24 185 1] b 0 a
3w dY Q.75 54 4.14 174 O ] ]
1 x 6% 0.75 55 414 174 0 ] 0
%A% 1.00 87 7y 3ss 0O 0 a
vy 1,00 87 738 a5 0 @ 0
1 A% 1,00 .7 73 35 0 g0 0
v ox b, 1,00 8.7 7.8 a5 0 (1] i
% x 6% 1.00 67 7.39 355 0 o o0
1w B 1.00 By 7.5 3ss 0 (1] i]
a2, 125 18.2 11.57 — 408 0 O
L L 125 15.2 1.5 - 405 0o ]
Y, X 8Y, 1235 153 1157 —  4D5 O i
¥ W 1.540 208 1667 648 0O o
Rxan, 150 208 16 5T = 48 O ]
Va m A 1.50 209 1667 = A48 0 ]
¥, x8¥, 150 209 16.67 — 648 0 D
¥, x g 1.50 209 16,67 G648 0 o
¥ X T, 1.50 209 1867 — G 0 o
¥, x 8¥, 1540 0.9 1667 — 6H48 O ]
REdG, 105 28.0 I 6 = g82 6 D
T Ay 1.78 8.0 205 — @52 BT O
T 1 6%y 1.75 28.0 22 65 - g52 671 D
T = 65, 1.5 280 &2 66 - B2 G701 O
nxThs 178 2810 32 66 — §52 871 O
T m 8% 1.75 280 2466 - 8352 &1 0

Males. 1. Aadice O A Fegm Talle 16, Seclion 5.2
2. Shear Capacity Swec Or Sus From Table 15, Section 5.1
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Table 21. Single Reduction Values To Shear Capacily For
Various Edge Distances In 110 pef Lightweight Concrete
f'c = 4000 psi

AReduction Te Shear
Capacity [Kips}
Fram Center Of
Shear . Anchor To Froe Edge
Anchor Radius". Afc Capacily In Inches (Do
Sire (ln) (Sq.In) (Kipsh @05 40 15 20

L x2 . 08 FX ) 216 0

LR L 05 24 216 o

Yudy 075 545 483 209
e 5 Gy 075 85 483 2103
e X 1.00 ar nae 414
W%ox 3l 1.0 2y 861 404
Budly 1.00 8.7 BET 414
' 1 5%y 1.9 ar & .61 ERL!
Bl 1,00 8.7 BB 4,14
' x By 100 9.7 B d1d

W2 135 15.2 1340 =
Ty X B, 125 15.2 13.40 =3
e x 8%, 1.25 152 13,49 -

¥i m Hg 1 50 e 18,43 s

b ok ol b
e e It [ L [ S

bl . : b b CoOooDoDo OB 88
SEEBE REREREY Nad

EEEEE EBECO00 D00 OOCaSE 60 oo
CoOoOoD E2o000D0 O2S SS9 S00 Do oo

Ay N A" (-1 0.0 19.42 —
Yoadd, 150 209 1947
Y, k5%, 150 0O 942

Yo u B¥g 1.50 208 1047 —
:ﬁ K ?:flq. 1.50 i L 'Ig'.l‘.? _
i m B 1.50 208 19,42 -
'I.'i L] allllql 1 75 8.0 Hl"1 —
Ay .78 240 M4 -
LR 1.75 .0 2641 -
Y . 1.75 .0 A --
'.I'. L ‘I'F|. 1.75 H‘u 2841 =
TuxB¥y 175 BO 2641 — 1108 782

Motes: 1. Radius O R From Table 16, Saction 5.2
2. Bhoar Capacity Suc of Sue From Table 15 _ Section § 1

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

Reduciion To Shear
Capacily (Kips)
Distance From Cenler OF
Shear 7. Anchor To Free Edge
Anchor  Radius'', Afc  Capacity In bnchaa (Dhe

Bipe (i [(Sq.In) Eips 0% 106 15 20
Ve m @15, o8 24  za1 o [x] Q a
i, WA .5 24 a4 i 00 p
T x Al 075 55 841 22y 0 a 1]
% Yy 075 55 541 227 0 0 g
2% 1,00 a7 o064 a4 0O 0 g
T 1.00 a7 G964 484 0O 0
Yxdthy 100 87 o84 i6d 0 0 g
W X 5% 1 (4 aT 064 464 O L1} o
o6l 1.00 #7954 464 O g o
%l 1.00 87 964 464 0 0 g
Wax2'We 125 52 1510 39 0 0
i 5 By 1,28 152 1510 - 520 O i}
By 1.25 152 15190 - s 0O o
o2 34, 1560 208 213 i gds 0 0
Tuxd'hg 150 M9 7173 - Bas 0 1]
¥ x A8 1.50 2098 .73 . B45 0 1]
¥y 1 5% 1.50 2080 2173 - B4s 0 a
¥y W By 1.50 208 2173 - ga5 0 i
o Ty 1.50 e 73 = 848 0 i
¥ K B¥y 160 e N - g45 D o
WEd'Ya 175 M0 55 — 1241 BTS O
R 1.5 B0 2955 = 1241 B75 O
e ® 9% 1.75% 280 2085 = 1241 ATS O
L EL T 1.75 200 2855 — 1241 BTS O
e X Ty, 1.75 .0 985 — 1241 A75 @
TR EEY; 1.75 200 A5 = 1247 ATE D

Motes: 1. Radius Or A Fram Tabls 18 . Sl 5.2
2. Snear Capacity Suc OF Sue From Table 15, Seclion 5.4
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5.3.2 Case¢ B. — Free Edge in the Direclion of

SHEAR LODAD ikipsl

Shear Force

In many installation cases, the placement of
anchors close to a free edge subject 1o shear
lorces cannol be avoided. Naturally, the force
on the anchor in the direclion of the fres
edge causes failure of the concrele around
the anchor at loads less than the full shear
capacity {Suc) of the anchar,

Various sources'2,'0 have suggested thal the
capacity of an anchor under such conditions
may be calculated as:

A Suc =@ (25 Des— 3.5)

whera:

R Suc = Reduced Concrete shear capacity
P = .85 reduction factor

Des - digtance from free edge in the direc-
fion of load

This relationship provides a conservative esli-

mate of the anchor balance, as is stated in

the literature cited.

McMackin, Slutter and Fisher'?! found that
reduced shear capacity in 5000 psi normal
weight concrete is betler described by the
formula;

R Suc = Suc (Des-1) £ 0.9 Asls
Dy
(Equation 13.)

where

H Suc = Reduced concrele shear capacity

(kips)
Suc = Concrate shear capacity (Kips)
Des = distance shear edge (inches) 10 cen-
tar af stud
Ds < stud shank diameter (inches)
= stud shank area (inches?)
i5 = tensile strength of anchor steel

Figure 20. shows the plotted curves ol both

5.3.3 Dislance From Free Edge for Full Development

of Shear Capacity,

Equation 13., Section 5,3.2 must be modified
to reflect concrete compressive strength and
type as follows:

nsuc=3uc[M:ﬂi {_'L_ < Sue
HDS SO0

(Equation 14.)
where all functions remain the same and;
G = Constant for concrete type
Normal weight concrete ©=1.0
Sand lightweight concrete C = 0.85
. Al lightweight concrete C = 0.75
Fe= EP?Slﬁay concrele compressive strength,

Deas-1 '
when the | e C) f e
n the function EDS JEE T reaches

unity, the distance from the free edge subject
to shear force (Des) is adequate for the full
shear capacity of the anchor o be developed,

Table 23.. shows the minimum distance (Des)
from a free edge subject to shear lorce that
an anchor should be placed for full shear
capacity development.

