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PURPOSE OF CALCULATION:

Design the components of an anchorage system for the Holte¢ HI-Storm 100SA used fuel storage casks that
will be used at the Diablo Canyon Nuclear Power Plant.
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ENGINEERING CALCULATION REVISION SUMMARY
REVISION NO. DATE DESCRIPTION
0 3/28/01 Initial issue.
1 6/27/01 Upgraded from a sizing calculation to a final design
calculation. Added more detail and addressed
reviewers comments. Revised version of Appendix B
used and revision of Holtec report for design input
loads. Calculation revised in its entirety. No revision
bars shown. Added appendices DOC-1 and DOC-2.
2 11/21/01 Made minor grammar and punctuation corrections.
Revision reflects conformance to alternate criteria
specified by the ACI 349-97 code for A36, that is more
appropriate for this material. Incorporated latest
3 revision of the Holtec cask report.
12/14/01 Revised references 4.1.3 and 4.1.4 to latest rev. no.
Change is not substantive. Corrected typos this page.
e 4 01/02/03 All sheets revised to rev. 4 due to pagination.
Substantive revisions are to the anchor plate size on
sheet 22, and concrete pull out sheets 24 to 28.
5 03/11/03 All sheets show a new revision number. Revised the
calculation for shear and shear friction, sheets 24 to 29.
CALCULATION SHEET REVISION STATUS
SHEET NO. REVISION NO. SHEET NO. REVISION NO.
All sheets upgraded to 1 3,11 3
Revision 1
All sheets 4
3-6,9and 11 2 5
2027 > All sheets
APPENDIX AND ATTACHMENT REVISION STATUS
APPENDIX NO. REVISION NO. ATTACHMENT NO. REVISION NO.
DOC-1 2 N/A N/A
DOC-2 2
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ZA

REVIEW SUMMARY SHEET
( Enercon Services, Inc. Corporate Standard Procedure # 3.01 paragraph 4.6)

Method of Review:

The changes made in revision 4 of the calculation have been independently reviewed in accordance with
the requirements of ENERCON Corporate Standard Procedure 3.01. The independent verification of the
calculation was performed by a detailed review and check of the entire calculation including a check of
the impact of the changes on the remaining portions of the calculation. This included verification of
inputs, methodology, results and conclusions as well as a check of the mathematical accuracy of the
computations.

Results:

The calculation has been independently verified to be mathematically correct and to be performed in
accordance with license and design basis requirements and applicable codes. Inputs are appropriate and
are obtained from verified source documents. The calculation is sufficiently documented and detailed to
permit independent verification. No assumptions are made other than conservative simplifying
assumptions which are identified and do not require confirmation. The methodology used is appropriate
and consistent with the purpose of the calculation

The rods, couplings, bearing plates and other hardware detailed in the calculation and on drawings PGE-
009-SK-301 and PGE-009-SK-302 have been demonstrated by the analysis documented in the
calculation to be adequate to transfer the loads of the HI-STORM cask to the slab of the spent fuel
storage facility. The design has been shown to be in compliance with the design and license basis
requirements and to be adequate for the Hosgri and Long Term Seismic Program seismic events. In
addition, the embedment support structure has been shown to meet all requirements with regard to
strength, ductility, stiffness and factors of safety.

Thus, the design is compliant with all technical and license basis requirements at Diablo Canyon Power
Plant. In addition, the results and conclusions accurately reflect the findings of the calculation. Thus,
the embedment support structure design is adequate and compliant with all requirements.
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PROBLEM STATEMENT

The purpose of this calculation is to design the components of an anchorage system for the
Holtec HI-Storm 100A used fuel storage casks that will be used at the Diablo Canyon Nuclear
Power Plant. This anchorage system is called the Embedment Support Structure. The used fuel
storage casks are part of an Independent Spent Fuel Storage Installation that will be used to store
irradiated used fuel.

The anchorage system will be embedded in the concrete cask storage pads at the Independent
Spent Fuel Storage Installation site. This calculation identifies load paths and predicts member
performance to determine member sizes and details.

The anchorage system is to provide the following:

. a level surface for the cask to sit upon.
o sixteen (16) receptacles for (16) - 2 inch diameter anchorage studs.
. strength to deliver applied cask loads due to external events to the concrete pad.
INPUT REQUIREMENTS
Assumptions
None
Design Data
Materials

The plates and bars are to be made from ASTM A-36 material.