Whan the distance an anchor is placed from
a free edge subject to shear force 15 less than
the full capacity distance shown in Table 23,
the shear capacity of the embedded anchor
is reduced accordingly. Tables 24. through
28, show the amount of reduction to full
capacity in kips for various distances to an
edge subject to shear force in 3, 4 and 5 ksi
concretes of normal and lightweight density,

FREE EDGE DISTANCE linches}

lormulas against test data. Equation 13. |
represents a more reliable eslimate of actual a
capacity. Des
m = —— T i
| E | Sy
ik
30— 0.1 &
Eu.ns.,t-sm(gi) —\y,-"--"'—— Ly
< HEADED CONCRETE ANCHOR
a0
10 — \—Eﬂ:squﬂiﬁﬂﬂﬂu-HEW}
8 e e Concrete
# ] Symbol Beam  Stud Size (psi) Type
I I I l l 'n =|.‘I ¥, = — =
0 7 4 B ] F: . B Kexei a0  bewr
® G U X AV," 5180 NWT

FIGURE 20.—Reduced Shear Capacity —
Free Edge Condition Subject

o Shear Force



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
Concrele 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

" Diam. 358in. 324in, 300in, 444in. 398in. 3.67in.

34" Diam, 487 436 4.00 6.16 5.47 5,00
%" Diam. 616 548 5.00 7.88 .96 6.33
5" Diam. 745 660 6.00 9,60 B.45 7,87
3" Digm. 874  7.72 7.00 11.42 9,94 9,00

" Deam, 10.03 8.84 8.00 13.04 11.43 10.33

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

Shaar 11, Raducilon to Shear Capacily (Kips)
knchor  Capacity Distance trom Cenler ol Anchar Te Frew Edge (Des) in Inches
Sioe Kips 15 20 25 30 35 40 45 50 S5 BO &5 TO 75 B0 @S 20 B85 100

L 2.2 LTS 137 084 051 09

ox 4y 2% 178 137 084 051 09

3 x4 488 434 373 208 241 178 142 044

1B 4 9§ 434 173 3056 241 176 112 044

x I T 48 BTE G603 531 450 386 313 241 188 095 023
W%ox Ay B.E7 801 715 630 543 457 371 A6 ZOD 114 OZR
byl Lo am TA5 630 543 457 AT 288 200 114 028
Wow B aay B TS BI0 B43 457 3T 26 200 114 o029
oy BAT BOT 7.5 B30 543 457 371 288 200 104 028
% By BAT BOT 715 630 543 45T A7 288 200 194 0oA

B 1295 1121 1027 933 B38 TAS B50 556 462 268 273 179 08
Y x A 1280 1281 11.74 1066 958 851 743 635 528 420 313 205 067
b 1 8%y 1388 9281 074 1066 058 851 743 835 528 420 313 Z0A 007

Yo w3y 1741 1629 1516 1404 1281 11,79 1066 954 841 720 617 504 297 279 187 054
Haxdthy 1999 AT 1747 16.12 1483 1353 1224 1095 668 AT 708 579 4% 321 192 08
¥ox A% 1999 1870 1741 1612 1483 1353 1224 1095 666 BIT 708 579 450 321 192 083
¥ x 5%y 1989 TAT0 1741 1612 1483 1353 1224 1098 666 BIT TOA STY 450 31 187 083
¥, x 6%y 1880 1870 1741 1612 483 1353 1224 1085 666 BIT TOR 579 450 3121 187 063
Yo o T 1080 1870 1741 1612 1483 1353 12,24 1085 6606 837 708 579 450 371 102 0&
¥ouB¥y 1958 1870 1741 1692 14.83 1353 1224 1095 E68 BAT TOB 570 450 121 152 0EY

4
WRdthe 2427 2283 2150 2024 1890 17.56 16.21 1487 1352 1218 1083 940 B11 6B B45 412 DT 1.43 000
T x ¥y T8 2MER 2498 22ET 2117 1666 1R.16 1680 1818 1364 1214 1083 913 782 812 461 311 180 010
i = B, 2718 Z5EB M8 2267 21.17 1986 18.16 1660 1515 1364 1294 1294 9913 TE? BT 461 311 180 Q10
e = iy I719 2568 M08 22ET 2117 1066 18.16 1660 15.15 1384 1294 1204 913 TEF 617 461 411 160 010
hxThy TG 2568 2498 2287 2197 19.66 18.16 1650 1515 1364 1214 1294 913 TE2 612 461 111 160 010
h B .18 2588 3416 2267 21.17 19,68 16,16 18,60 1895 1364 1214 1214 913 TED B2 461 311 160 010

1. Shear Capacity (Suc) from Tablio 15, Section 5.1; whem Suc = Sus, Sus Cantrols
Example: Roduced Shear Capacity of 8 % x 614" Hoaded Anchar 3.0° from a shear odge in 3000 pel NWT Concrebe = 4 98 — 241 = 2 57 Kips



Table 25. Reduclion Values To Shear Capacily For Anchors

Subject To Free
I'c = 4000, Normal

Shear 1,/
Anchor Capacity

Shear Force
gight Concrate

Reductione lo Shesr Capacily (Kips)
Distance from Center of Anchor 1o Fres Edge [Des] bn inches

Sire [T 1) 15 20 285 30 35 40 45 50 55 60 B85 7O TS RO BS
2" 250 201 144 DASE 027
e ATy 258 2 144 085 027
Nudly 5TD 493 407 320 234 148 0@
W kB e 493 407 I 234 148 0O
% x 2 ary TTE GTT S80 487 385 287 190 Do92
% xd% 1033 ST 803 GAT &M 458 340 235 V.00
©oxdly 1033 997 803 BAET 571 458 340 224 109
i ou Gy 1033 917 803 B8 571 456 34D 225 109
W n B 1033 84T B0 BAT STV 456 34D 225 .09
oo B 1033 A7 B3 68Y 571 458 340 225 100
a2, 147 1200 17648 1037 990 784 657 530 L404 277 1.80 024
i x B¥yg 1615 T4 T4 IR 11 85 1041 B85 TS B0 461 A8 1,72 02T
5 ¥ B¥, 1819 T474 1320 1185 1041 8595 T8 808 4617 398 1.72 027
¥oxin, 20,39 TBTT 1735 1564 1453 1279 11.28 975 B2 B2 59 368 216 084
¥rdis, a3 2158 1983 1800 1636 1462 1288 1115 941 768 684 471 247073
Yaxd¥yy 23 2156 1963 1809 16,3 1463 1288 1115 B4 TEE 584 421 AT OTA
L™ 33 2156 1963 1809 1638 1482 1288 1115 G471 TEE 504 42 24T 0T
1 ¥y Faa 2156 1983 1809 16,36 1462 1288 11.15 941 TH8 554 471 247 073
¥ox T 233 2158 108 1809 1635 1467 1288 1115 D41 THRE 5084 42 PaT 0TI
¥ 1 B¥y 233 F1.56 10083 1808 1636 1462 1288 1115 941 T80 5594 421 247073
Wy 2A28 2647 2467 2286 21106 1925 17.44 15684 1A A3 1202 10,22 847 651 £.80 200 1.6
T m ¥, 3169 HET 2T 64 FHET FIED 2157 1955 1753 1551 1348 1145 G473 741 538 336 134
ThES¥y  MBD POAT ITH4 2562 FAED 2157 19585 1783 1551 1348 1145 947 741 538 336 194
WEE¥y  IVED  ZODAT IV A4 2562 ZAGD 21.57 1955 1753 1557 13,48 1145 P4 741 SAA 138 134
T Ty A ED 2067 2764 2562 FAIED M 5T 1955 1753 16887 1348 1145 D43 741 588 336 134
R a1 68 SBET 2T 64 2567 JAB0 P57 1855 1753 1551 1348 1145 G943 741 538 336 154

Motas 1. Shenr Capacily [Sec) from Tablé 15, Secleen 5.1, Where Suc -~ See. Sue Controls

Table 26. Reduclion Values To Shear Capacily For Anchors
Subject To Free Edge Shear Force
f'c = 5000, Normal Weight

Heduction To Shear Capacity (Kips)

Shear 1.
Anchor  Capacity Distanee From Center Of Anchor To Free Edge (Des) In Inches
Siiw (Kips) 1.5 20 25 30 35 a0 45 &0 55 6O B5 70 75
T m 2 e 265 199 13X 066

o WA 266 188 13 066

S 506 497 3187 298 190 059

1.1 08 4467 B 200 180 059

b w2t B75 BE3 731 609 48T 366 244 132

s m 3 WEl 92T 785 662 530 207 2485 1@

e 080 BFT 795 66 530 157 285 1.3

s n By e 62 o5 A& A3 AHT 1@ v

b miliy WEl 927 785 A6} 530 197 IEs LA

e W B W 827 7HE 662 530 19T 285 10D

S K 1586 WET 1268 M0 95F TEI A4 4TE 34T 150

Lo i 1658 1400 %325 1159 004 BDY B6F 4857 33 166

b m Yy G5 M0 1325 1159 B B 662 487 AN 168

T X 3y FREE  Ee2 9.0 T2 52 1AM 141 9% THE1 O5TD 3IA0 180

Lxdll,  FIEE 21 BT 1968 1769 1501 1302 1161 904 7O 896 398 104

¥, x4, ZABE AT 19ER WTEY 1597 1352 1183 084 705 596 198 108

4 % 5%, ZIBE 2167 1988 A7TE9 1581 1262 1183 994 T8 596 398 182

b m B, 2386 2187 19BB 17RO 1501 1302 1183 S84 THS 596 398 104

Yo m T 2386 2187 1968 1Y 1507 1302 1183 084 TES 596 398 108

¥ x B, ZIRE X187 19BR TS 1601 1302 1193 984 TS 506 308 189

pxIG  I1ES 239 2703 MAT 2261 2035 1009 1582 1386 1130 904 678 457 236
o 5 A XAT D045 ITHEI 3551 2310 JOBT 10551621 1302 1160 998 G056 464 232
5 x5y 24T 3095 ITE3 551 X300 2067 18551623 1302 1160 028 gO6 464 200
o 1 0%, AT Mas FTEY S XR18 AT MWMES 165 1352 1160 A8 BOE 464 232
3 7 3247 304S 7 B3 3551 2340 2087 1855 18.23 1362 1160 928 G5 464 232
e B A247 3045 2TE3 2551 2300 20.67 1055 16.23 13902 1160 928 BO6 464 202

Maoles: 1 Shear Capacky (Suc) From Table 15, Section 5.1, Whare Sue
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Table 27. Reduction Values To Shear Capacily For

Anchors Subject To Free Edge Shear Force

'e = 3000, Lightweight

Bhaar i !
Ayl ﬂihldll' Diwtarase From Canlet OF Asschor To Free Fage (Des) b achi
Bupe | Mg 15 20 25 314 35 40 Af S0 55 A0 &5 7O TS RO BE WA RS 10 8% W0 MRS 100 iES TR
T F "B LT ]
R e TS 1B 13 YO OTE OS5 D
Bl LR 3HM 38 3% P84 zod v Fe (3 oD RN DY
iy Bl d bd dFa 33 0 FRd ODHA AT 104 Ghe A8y A1
s fi 24 $7% 530 48R 443 8T 383 20T Fém 2 1P 93 OB 038
L T E5S B27 57A 43 4™ 40F 383 30 7EE 707 i40 008 fai
Ve A . B85 BIZ 5TH &34 AT 417 383 290 EBE FOF 4% O o4
bru iy TX 235 A37 ATE S &7 47 383 290 255 ZO2 v49 O Qa
el L] BES BIF STA 534 AT 497 AAS 190 FSE FOF w48 oA pa
Taliy T B85 A3 ATH R ETY 497 3AY A0 258 207 n4% of gad
e L e 53 AR BIE TTT TR A% @G00 543 4B 4 2488 300 AR KBRS &M G0
Ve B, FLE? 08D 0FN 065 SB3 A TEd @ams 600 S5 4B 408 150 2AY FoE e Om doe
S u By 157 900D 07N DAE AR A1 TE4 mRL B9 ST 4B A0E 150 2AEY of wed OB Ooe
u, W i, tASS  BABE 13 LE ERAT 10 R 006 1038 BES ASd AP TE] AED A A& AT 390 I 256 VAT 147 048
L LT PEET RS BE NS08 M2S 1740 NFEN VI ED T0F W R BED TP AN &8 537 458 ITE POS F4d 1 h% G043
LT IBEF  ASBE P08 BERE 1040 EFEY TEEI iA0F 0 R4 AE) FTE G008 &8 837 455 ATE POL 14 141 05)
g a Sk, 18 &F EEBL ERO8 RS 1344 PPEF 1183 1007 03T 4t AEY TR GO &18 £37 455 ATE 285 Fi4 133 053
i, n iy 186G ERDE PROE BLFS 1044 1RED 178 1107 03T Gan 080 TR ORE E1E L57 454 ITE FOL 34 133 083
5w Ty 1667 1ADE LRO08 BATE 1344 TTED 1183 1107 103 fdY AE) TTR BBE A1E 537 4% 3 2BE 214 133 043
N By 18T FREE PRDE BLTE 1344 1ED 1183 107 3 B4 80 TP GBE AqE S 454 AN S 74 1My OmY
WRA'e  MR2D TROAR PESE AT IO WABE 1800 1R 08 1435 1351 V28T 108D POBG OGS A% Baf TES ETY S0 517 &TE R&L TED 1 0e O8F GON
sy F0a D1 TE JONE DAL R0 178 (TP 1A08 A5 6L FAR0 N30 RFIR 11 3R 1043 B4R A TES BT T3 &M AEL 3di 187 103 008
™ FBE TR OTE vhhd VRS0 1TEE TOT 1608 A5 EE 140 1306 1732 013 1040 BER BSS TEZ &4T ST 4TF AES 204 180 @) 008
L1 I8 T TR TRDL CEO0 VTS TOP 10D V50 1430 1338 1232 113 1040 BAT BSS TEZ A&7 5TY 4 3IES EON 0@ 10D 0@
LA F286 IVTI JOTE VRD4 TERD 1788 1703 1808 1506 1430 1238 1207 1 1040 B4T BSE TED AET ATY 4T 18 261 KT 10 0D
T B s MNMTEITE YL AN 1T W07 0 TN TG 1330 §ROT 1138 1040 B REE TAF BET ATI 4™ &Y o4 14F 103 ADS

Hogen 1 Shear Capacey (5001 From Tibke 15, Sechan 81

Table 28. Reduction Values To Shear Capacily For Anchors
Subject To Free Edge Shear Force
f'e = 4000, Lightweight

Reduction To Shasr Capeoiy (Kipi)
atance From Cendsi 04 Anikar To Froe Edge (Dea] in Inches
i3 38 35 20 A5 40 43 S0 A% EQ &5 70 7S AQ A5 a4 9%
T L8 107 BT 034
M}y S 10F 8T 034
43 31T AF 6T 2EY iS5 108 45
430 37 33 BET ZEY 158 i8S A5
OES A0S 543 4B 42 381 100 3% 17R OPAT oS8
THE TIET A44 572 SDS 438 348 280 2171 M O&T
THE THT 844 873 540 429 235 281 211 138 04T
THR TAY Bad 872 SO0 470 255 283 291 1308 QAT
TER TAT B4 A7 500 478 3RS 243 290 138 04T
TEy TAT B4 BTR SO0 43 XSS DAY 2r 139 08T
i E Ty 180 107 105 940 AEd THE TS AP SaF 48T IM 308 2 15 0T
iy B, 1349 13I8 1167 WOTT REY ADE A0S % B2 53 444 AN P83 TP OAF
LE 188 TH INET 10TT RET ADE BEY TS G73 B4 444 X853 AN 177 OED
Yo Wy GRS 0 00 1404 1319 1334 NI 100 B3P A4E TH0 454 S5 afd 3B ZTA 179 GBM
R 1982 183N 9735 1608 1508 rRER TR0 1IET 10TY BES ASE TAT 638 L0 472 313 205 06
¥y mdy TORAT VAN ATIS 000 1500 130 1290 TRED 1T BES ASE TAT &% A0 47 113 7O5 098
T 05Ny TH&ET TAXE ATIS G606 1500 13 EFOD 1182 10T RGE BASE TAT &3 A3 437 3198 208 098
¥ n Gy AT VAN NTIS NGOG G00 1309 K200 11AD 1073 &S ASE TAT B39 30 4 NN DOR 058
00 T, PRAT BRI YOS MODG VB0 1399 1205 1183 07 65 A TAT B 5N 43 3% 508 o5
¥ox B, 1RAT BRI YT 25 MUODE THO08 13980 1200 1AF 0TI GES 0% TAT B &AM 422 3A1Y 208 OB
LN ZLET  ER 7039 2018 VRO 700 18T 1S AE N8N 1340 1237 P14 M0G0 AS8 FPL AEF Lab a4aF
T w A, DEA)  TRA EREL XFEY 3N 2008 188D 1754 BEDE TRCY 1375 ERER 1132 0 ABE T4 606 A0S
(o MAT FAE FREE FRAN 20 M08 TAED VP ME2E AE02 1375 i3k 113 4 aoe TAF 606 4BE
Yy W Mdt FEE FIEA CXREE 21 ¥ 2008 1RED 1755 PEDN 502 1278 k4R 13T P8 ASR T GG LB
iy ® Ty M1 IS8 CFLEA T @ 200N THEY 1T 1ER RERD2 1ATS 1240 MEF A AN TAT 61§ AEE
e By Ml e AR 6N F0E 200 BAT 1TSS 1B 1SR 1A TS 13 12 B BB T &18 LB