The receptacles into which the anchor studs thread are to be SA 516 Grade 70, per Holtec
requirements (See Ref. 4.1.4, pg A-5).

The concrete cask storage pad compressive strength is to be 5000 psi.

The spring rate of the round anchor bars is 1.898¢6 1b./in. (Ref. 4.1.4, Table 1, pg. 23 and sheet
A-8).

Applied loads

Loads from Holtec report HI-2012618, (Ref. 4.1.4) are as follows (These loads are from analyses
for the Hosgri and Long Term Seismic Program seismic events):
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e Maximum Net Interface Shear Force is 515 kip (See ref., pg. 9). This is the largest vector
sum of the applied shears at the base of the cask.

e Maximum applied Tensile Load in Embedment Anchor Rods is 62.13 kip (See ref. pg. 9)

e Cask Anchor Stud Preload is 157 kip (See ref, pg. 19)

Distance from pad surface to C.G. of cask is 118.5 inches (See ref., pg. 10)
METHODOLOGY

The detailed descriptions and calculations below will demonstrate the following:

The casks are anchored into the concrete by embedded anchor bars. Anchor plates are attached to
the bottom of these anchor bars to provide adequate bearing area onto the concrete so as to be
able to transfer all load by end bearing. Anchorage is designed so as to meet the ductile
anchorage provisions of the 10/01/00 Proposed Draft New Appendix B to ACI 349-97, see Ref.
4.2.1. Specifically, the design strength capacity of the anchor plate (B.10.1), concrete bearing
(10.15.1 and B.4.5.2), and the diagonal tension shear capacity (11.3.1.1) computed in accordance
with the design provisions of ACI 349-97 all exceed the anchor bar required ductile design
strength of 235.63 kips (see Section 6.3) for A36 material per Section B.3.6.2 and Commentary
(Ref. 4.2.1.). Furthermore, the minimum ultimate tensile strength which is computed at the
reduced section at the thread root of the anchor bar is 125 percent of the minimum yield strength
(176.72 kips) of the unreduced gross section of the anchor bar, though the Code only requires
that it be greater.

The anchor bars are made from A36 steel, which has a well-defined yield plateau. Thus, if any
overload occurs, the anchor bars will yield before any less ductile failure could occur. Lastly, the
minimum yield strength of the anchor bars is more than 250 percent of the computed demand
load (62.13 kips) on these bars so as to provide substantial margin against yielding.

The main components of the anchorage system will be comprised of a circular steel Embedment
Support Plate, sixteen (16) Couplers used to anchor the Holtec supplied 2 inch Cask Anchor
Studs, and sixteen (16) Round Bars (including anchor plates) used to anchor the Couplers. These
components will be embedded in the concrete pad. The design of the concrete pad is the subject
of a separate calculation. A description of the components sized in this calculation is as follows:

EMBEDMENT SUPPORT PLATE (Figure 1)

The Holtec cask base plate outside diameter is 146 ¥ inches, + % inch (Ref. 4.1.3). The largest
diameter with tolerance is 146 % inches. The Holtec 2 inch diameter studs fit into the embedment
plate through holes in the cask flange that are sized at 2 % inches, +%, -0 inch (Ref. 4.1.3). Thus
the cask can shift in the holes by ¥ inch. Therefore the maximum effective diameter of the cask
base plate is 147 ¥4 inches
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The desire is to have a ¥ inch lip on the embed showing regardless of where the cask is placed.
Therefore, the embedment plate must be 148 % inches minimum. Therefore, call for 149 inch =
1, inch diameter. This provides some additional margin for future potential minor changes in
dimensional tolerance.

The bolt circle is 139 ¥ inches. For symmetry, call for 130 + % inch diameter for the inside.

The concrete pad will slope at approximately 1% for drainage. Thus, the concrete surface will be
approximately 1 % inches higher on one side of the embedment support plate (0.01x149 = 1.49
inches). Call for a 2 inch thick plate to keep the bottom of the embedment support plate below
the concrete surface.