Baten 1 SPaws Capacily [Suci From Tebls 15 . Seoekoe 5.9 Weere Suc « Sus, S Condngls.

H

103 19.% 1.0



Table 29. Reduction Values To Shear Capacity For
Anchors Subject To Free Edge Shear Force
f'c = 5000, Lightweight

Aeduciicn To Shear Capscly [Kipi)

Ehewt
£y (Enksnee Frosm Conter OF Anchar To Free Dodge (D] bn eched
[ {Kipaj 1% FO ®3 30 34 40 45 5O S5 &0 BRSPS TE A0 A5 RO AS w0

=™ zan 1 151 106 D00 Q14
.Il+-l ;'-l" 1 o |‘|:-| ||'_'-_I o 1%
LA | Body 4Tk a4aps 338 Ty PO 135 DEA
% nE% LT 473 408 333 2TE 203 135 QA
T K11 TAT A6 S D8 433 ASE 279 200 T DM
At B AYd TEI AE) GOF 57 a3 3A: 241 151 06D
Yk A -l afa TE} &8} GO0OF SER 433 330 J41 15% OBD
e xS 2ikd a7d THEL EUY AOF BE? 47T IM 241 157 O&D
e & B T sT4 TE3 GG @02 597 4FF 31 47 157 08D
e & Wi 3z T4 TR GO A0F 547 42 33 T4 157 Gad
UYL 133 §207 M1 Z 034 92% EM 737 AIT M 4¥ AW 3N 1R 0¥
oy 1% 98 §507 V2R YLD 10T Bad BADD TAT &4 AN TV ZBE 131 GOA
vy w A 1590 347 12AY 1hTD ST Bed B30 ToT &04 49T T TEE 1S o
13 [-1=1! 17 AT JAEN 545 140 KX07T 188 10 851 A3 TR BW 4% 34 FM 119
A L 2am 097 10061 1788 165y S404 1388 1377 B0AT 051 AN A7 Sd) &7 TTX 1MW
¥, 5 AN 4 R AT S 1P 80 M BE 10.5R 1277 WY S5t BV AT &) 407 TTF 128
CRCE M. AT 10 TReE pRAD Jd 0 1358 FEEF 08T WS B RS EM &4 407 2T 1M
¥, i, ok W | 03T 10N 1700 bR 1404 1358 ¢ EF 10AT WS Al ETR B43 A7 ITF 1M
i, 1 Ty 191 BT PRON 1708 30 AR 1258 9222 10T RS1 A0S ATh 543 407 272 104
i, o Bk, 1T 20T TROY FTGE W30 1484 rRBE 1232 1087 BA1 BN BN 541 40T 3TR L0
Goadiv, DEET  Dedd 3RS 3FED BT VB3N 9T 1648 14 OF %66 120 MIEY 94T A0 450 518 1 235 M
b 0 3354 PEAT 260 JMAD A7 MG POOS VA4T 1EES 1530 1372 (2R 084 ART TN S&) 43 28 FDO
Poki, BG5S 07 2638 2480 2137 216 P0OS 1847 1EER 1530 (ATE 1204 0SS AET 7TIH SE add 28L& 0O
Ty m g 055 ITHT MR PAS0 XIET M O) 006 1847 vE AR 1530 TITE 1204 1055 BET T B 40 JES i08
3 M Tl M &5 IT G M8 das0 X33 M 83 0% AT B 1530 L3 FF 1294 10585 ART 708 S8 433 24 108
e u B, v L ITOT M0 MAG X33 A O0S ERAT 10488 1524 TArE 16,74 S BET TR B 435 JEE LG
Wabsi | ‘Shear Capecily {Suwd] From Tabie 15 Sodtan 5.0 WhaHe St - e Sue Control
5.3.4 Spacing Between Anchors at A Free Edge b placed closer to the edge than the distance
Subject to Shear Force, indicated, the shear capacity is reduced by

amaunts shown in Tables 24, through 27
Saction 5.3.3. outlined the distances from a 9

trec edge subject to shear force that an Figure 21, below, shows a lypical concrete
anchor should be placed for full shear capa- failure mode for an anchor with an edge
city development. The distances (Des) are distance less than required for full capacity
symmarized n Tabla 23, Should the anchor dievelopmant

FIGURE 21, —Specimens AZ-7 and AZ2-B9,
¥ x 4%," Anchors, Subject
to Pura Shear, 6" From Free
Edge.
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Mote that the fallure geometry remains rough-
ly conical in nature. The surface area of the
lailure approximates an isosceles triangle, so
that the spacing needed between headed
anchors along a free edge s equal to twice
the depth of embedment of the anchor,

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

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

Shear Edge Stud Spacing = E{Daf. * :]

Wi

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

O = Stud diametar in inches

Table 30. which follows shows the reguired
spacing between anchors placed at a free
edge s0 that their full potential shear capa-
city may ba obtained,

FIGURE 22, —Geometry of Free Edge Shear
Failure,

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

[

-2}

o

E Cenler-lo-Cenler Spacing of Anchors In Inches

e Ancher Diameler (Da)

= R S A .

E 15 a5 538 390 962 I am
20 4325 436 450 467 475 488

v 25 825 E38 550 562 575 568

o a0 625 0 63 ES0 0 BE2 GTS 6ed

= 35 725 738 7850 782 775  70M

(1] 40 825 8.38 650 nE2 875 &.8a
&5 938 G50 26962 2978 9B

E 50 103 1080 1062 1075 088

e 55 1138 19150 MNME 1175 1188

o 1] 1238 1250 1282 12768 17288

[ B 5 1350 1362 1375 1388

[ 70 1450 14682 1475 1488

E T 5 1550 1582 1875 1588

= B 1662 167§ 1588

€ BS5 1762 1775 1788

= a0 1862 1RTS 1B8B

- o5 1962 1978 1988

o 100 2075 2088

E oG 21.7% 2188
1.0 2XTE 2B

= 15 2188

(] 120 24 88
125 35 B8R

E 13.0 26 88

(e

ar

[4]

£

B

Jn

(=]



5.3.5.Reduction in Shear Capacity Due lo Free

Edge Spacing.

From Table 30., Section 534, il becomes
abwvious that the spacings between anchors
at a free edge subject 1o shear force can
easily sxcead the spacings required bebwesn
studs for shear capacily development when
they are nol influenced by the free edge
shear condilion,

In most applications, the anchors are spaced
more closely together than required by the
free edge, shear force condition. Accardingly,
a reduction to the shear capacily must be
taken, This reduction s directly proportional
o the reduction in surface area,

Figureg 23, & 24, shows typical reductions to
Iree edge shear capacily.

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

2 (Dgy * D2

FIGURE 24— Double Reduction 1o Frees
Edge Shear Spacing.

There can be a maximum of two reductions
to free edge shear capacity. The reduction to
free adge shear capacity may be expressed
as:

- L 05 x¥
R Suc = Suc — Sus (Deg + SIEF]H

(Equation 15.)
wheire:
R Suc = Reduced shear capacity. kips
Suc = Free edge shear capacity, kips from
Tables 24, through 29,

X = Distance reduced from full center-to-
center spacing, incheas.

D, = Distance from shear edge to cenler
of stud, inches

D5 = Diamater af stud shank, inches

N = Mumber of reductions [one or twao)

When headed anchors are placed close
gnough o a iree edge so that the conical
development area overlaps the [ree edge,
reduction in capacily due 1o spacing along
the free edge may be ignored. The reduction
in shear capacity due to cone overlap gov-
ams. Figure 25, illustrales such a case.

FREE EDGE CONE OVERLAF

FIGURE 25 —Reduced Shear Capacity at
Free Edge Due 1o Cane
Cverlap.

EXAMPLE: Determine the shear capacity of
an embedment plate with four (4) % x 61}
headed anchors attached, anchors spaced on
4" centers, 3" from free edge and sides of
concrete member. Concrele compressive
strength: 4000 psi normal weight. No sub-
reinforcement usad.



FIGURE 26. — Top View
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FIGLIRE 27— Front Wiew.

STEP 1. Full shear capacity per anchor
Table 15, 4000 psi MW, concrate

10,33 kipslanchor
4 anchors

AT 32 nips

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

AR=10
—
2.0 (407 Actual)
(Mo overlap condition exists)
Mo Reduction

STEP 3, Distance required from center of
anchor to free edge subject to
shear force,

Table 23. 548" required, 3.0" actual, reduc-
Hon necessary,

Table 25. Reduction for 3" edge distance
= 5.71 kipsfanchor.

Total reduction = 4 £ 5.71 = 22.84 kips

STEP 4. Spacing  between anchors along
a free edge subject 10 shear force.

Tablq_:r 30. Required spacing * 6.50", actual
spacing — 4.0.

A. Anchors, spacing o side of member — 3°,
required = 850 or 3.25
2

A reduction = 0.25" one sida.
Spacing to adjacent anchor = 400", re-
quired = £.50", reduction X =
6.50 — 4,00 = 1.25"
2

B. Anchors, 2 reductions, X = 1.258%

Calculation: Equation 15., Amount of reduction

A, Anchors, 10.33 ?‘,m-ﬁ 1;2’.5;:!]? ‘

10.33 0.5 t‘i 294 _
794 kips/A, Anchor

B. Anchors, 10.33 S L1251°

1:]_3:] ?‘. slzﬁl-‘ld -
1.53 Kips/B. Anchor

Total Reduction 2 = 794 = 1.588
Z2x153=306

4 548
STEP 5. Total Capacity of Connection

Full Capacity 41.32 kips
Step 2. Reduction 0 kips
atep 3, Reduction -22.84 Kips
Step 4. Reduction -4 B5 Kips
Capacity = 13.83 13.83 kips
Allowable load == 5 = 6.92 Kips

Failure mode predicted: Concrele. The need
tor sub-reinforcement at the free edge lo
Increase conneclion capacity is indicated to
prevent failure.

This connection should also be calculated
uzing the anchors 85 a group. For a typical
example of & group calculation see example
problam Mo. 2., Seclion 7.

Recommeandation: Add edge reinforcemeant,



6.0 EMBEDMENT PROPERTIES OF
ANCHORS — COMBINED SHEAR —
TENSION LOADING.

In many cases, headed anchors embadded in
concrete are subject 1o combined shear and
tension forces. These loadings may be de-
liberately applied or may be the resull of a
resolution of forces acting upon the anchors.

As s evident from the preceeding sections of
this publication, the embedment spacings for
tension are the most critical and will contral
the insert plate design in most cases of com-
bined loading,

One of the prime objectives of the Lehigh
report'2! was the determination of anchor
performance when subject lo combined load-
ings. Delails on the method of force appli-
cation, results, etc, are available in that repart
as published in the ALSC JOURNAL
Copes ane available from MNelson Stud Weld-
ing, Both full embadment and parial embed-
ment anchors were investigated with loadings
in pure shear, pure tension, 30° shear-ten-
sion and 60° shear-tension.

All of the anchoars lested exhibited excellant
ductility prior to fallure either in the stud or
failure of the concrete. Figure 28. shows
typical spacimen ductility.

The t@st results are summarized in Table 31,

FIGLIRE 28— Beam
Parlial Embedmeant Specimen, Combined
Loading at 60°, Normal Weight Concrele.

Table 31, Combined Loading Tesl Results

Type of Losding  UStimabe Load {Kigs)  Failue
Symbol Badm Slied Sled Conerdls Typs Mo (pal] Purs Tenslon - 0" Tedalon  Bhaar Miide
& i Nl Mohmal Waeight | 52TD Tarabon Fo- LT ]
i A WET Morveal Waighd 52T Tansion A8 Shusd
& A al Madmdl Waight 52T Tandson 280 i
i A ¥x7  MormalWelghl 530 Comsened 300 = - 1. Shest]
& A . Bltrmal Waighd 527D Comsdned 300 237 1378 Shual
' A RET Mol Weight 5270 Combarad 60° 128 1.3 Shud
& A Mal Bl Waight 52T Cambarsid 6" "y 212 Seud
& A T Moamal Weighl 53D Comibsarse B0 134 8 i
L] ] LuA Bl Waighi 2000 Tansaan LN Concrsls
] ) Hmah Mormal Waight  4bdh Cayrmbare W)* 330 15 L= |
] B wEB Fdos il W hi Ly r] Combsrasd G} 13 30 5 S8ud
5 14 ] WaT All Lighlwsigit 5300 Tansasn a7 Exud
& ] Rl All Lighbwsigt! 53500 Crmbarnd " -t 154 Cacafeiat il
& o T Al Lig byt B30 Caombsrsgs 61" 108 154 St
o o ¥l Al Lighbessgtl 5300 Tartinan a0 il
@ o ¥,u8 Al Lightweight 5300 Tenson 2.8 Conorile
1] i ] ¥zl All Lightweighl 5300 Comberad 30 216 iza Slua
E] ] g | All Lightwedgil 5300 Combinad 30" 19 A 118 Concela
13 o LR ] Al Lightwsdgii 5300 Combined 60" 126 20 Stu
= 2] waul All Lightwesighi 53500 Cambined 80° 133 A Cahcials
] B Yomd Fcemal Waight  &000 Cambined 3° mr 108 Concrebe
L] ] Moud Minieedl Weigh 4000 Coimibinasd 30 176 oA Cononele
] B Yyud Moreal Waight 4B Combinad 3° iv4 108 Concnats
" B Yomd Miaimal Waight 8800 Combined BT 126 A st
L] B Homd Mormal Weight 4800 Cambined 6" 104 1684 Canchols
u (5] M4 Mol Wasghd 4500 Combinasd GO 10 8o Con:rete
= c Y, owd Mcemal Waight  STE0 Tarmios 185 e riblin
L c Wowd MNoemal Weighi  B1B3 Torinion 185 Concreie
- [ Yy xd Mormal Weighs 5180 Tormios ira CaEmzrete
L] c Gud Fosmal Waighi i 8. a Cambinad X* 38 L] Caoncrnie
L [ = md Moemal Waeight  BTBEQ Cambined 30 185 28 Carcrong
w [ Wud Moemal Waight  BERG Cambined 30° 14 L1 Consralo
Ll [ oed Mdmal Waight  5TBQ Combingd B0 126 ] Saudl
. C Yud Mormal Walght  B180 Crambni B0 a0 18 i ilia
L] [+ a4 Pl ‘Wi ha S4BD Caomibinoed 6 120 212 Siud



Pure shear force loadings were taken from a
previous report by Ollgaard, Slutter and
Fisher.'®! Both concrete and anchors had
comparable properties lo those used in this
sludy.