Therefore, the embedment plate dimensions are as follows:

outside diameter is 149 inches, + % inch

inside diameter is 130 inches, + % inch

bolt circle diameter is 139 % inches, to be located using a template
plate is 2 inches thick

COUPLER (Figures 2 and 3)

Sixteen 5 % inch Couplers are required. Each Coupler will be made with a 2 inch Class 2B
thread to match the Holtec Cask Anchor Stud (Ref. 4.1.4, pg. A-4). The thread length needed is:

Le+2-l =1.397+2 x%= 1.897in.
n

The Coupler will be designed to have a boss that fits up into a hole in the embedment support
plate. A tight fit is required so that tolerance will be held to a minimum and so that shear may be
delivered without appreciable bending. The threads in the coupler will be started well below the
plate so that the stud can pull the coupler up into bearing with the plate. Relief is provided at the
bottom of the hole to allow for thread run-out and good stud installation practice.

The outside diameter of the coupler was selected to be larger than a heavy hex nut for the threads
used in the round bar below. It is then evaluated for shear capacity. A threaded hole in the
bottom of the coupler will be provided to accommodate a round bar required that delivers load to
the concrete.
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ROUND BARS (Figure 2)

Sixteen round bars are also required. The bars will mate with the bottom of the Coupler to
deliver the cask tensile loads to the concrete pad. The bars will be designed to ensure ductile
failure, i.e., the embedment and concrete strength will have the capability of developing the
capacity of the bar. These bars are the parts of the structure that will demonstrate compliance
with the ductility requirements of ACI 349-97, Appendix B (Ref.4.2.1).

The Holtec calculation for loads includes a spring rate for these bars, see Section 2.2. The bar
used in that calculation is 2 inches in diameter x 48 inches long. The calculated stiffness of the
bar is, k = 1.898 10° Ib./in. Any bar used must remain faithful to this stiffness. This calculation
will ensure compliance to this requirement.

The round bars will be embedded deeply into the pad to ensure bar strength and to ensure the
concrete will not fracture under applied load.
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11.25° SEE NOTE 3
22.5°

PLAN VIEW
EMBEDMENT SUPPORT PLATE

Figure 1
Embedment Support Plate
(Ref. 4.1.1)
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Figure 2
Section of Embedment Support Plate
Showing Round Bars, Couplers and Anchor Plates
(Ref. 4.1.1)
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SHEET 11 OF 29
JOB. NO. PGE-009 DATE March 11,2003
PROJECT  DCPP ISESI
, SUBJECT Embedment Support Structure
¢ e CLIENT PG&E-DCPP ORIGINATOR S. C. Tumminelli
REVIEWER K.L Whitmore APPROVED R. F. Evers
CALCULATION NO. PGE-009-CALC-001  REVISION 5

RER ZT8 ,
ENERCON SERVICES, INC.

4.0 REFERENCES
Reports, Drawings and Industry Literature

4.1.1. Enercon Sketch No. PGE-009-SK-301, Sh.1, “Embedment Support Structure, Diablo
Canyon Power Plant”, see Appendix DOC-1.

4.1.2 Enercon No. PGE-009-SK-302, Sh.1, “Embedment Support Structure Details, Diablo
Canyon Power Plant”, see Appendix DOC-1.

4.1.3 Holtec Drawing 3570, Rev.2, "Cask Anchor Stud and Sector Lug Arrangement”.
414 Holtec Report No. HI-2012618, RS.

4.1.5 Roark’s Formulas for Stress and Strain, 6th Edition.

4.1.6 Machinery's Handbook, 26 th Edition, Industrial Press Inc., New York, 2000
417 Good Bolting Practices, Volume 1: Large Bolt Manual, EPRI. 1987.

4.1.8 ENERCON Calculation PGE-009-CALC-007, “ISFSI Cask Storage Pad Steel
Reinforcement”, latest revision.

4.1.9 PG&E Specification, 10012-N-NPG, Rev 2,
Design Codes

421 ACI 349 - 97, including the proposed revision to Appendix B, dated 10/01/00. See
Appendix DOC-2 for ACI 349 Appendix B.

422 Steel Construction Manual, 9% Edition, AISC
5,0 CONCLUSION

This calculation concludes that the members as identified in the body of the calculation are in
compliance with design codes and acceptable design practices.