The formulae found 1o provide the best fit for
the test data are;

Full Embedmant
{Fu.f.nlh5 5/3 + sumﬂ)ﬁm =1
FufAs {S‘u.f.-ﬂ-s
where:
FPu = Applied tension load
Su = Applied shear load
Fu = Tengile capacity of the anchor
. Ig {Area x tensile strength)
5'u = Shear capacily of the anchor
6.6 x 103 Ag I'n 9.3 Eco #4
< Sue
wheri:
Ag = area of the headed anchaor
Iy = 28 day concrete compressive strength,
Psi
Eg = concrete modulus of elasticity, psi

TENSION LOAD/A, (ksi)

Partial Embedment

— ¥ == =1
P A T

Ug

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

Puc = C Aj. VT =

0.55 CLe {Le + Dy} vTc 5P
{See Equation 5.)

e

Curves derived from the formulae and plotted
dagainsl lest data are shown in Figure 20,

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

Providing a better design relationship to the
curves shown in Figure 29., a reduction factor
for witimate strengih design of 0.9 for full
embadment anchors and 0.85 lor partial em-
bedment anchors yields the following design
tormulae and design curves.

mﬂ

NORMAL WEIGHT FULL EMBEDMENT
NORMAL WEIGHT PARTIAL EMBEDMENT

LIGHTWEIGHT FULL EMBEDMENT

80 100

SHEAR LOAD/A, (ksi)

FIGLIRE 28.— Combined Loading — Fonmu-
lae Versus Test Cata



6.1 Full Embedmenl — Combined Loading De-

TENSION LOAD kil

sign Data.

F'u 5.-'3 # Eu 5.-":] <1
Pu Su
bt
Py = Applied tension load
51-' = Applied shear load
Fu = Tensile capacity of the anchor = 0.9 Aglg

{Equation 16.)

5'u = Shear capacity of the anchor =
D9 x666x 107 A I'c ECOM 509 Ag 1g
Terms as préviously defined.

Equation 16, is the formula which provides
the best ultimate strength design under all
conditicns of combined |oading for full em-
bedment anchaors in both normal and Hght-
weight concrafe

RO

ml

FULL EMHEDMENT

EHEAR LOAD (kai)

FIGLRE 30, —Interaction Design Curva.
Combined Loading of Full Embadmeant
Anchors in Normal Weight Concrete

IIZI]L

2
T

TENSION LOAD {ksi)
™
P

NORMAL WEIGHT CONCHRETE

B.2

T

TENSION LOAD (usi)

Partial Embedmenl — Combined Loading De-
sign Data.

Applying an ullimate strength design reduc-
tion factor of 085 to the partial embedment
case, the design lormula for this case may be
laken as:

5

(pu m(su )5ms1

Pug Ug
(Equation 17.)

where:

Py = Applied tension foad

Sy = Applied shear load

Pye = Ullimate concrete  tension  capacity,
kips = 0475 C Le (Le + Dp)VTc
< 0.85 Aglg

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

S.66 x 107 Ag gt M Ect s S0B5 Ag Ty

LIGHTWEIGHT CONCRETE
FULL EMBEDMENT

SHCAR LOAD lkeil

FIGURE 31.—Interaction Design Curve.

Combined Loading of Full Embadment
Anchors in Lightweight Concrete

HORMAL WLIGHT CONCRETE-
PARTIAL CMOEDMENT

"NOTE: FOR PARTIAL EMBEDMENT VALLUES
N LIGHTWEIGHT CONCRETE, REDUCE THE
MORAMAL WEIGHT COMCRETE FIGURES
OETAINED FROM THIS CURVE WITH THE
FOLLOWING C FACTORS:

ALL LIGHTWEIGHT CONCRETE
SANDED LIGHTWEIGHT CONCRITE

C=0.15
C=085

FIGURE 32 . —Imeraction Design Curve,

SHEAR LOAD (e



6.3 Use of Design Curves for Combined Loading inch {K5I1) 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 fellowing table is lor conversion
either be stated in terms of kips per square PUFPOSas,

Table 32. Conversion Table — KSI To KIPS

K5l KIPS
Anchor Diameter (Ds) and Area (As)
m = Illll.“l m - %JI u‘ = 1{"‘“ m = !"r.n D‘ = ".I'I._ m = "lllll.iu
Kips/Sq.In. | As-.0481 As=-.1104 As~.1964 As- 3068 As- 4418 As - 6013

2 0.10 0.22 0.29 0.61 0.58 120

1 0.20 0.44 0.79 1.23 1.77 241

B 029 0.66 1.18 1.84 265 3.61

8 D.39 0.88 1.59 2.45 353 4.81
10 0.49 1.10 1.96 3.07 4.42 6.01
12 0.59 1.32 2.36 368 5.30 722
14 0.69 1.58 375 4.30 6.18 B.42
16 0.78 1.77 314 4.91 7.07 8.62
18 0.88 1.99 3.54 5.52 7.95 10.82
20 0.98 2.21 3.93 6.14 B.84 12.03
22 1.08 2.43 4.33 6.75 972 13.23
24 1.18 2.65 4. 7.36 10.60 14.43
26 1.27 2.87 8.1 7.98 11.49 15,63
28 137 309 5.50 8.59 1237 16.84
30 1.47 3.31 5.88 9.20 13.25 18.04
3z 1.57 3.53 6.28 982 14,14 19,24
34 1.67 3.7H G.68 10.43 15.02 2044
36 1.76 397 7.07 11.04 15.90 21,65
38 1.86 420 7.46 i1.66 16.79 22.85
a0 1.96 4.42 7.86 12.27 17.67 24.05
42 206 4.64 825 12.89 18.56 2525
44 218 4 .86 864 13.50 19,44 2646
46 2.25 508 8.03 14.11 20,32 27.66
48 2.35 3.30 943 1473 21.21 28.86
S0 245 5.62 9.82 15.34 2208 30.07
52 2.55 5.74 10.21 1595 22.97 31.27
54 265 5.95 10.60 16.56 23.86 247

39



7.0 Example Problems

r!'1

Prablems showing applications invalving
shear, tension and combined shear-tension
are included in this section. While back-
ground data and formulag constilule a large
partion ol this publication, actual problems
may be readily salved after familiarization by
reference to the examples given and to im-
porant 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, —3pacing for Full Tension GCa-
pacily Development. Pg. 12,

TABLE v.—Partial & Full Shear Cone Areas
for Partial Embedment Anchors.

Pg. 15.

TABLES 9. through 14.

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

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

TABLE 10— 4000 Psi Normal Waeight
Concrele, Pg, 17,

TABLE 11.— 5000 Psi Marmal Weight
Concrale. Pg. 18.

TABLE 12.— 3000 Psi All Lightweight
Concrete, Pg. 18,

TABLE 13.— 4000 Psi All Lightweight
Concrete. Pg. 18.

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 Full Shear Capacity
Development of Anchors. Pg, 23,

TABLES 17 through 22,

Single Reduction Values to Shear Capacity of
Embedded Anchors for Vanous Edge Dis-
lances by Concrete Type and Strenglh. (Re-
duction due 1o Spacing).

TABLE17.—3000 Psi Mormal Weight Con-
crete, (145 pel density), Pg. 25,

TABLE 18 —4000 Psi MNormal Weight Con-
crete, (145 pef densily), Pg. 25,

TABLE 19.—5000 Psi Normal Weight Con-
crete. (145 pcf density). Pg. 26.

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

TABLE 21.—4000 Psi Lightweight Con-
crete. (110 pet density). Pg. 27.

TABLE 22 —5000 Psi Lightweight Con-
crete. (110 pof 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 1o Shear Capacity
for vanous Edge Distances for Anchors Sub-
ject to Free Edge Shear by Concrele Type
and Strength,

TABLE 24, —3000 Psi Normal Weight
Concrele. Pg. 29,

TABLE 25.—4000 Psi Mormal Weight
Concrete, Pg. 30.