SHEET 12 OF 29
JOB. NO. PGE-009 DATE March 11,2003
PROJECT DCPP ISFSI
SUBJECT Embedment Support Structure
S CLIENT PG&E-DCPP  ORIGINATOR S. C. Tumminelli
O;I SERVICES, INC. REVIEWER K. L Whitmore APPROVED R. F. Evers
CALCULATION NO. PGE-009-CALC-001 REVISION 5

23

ENERC

60 CALCULATION
6.1 Embedment Support Plate

Shear tearout at hole for Coupler. Edge distance will be evaluated per Ref. 4.2.2.

N
Y
W

(149 —%)-[139.5 +i—)
L —_

o = 5 = 4.5 inches

Hole deformation is not a design consideration at Hosgri and Long Term Seismic Program
seismic load level, since the acceptance stress level is at structure capacity.

Ref. 4.2.2, Section J3-9 - Table J3-5 sets the following requirement:
Minimum edge distance is: 1% d = 1.25 x 3.625 = 4.53 = 4.5 = Acceptable, since the 4.5 inch

dimension was computed by stacking the tolerances in one direction. This 0.500 inch tolerance is
very large relative to the 0.030 inches computed to be beyond the code acceptable value.

L.2 2P Ref. 4.2.2, eqn. J3-6
Et
Compute acceptable P:

_LEt 45x58x2
2

P =261 kip

The limit on P is 1.5F, ()(d) = 1.5 x 58 x 2 x 3.625 = 631 kip. Ref. 4.2.2,, eqn. J3-4.
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The 1.7 factor permitted by Ref. 4.2.2, Section N8 is not used. Therefore, the design is
conservative.

Net capacity per coupler is: 261 kip

Structure capacity is:
16 x 261 = 4176 kip

as limited by the shear tearout in the embedment
support plate at the holes for the coupler.
6.2  Coupler
Material: SA516, Grade 70, Fy =38 ksi (Section 2.2).
The maximum applied shear load is 515 kip applied in friction to both, the surface of the
embedment plate steel and the concrete surface (Section 2.2). Since the distribution is not known

between the steel shear and the concrete shear, assume it all acts on the steel.

Therefore, the load path is from the plate, to the coupler, to the concrete.

2.06” ¢ (hole)

3.625” ¢

Boss at the top of coupler is 3.625 inch OD, and 2.06 inch ID, (See Figure 3).
Compute shear capacity of coupler as limited by bending of the boss:

Boss Plastic Moment Capacity, Ref. 4.1.5, Table 1, Case 22:

A=§(R§ -R?) =§(1.81252 ~1.03%)
A =3.494 in?

. R3 - R3
Distance to C.G.: y= i(o__lJ

4 (1.81253 -1.03°
37\ R2-R?

=— —— |=0.928in
37(1.8125% —1.03
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. Z (Plastic Section Modulus) = 2 x 3.494 x 0.928 = 6.485 in®
and M; = 6.485 x 38.0 = 246.4 in-kip
Using 90% M, =M.y = 0.9 x Mp = 0.9 x 246.4 = 221.8 in-kip (Ref. 4.2.1, B.10.1).
Applied Moment:
Stress at inner surface of hole is allowed to reach 1.5 F,,= 87 ksi (Ref. 4.2.2, eqn. J3-4).

Line load along the surface is: w = 3.625 x 87 = 315.4 kip/in

315.4 kip/in
-
Boss

P h

%é— 0.25 in (chamfer)

The hole in the embedment support plate that the Coupler fits into has a ¥ inch chamfer, (Ref.
4.1.1).

. Applied Moment at Boss is:
Map, = 3154 x h( % +0.25)= 157.7h* +78.85h

Now, set May = Mgpp
221.8=157.7h%+78.85h

0=157.7h%+78.85h-221.8

oo 1885 +4/78.85% —4x157.7(-221.8)
B 2x157.7
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_ -78.85+382.27
2x157.7

=(0.962 inch

And, 0.25" +0.962" =1.212" <2.0" (the plate thickness). Therefore, OK.

Allowable load is: (0.962) (315.4) = 303.4 kip

Structure capacity is:
16 x 303.4 = 4854.4 kip,

as limited by bending of the boss on the coupler.
Compute the shear capacity of the Coupler as limited by the shear stress in the boss:

Shear stress in Boss

A =n(1.8125> —1.032)=6.99 in2
A . o
a= Is (based upon fully elastic shear stress distribution)

0.75(R;+RY) _ 075018125 +1.037) .

" RI+R,R,+R? 181257 +1.8125x1.03+1.03°

Holding the maximum shear stress to 0.55 F,, (Ref. 4.2.1,B.10.1), the shear
capacity of the boss is:

V =0.55x38.0x6.99 x 0.525 = 76.7 kip

Structure capacity is:
16 x 76.7=1227.2 kip
as limited by holding the maximum elastic shear
stress to 0.55Fy.

Compute the shear capacity of the Coupler as limited by concrete bearing stress:

After the load goes through the boss, it is in the 5% inch @ Coupler, which bears on the concrete
This will create bearing stress blocks on the concrete, similar to those of a dowel.




SHEET 16 OF 29
JOB. NO. PGE-009 ) DATE March 11, 2003

PROJECT  DCPP ISFSI

SUBJECT Embedment Support Structure

CLIENT PG&E-DCPP  ORIGINATOR S. C. Tumminelli

ENERCON SERVICES, INC. REVIEWER K.L Whitmore APPROVED R. F. Evers

CALCULATION NO. PGE-009-CALC-001  REVISION 5

Surface “A”

N~

Bearing Stress Blocks

These bearing stress blocks will produce a moment on the surface between the coupler and the
embedment support plate - Surface "A"

The cask anchor stud, which is tensioned, also produces a compressive stress on surface A.

This calculation will limit the shear capacity to the value that produces bearing stress blocks,
which result in a moment on Surface "A" that just relieves the compressive stress from the stud
(offset by the seismic tensile stress.) This is a conservative estimate of strength since it does not
allow separation of the embedment plate from the coupler. There is no technical reason why
some separation could not be permitted.

Details of the bearing stress block calculation:

Allowable bearing per Ref. 4.2.1, Appendix B.4.5.2:

fra=13x ® x fc=1.3 x0.7 x 5000 = 4550 psi
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5.5
J-"
Axis of
rotation 0.852a a
N
N_

o

N\
.85¢ § c

Use a 90° sector to compute width of the bearing stress block.

W =2 sin 45° (%2) = 3.89 inches

Line load is: w = (4.550) (3.89) = 17.7 kip/in
Heights of blocks are limited to 0.85 of the distances to the axis of rotation.

The applied moment is the moment on surface "A" due to the stress blocks, Mg

(0.85a)’

M, =17.7

~17.7x 0.85cx (9.75 085 c)

M,, =6.394 a’-146.689c +6.394 c>
Now: atc =9.754
s €c=975-a

Substitute:
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M,, =6.394a® —146.698(9.75—a)+6.394(9.75-a)’
M, =6.394a® —1430.22+146.689a +6.394(95.063-19.5a +a?®)
M, =6.394a’ —1430.22+146.689a +607.83 —124.683a +6.394a’

M,, =12.788a* +22.006a —822.39

The allowable moment is computed from the compressive stresses on surface "A".
Compressive force due to preload is 157 kip (Section 2.2).

Maximum seismic load is 62.13 kip (Section 2.2)

Area of A = -}[5.52 —(3.625+2x0.25)2] = 10.39 in? , accounting for the '/ inch

chamfer in the embedment support plate.

-~ p (pressure on A) = 157-62.13 9.13ksi

10.39

Section modulus of A is:

S= .l
C
4 4
1=E(R4_R!)=Z (ﬁ) _(ﬁ =30.71 in*
4 4| 2 2
S= iQﬂl:ll.lsin’
2.75

.. Allowable moment on surface "A" due to the bearing blocks:
M. =(9.13) (11.16) = 101.89 in-kip
Set the applied moment equal to the allowable moment:

= Mg =Man
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101.89 = 12.788a* +22.006a —822.39

0= 12.788a* +22.006a —924.28

-22.006++/22.006 — 4 x 12.788 x (=924.28)
2x12.788

o= —-22.006+218.5
2x12.788

a=7.68in
c=9.75-7.68=2.071in
Now, allowable shear on the Coupler as limited by concrete bearing is:

V=17.7x0.85(7.68 - 2.07) = 84.4 kip

Structure capacity is:
16 x 84.4 =1350.4 kip

as limited by the concrete bearing stresses and the
bearing stress between the coupler and the embed
plate.