TABLE 26.— 5000 Psi Mormal Waight
Concrete, Pg. 30,

TABLE 27.— 3000 Psi Lightwaight
Concrete. Pg. 31.

TABLE 28.—4000 Psi Lightweight
Concrete. Pg. 31.

TABLE 28.— 5000 Psi Lightweight
Concrete, Pg, 32,

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

Combined Shear — Tenslon

FIGURE 30— Design  Interaction Curve for
Full Embedment Anchors in
Normal Weight Concrete. Pg. 38.

FIGURE 31.—Design Interaction Curve for
Full Embedment Anchors in
Lightweight Concrete. Pyg. 38,

FIGURE 32.—Design Interaction Curve for
Partial Embedment Anchors
in Mormal Weight Concrete

Pg. 38.

TABLE 32 — Conversion Table ksi 1o kips.
Pg. 39.



Problem 1.

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

Anchors = 3" x 73"
Concrete = I'c = 4000 psi
MNormal Waeight

Anchor Capacity fram Table 4 = 23 86 = Pue

Anchor Spacing Required from Table 6. =
R = 3992~
2
7.984" Dia.
Spacing shown exceeds requirements.

Capacily = B Anchors x 23,86 Kips/Anchor =
1809 Kips

Using a load factor of 2.0
Allowable Laad Pu = IEHE}.H =495 4 Kips

Problem 2.

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

Anchors = 34" x 73"
e = 4000 psi
Mormal weight

41

Anchor Capacity from Table 4. = 23.86 = Pue
Anchor Spacing Required from Table 6. =
R = 3,092

2
7.984" Call 8.00" Dia.
Spacing shown does not mest reguiraments.

4 Corner Anchors {Anchor Al Have two
reductions

4 Imterior Anchors (Anchor B.) Have three
raduciions,

De
(Distance to edge) =_3: center spacing= 2.00"

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
T

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

Problem 2. — Check tension load by group
calculation:

Areg = A,"‘E-ﬂl.:r"‘ EAH+AI

_:;_1 Ay = AFC (Area of Full Cone)

from Table 10. AFC = 111.0 8q. im,




Ay = Area of end between end anchors
(2) (4) V' (R-r)7 + Le?
(2] (4)~/[3 992-625)¢ * 6.6252 = 59.5 5q. in.

AP T A A

Ay = Area of side

{2) (12) ~{R-n7 + Le?
2 (12) ~[3.992-625)2 + 6.625¢ = 178.4 84, in.

Ay = Area of base
4 (12) = 48 sq.in.
Area = 2968 50 in.
H i
T
]
Lg
|
==

Solution: Full cone for 3;" x 7¥," anchor in
4000 psi normal weight concrete from Table
10.= 111 s5q. in.
B anchors on plale
“BBH sq. in. Theoretical Area

396.9 Actual Area _
eoretical Area

A47 (B anchors x 23.86 Kips/Anchor) =
8532 Kips - 42 7 Kips Allowable Load
T P

Mote: The use of a group area calculation
should be made in lension capacilly
problems whenever the anchors in the
group have areas less than or equal
o the minimum acceplable spacing of
R or 2A az listed in Table 6,

The use of a larger capacily il cal-
culated by the group area method is
acceplable only when sufficient re-
infarceament in the form of bars or
mesh is used lo assure the group area
development,

Problem 3.

Determing the allowable shear load for an
aembadmeant platée with 6 anchors spaced as
shown. Eccentricity is negligible,

Anchors = 3" x 430"
Concrete = {'c = 3000 psi
Mormal weight

Anchor Capacity
from Table 15,
Spacing for Full Capacity R=1.50"
from Table 16, ]
300"

Suc = 19.99 Kips

Spacing shown does nol mest requirements

4 Corner Anchors (Anchor &)
Have 2 reductions.

2 Interior Anchors [Anchor B.)
Hawve 3 reductions,

Reduced Capacily due 1o an edge distance
of 1" from Table 17. = 7.78 Kips
RSuc = 4 (19.99-2 (7.78) } = 17.72

&

2(19.99-3 (7.78) ) ==6.70
= 11.02 Kips

Allowable load = 11,02 = 5.51 Kips
2

Anticipated failure mode = Concrete (sec-
andary reinforcemant neadead)



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

Using the same area approach as usad with
the tension group in Problem 2., the lollow-
ing shear group calculalion can be made.

Area = Ay + 28, + 28, + A,

A, = Area of corners (4) = Alg
from Table 17. for 3000 psi normal
weight
Al = 209 sq. in.

Az = Area of end between anchors
(2) (1) V(15-6257+ 30°=  G.25sq. in.
Mote: 30" = Le = Maximum of 4 x Dia. Stud

Ag = Area of side
(2) (4) V(1.5-625)2+ 3.0 = 250sq. in.

Ay = Area of Base

4% 1= 4.0 54}, ‘iﬂ.
BER--RIE
Solution: Actual Area = 56.15 2q. in,
Thearetical Area = 6 anchors x Afc
Gx209=
125.4 5q.in.
56.16
E4 = A48
448 (6 anchors x 19.99 kips/anchaor) =
53.73 Kips
Allowable Load = 53.73 = 26.87 Kips
2

The larger figure arrived at by group cal-
culalion 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 73"
Concrete = fic = 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,

Fu=5§q

from Table 6., spacing
tor full tension capacity = 4 610R
2

9220
De = 4,0%

from Table 9., tension reductions = 3.698 Kips
RPuc = [23.86-(2) 3697 = 16.48 Kips

from Table 17.. shear reductions = 0 Kips
RSuc =[19.98-0] = 19.99 Kips

Tension Comna
Controls

82—

{Since interior anchors are not stressed in
tenzion, they are considerad to have the same
value as the outside anchors).

Equation 16,

{Eu. "-":+{_,51-=,_ %5 a1
Puc Suc

Su/B Y L f Sw 3 mq
(o8)" - (3)

Su% (7.59 x 10°9)%; + (8.34 x 10-) 5% = 1

SV = OG0T
Sut, = 1569 86
Su = B2 8 Kips

Allowable Load = B2.8 = 41.4 Kips
2

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

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

Anchors = 34" x T3,"
Concrete = 'c = 3000 psi
Mormal weight

Shear force taken by sach anchor = Su

Bending taken only by the ouiside anchors

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

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

From Table 6. spacing for full tension ca-
pacity 4 610" = R



8.0 STANDARD SPECIFICATIONS

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

Welding Specifications — All weld plate ma-
terials shall be clean, dry and free of paint,
rust, oll 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 ype and thickness being
used for embedmaeant at the start of each shift
to check for proper weld selup procedure.
Test wealding should be done in the same
position being used for production, Test

From Table 9., tension reductions
Do = 4.0, 3.69 Kips
Dwe = 3.0, 6.61 Kips
RPuc =[23.86-(3.69 + 6.61)] = 13.56 Kips

From Table 17., shear reductions (none)
De = 40,0 Kips
De = 30, 0 Kips

RSuc =[ Suc]= 19.89 Kips

Equation 16,

Pu (S_U:]E"'! =1
(F"u:: " \Buc

wlds, after cooling, should be bent by ham-
mer 45° from the verlical position without
failure. Mon-failure of both studs indicates
that the weld setup is satisfactory and pro-
duction welding may be started,

Inspection Requirements — After walding, the
ceramic ferrule should be removed from each
stud and the weld fillet visually inspected, A
fillet of less than 360" is cause for further
inspection. Such studs should be hammer
tested, bending the stud 15" from the vertical
foward the closest end of the embedment

plate or steel member. Bending withoul fail-
ure indicates a satisfactory weld. Bent studs

(Sufa)*#n 4 (Euiﬁ.)”l =
13.56 16.99 may be left bant,

Sus, (822 x 10985 + (834 x 10-%, =1 When studs are welded 1o steel plates or

mambers with temperatures below 32° F.,

Sufy = L one stud in each 100 should be tested by

. : bending 15 from the vertical. Waming —
Su¥, = 1335.11 Welding should not be attempted when the
Su = 75.2 Kips base metal temperalure s below 0° F. or

when the steel surface is wel or exposed to

Allowable load = 75,2 = 37.6 Kips £ ;
. falling rain or snow

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

TABLE 33.
Steel Plale
Weld Base Plate
Diameter | Thickness
250 % (.125)
375 ¥.p 187}
500 ¥s (187)
B25 1% [.250)
ol e (.318)
B75 3, (.275)

Minimum Plate Thickness Required For
Full Strength Stud Weld 122

44



9.0 STANDARD STOCK ANCHOR DIMENSIONS, ACCESSORIES AND RECOMMENDED EQUIPMENT

n S
Stud
Dia. Length, B.W. Length, A.W.