6.3  Round Bar

Bar must be ductile. .. Material to be A36.
Max. seismic load is 62.13 kip (Section 2.2)

. Required bar area: A 2_6%?_0) =1.918in? where ® =0.9,Ref 4.2.1, Appendix B.10.1

~. Bar diameter: ® =1.563 inch, minimum
The Holtec calculation (Section 2.2) uses a spring rate for these bars.

The bar used in the Holtec calculation is :  diameter @ =2.0 in
length: L=48 in
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2
(-%—]29000000
k=

48

Stiffness of the bar: =1.898x10° 1b/in

Any bar used must be faithful to this stiffness.

The pad is sized to have 7 % foot minimum thickness. (It is 7 feet 11 % inch at its thickest point.)
The bars must deliver the loads deeply into the pad in order to preclude concrete tensile stresses
that might split the concrete.

Try a 244" @ bar, 71.13 (82.88 — 2 — 9.75) inches long from the bottom of the coupler to the top
of the anchor plate (Figures 2 and 3).

Coupler is 5%" @ with 2%"® holeinit. Itis 9 %" long.

A =—(5.5% —2.5%)=18.85 in’

T
coupler -Z
(3
_AE_18.85x29x10° _ ¢ 17 x10° Ib/in
L 9.75

k

coupler

=4.909 in?

n(2.5)
Abar = 4

_ AE _ 4.909x29x10°

b = =2.001x10° Ib/in.
L 71.13

k

Net k:

1 1
+
k,

ar

= |-

k

coupler

1 1
6 + 6
56.07x10° 2.001x10

1
k
- k=1.932x10%Ib/in

The net k is within 1.8 % of the Holtec value and the net frequency is within 0.9 %, therefore
acceptable.

Determination of the bar ductility. Investigate the need for the upset ends:
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Check thread strength capacity versus bar yield strength.
Threads are to be 2%2 - 4UNC-2A, minor ® =2.1992 in
o Ana=3.799 in® (minimum) s ApdFu=3.799 x 58 =220.34 kip minimum
o Aper =4.909 in’ . ApFy =4.909 x 36 = 176.72 kip minimum
220.34 kip > 176.72 kip = Threads will not fail prior to bar yielding.
And, per the Methodology (Section 3.0) 220.34 kip = 1.25*%176.72 = 220.90 kip
~. Bars are ductile, and upset ends are not required.

Per Section B. 3.6.2 and the Commentary to the Code (Ref. 4.2.1), the strength of attachments
typically made from A36 steel is better characterized by the yield strength. The factor (0.75)
allows for the actual yield versus specified minimum yield (R.B.3.6.2). An increase in the yield
stress will not change the conclusion regarding the bar ductility developed above because the
ultimate stress will increase proportionally. Therefore, the bars are ductile and upset ends are not
required.

Required Ductile Design Stress:  Frg= 36.0/0.75 = 48.0 ksi and
Required Ductile Design Strength: Prg = AparX Frg = 4.909 x 48.0 =235.63 kip

The length of engagement L. necessary to prevent stripping of the external thread, must be:

2xA,

b= 31416K_max|}-+0.57735n(E min ~K _max)

¢

(Ref. 4.1.6, Eqn. (1), Pg. 1490)

where: A= 4.00 in® (Ref. 4.1.6, Table 4a, Pg. 1740)
n=4

K, max = max minor diameter of internal thread, Kymax =2.267 in, (Ref. 4.1.6, Table 3, pg.
1734)

E; min = min pitch diameter of external thread for the class of thread specified, E; min = 2.3241
in for Class 1 threads, (Ref. 4.1.6, Table 3, pg. 1734).

2x4.00 _ ]
= £ 3 = 1.7777 in
3.1416x 2.267[}:/2 + 0.57735x4(2.3241 - 2.267)J

¢
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Therefore, provide at least 1.78 + 2 x 1/n = 2.28 inches of thread to allow for run in/out (See
Figure 3).