Part No. Descriplion D A H (Before Weld) (After Weld) Le
101-053-031 | Wx 2 HAL | vy 187 500 2, 2%, 2y
101-053-033 | 1 x 414 H4L 4%, 4 2 Yia
101-053-043 | 3, x 4%, HAL n 281 750 a1 4 A2,
101-053-045 | A x 6% H4L 6% 6 53,
101-053-047 | ' x 27, HAL % 312 1.000 21 2 1114
101-053-002 | % x 315 H4L 3% 3 21y
101-053-003 | 5 x 415 H4L 414 4 3,
101-053-005 | % x 55,5 HAL 55is 5%, 474
101-053-008 | ' x 6% H4L BY, & 511,
101-053-010 | 1% x 8%, H4L Bl & FAL
101-053-012 | 5, x 21, HAL | & 312 1.250 21, 2% 2%
101-053-019 | 54 x 635 H4L 6%, B, 6%
1'}"{'53'023 5}?' x 'E':!l"m. H4L ] 33;":5 ] ?I.!j'f
101-008-003 | 3, x 3%, 53L ¥, Min. 3% | 1.250 3¥,, 3 25,
101-098-007 | 3, x 4%, S3L 4%, 4 35
101-098-011 Yo x 5% SIL ¥ 2 A5y
101-098-015 | 3 % 6%, S3L 6%, 8 4
1071-098-019 | 3, = T3 S3L g T 63
101-098-023 | 3, x BY,, S3L B¥g ] 7%
101-098-029 | 74 x 37, S3L T Min. % | 1.375 vy, 3% 3
1071-098-031 'FI.';!_ X 45,|':|.¢ S-EL d'a.l"lu. 4 3%
101-098-035 | 74 » 5%, S3L 530 5 4%
101-088-039 | 74 % 6%, S3L 6% 6 2%y
101-098-043 | 74 x 7%, S3L e 7 R
101-098-D47 | 74 x BY,, S3L 8%, 8 TS50
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Stud Fillet | Use Ferrule |
Diameter | Radius Mumber Grip Foot Chuck
Y 125R | 100-106-001 | 501-004-003 | 502-002-001 | 500-001-014
!f"'u 250R8 100-106-002 | 501 -004-006 | 502-002-001 | 500-001-018
WRS—— % 250R | 100-103-009 | 501-004-008 | 502-002-001 | 500-D01-085
FILLET OF AMGLE AT5R | 100-103-011 | 501 -004-008 | S02-002-001 | 500-001-085
5% AT5R | 100-106-005 | 501 -004-000 | S02-002-002 | 500-001-088
. A75R 100-106-004 | 501 -004-014 | 502-002-002 | 500-001-088
&N AT5H 100-106-004 | 501 -004-014 | 502-002-002 | 500-001-088
TS0R 100-103-012 | 501-004-014 | 502-002-002 | 500-001-088
Stud Use Ferrule
Diameter Number Grip Fool Chuck
WELDING TO Y 100-101-006 | 501-004-003 | 502-002-001 | 500-001-014
FLAT SURFACES L 100-101-008 | 501-004-006 | 502-002-001 |500-001-018
15 100-101-010 | 501-004-008 al2-002-001 H00-001-085
e 100-101-012 | 501-004-009 | S02-002-002 | S00-001-088
A 100-101-043 | 501-004-019 | 502-002-009 |500-001-088
- 2 b 100-101-140 | 501-004-020 | S02-002-000 | S00-001-091
WELMMG TO
ot i Stud Use Ferrule
Diameler Mumber Grip Fool Chuck
A "Special
¥a 100-105-001 | 501-003-008 | 502-002-001 | 500-001-018
T 100-105-002 | 501-003-010 D02 =002 =1 S00-001-085
Fiar Specal e 100-105-003 | 5071 -004-005 502-002-002 | 500-001-008
Feiinled coalac]
your Nelspn
Fatld EAgineei

RECOMMENDED EQUIPMENT
& ACCESSORIES:

POWER RECOMMENDATIONS:

For Welding 14, 3% or

MELSOM MN5-20-Stud

Ly Dia. Studs o

A00 Ampere N.E.M.A,
Rated Generator of

For Studs 14 through
" Diamater

Welding Unil
{Part Mo, 799-015-000)

OPFTIOMAL TRANGUIL-ARC

Kit is recommended for use

with 799-015-000 system whein
welding ¥

and " diameter

MELSOM NS-204 HD Stud

For Sluds 24" & 74"
Diametar

Welding Unit
(Part Mo, 799-340-000)

a6

Flat Surfaces

For Welding %' thru
""" Dia. Studs i Fillet
Heel or Flat of Angle

MELSOMN Battery Umil

MELSON 2000-A
Power Wik or Equal

BO0 Ampere M.E.M.A.
Rated Generator
ar Equal

Seweds in Fillet or

For Welding %" Dha. I
Heel of Angla
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OTROS PRODUCTOS DE ALCOR EN ARGENTINA

STEEL DECK - ALCOR

Shiemas de placad colaborsanten. En etaps constroctiva ey encedradn perdida v platafomnas de
trakiafn, 1 tequiers, &7 valores tabulados, apuntalimiento tempotal, pemmitiendo tabajar en
riweles amuianeod. Froves relueris postive por fleddn 3 le lods & elape sstnactural, de
neteiitar anmadana de traccidn. Funciona oo dlabmagrna pars cargas horeont sk po T
o chapa (cal 24 & TH) y huoes de apoyn, admite solirecangst sdmivibles 000 kpfm?

Subamag {rris Yot

FERNOS AUTOSOLDARLES - MELSDN

L eshracturas scend: Rorimlpdn, #bos. peonos de corte rasmsen ¢l coime horsontal o L ks de
hrmigln, permitendo que tabajen como una sl unidsd, L alts resistencls del pems
Incrernenta la capacidad de carga admisible v reduce hasta un J0% s wecckon g soes ne
cetaia por L colaloriion del hammigon como o compdlmeda. En cana de urans sbeel deck,
el poldads de etos perncs puede realizare o rndy de La chapa,

Fuaren Fuseren v mma

PASADORES FARA JUMTAS DE DILATACION - ANCON

Evitan duplicacin de estruciums en juntas de dilstacidn v epecuckin de méndulss o machim
boes. afotan, Transfieren coute cfecthamente y permilen movimisntos entre kotas. Exkiten
madthor p/mevimisnios bderccionales, perpendculans y paaldios a la jueia, Se colocan
facimente simplificands & procedimisnto consirucTive

T b o it | L B, B Pl

FEAMDS PARA PLINFOMNADD - HALFEM

Armnachata de cortants y punronamients. [ ke planss reemplazan al capited en calumea y
al armacko de eLrnR, Garaelize wna schec s trarderencia de e eEhoibos de punsonsdo,
evilanda la habitual “contaminackin” de acedn de ewtritioy, con el consiguilente esgo de nidey
& P o £y b P die haimigan

ALCOR S.A.
Sanchez de Bustamante 1818 9° D (1425) Buenos Aires - Tel. / Fax: 4821 0500
web: www.alcor.com.ar - e-mail: info@alcor.com.ar