64 Anchor Plate
Size anchor plate at bottom of round bar:
Size for Prq = 235.63 kip, per requirement of Ref. 4.2.1, B.3.6.2

Try a 12 inch square plate:

2
A=12x12- 3(23) =138.84 in’
4\"16

. 235.63
®138.84

=1.70 ksi <2¢ (.85)(5.000) =5.95ksi see Ref. 4.2.1, Sect. 10.15.1
¢ =10.7; Ref. 4.2.1, Sect. 9.3.2.4

Size as an equivalent round plate. Distance across flats of nut is 3.75; equivalent inner radius is
R; = 1.875 inch. Thus the applied pressure on the equivalent round plate is Opc:

o oo Py 23563
* " xR -R?) ={6.0° -1.875%)

=2.309 ksi

See Roark, 6 edition (Ref. 4.1.5.), Table 24, Case 21:

b 1.875
b_1875 03125 Ky =040
6.00 M

a
M =0.40 x 2.309 x 6.00* = 33.25 in-kip/in

Design using 90% of full plastic moment for base plate sizing, (See B.10.1, Appendix, Ref.
42.1):

, _ 4x33.25

= = 4.105 in?
0.9x36

t=2.026 in., use 2 inches since the applied moment is conservatively calculated
using elastic computed moment on contained circles.
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SUMMARY of shear capacities (Applied shear is 515 kip, section 2.2):

1) Embedment support plate shear capacityis 4176 kip > 515 kip
2) Coupler : Bending capacity of the boss: 4854.4 kip > 515 kip
Shear capacity of the boss: 1227.2 kip > 515 kip
Concrete bearing capacity: 1350.4 kip > 515 kip

The round bars are also adequate for the applied loads, have the appropriate stiffness, they are
ductile, and meet the ductility requirements of Reference 4.2.1 (Section B.3.6.2).

Therefore, the embedment hardware has sufficient capacity to withstand the loads defined by
Ref. 4.1.4 imposed due to the seismic events.

This calculation, to this point, has qualified the embedment support structure for the applied
loads and has determined that the round bars are ductile. The direct tensile load path, through the
coupler to the anchor plates, including the concrete bearing stresses will not fail prior to the
required ductile design strength of the round bar at a tensile load of 235.63 kip.

6.5 Nuts and Bolts

The assembly of the structure is to be performed with the goal of minimizing gaps in those
portions of the structure that deliver the loads to the concrete.

The 2 % inch round bars are to be installed so that they bottom out on the diaphragm in the
coupler between the 2 inch and 2 Y% inch holes. Then they are torqued hand tight. This mates the
threads between the rod and the coupler to deliver the tensile loads to the concrete without first
removing the gaps between the threads.

The anchor plates are to be attached to the rods with standard hex nuts and jam nuts. The jam
nuts are specified to prevent any loosening of the joint prior to concrete placement. Two sets of
torques/tensions are provided for installation. One is a lower set that is designed to just seat the
parts without any significant stress. This requires the jam nuts. The other set produces the
stresses in the pieces that would be used if this were a structural joint, say in building structure.
This produces some significant stress in the pieces. In this case the jam nuts are not required
since the higher torque is sufficient to prevent any loosening of the joint prior to concrete
placement.

The nuts are to be standard heavy hex A536 Grade A nuts for use with the A36 steel, with
standard F436 type 1 circular washers.

Further, assembly bolts to hold the couplers in place are to be A307 bolts, to be used with
oversize washers.
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The maximum torques specified are from Ref. 4.1.7, Table H, which provides torque values for
unlubricated threads (nut factor 0.2) and stresses the bolts to 50% of their yield strength.

6.6 Embedment Support Structure Ductility Evaluation/Requirements for the Pad

The following calculation evaluates the pad to ensure that the embedment support structure/cask
support pad system will not fail prior to the round bar required ductile design strength of 235.63
kip.

The bar force is Prg =235.63 kip

The Neutral Axis Xna is shown in its approximate location in the Figure on the next page. It does
139.5

not have to be located since the maximum value of Xy, is = 69.75" because it must lie

beneath the footprint of the cask.
The d value for the pad is (see Figures 5 and 6):

d=9.75+71.13-2815-1.27-0.815-1.27/2
= 75.345in

Now bars 5, 6, 7 and 8 are all within 75.345 inches of the Neutral Axis (see Figure 4) Therefore, |
the 1load delivered upward by the anchor plates will all be reacted by the downward force of the
compression zone as a compression strut within the concrete.

Hence, only the forces contributed by bars 1, 2, 3 and 4 will produce net shear in the pad cross
section. Assume all of the bars are at Pyq.
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s BAR CIRCLE
NA o 6=139.5"
6
o] 03
Compresipn Zone
o 7 O 2
\\
Q °
8 0
3.61] 13.617
k 38.75” Sk 38.75”
?( 57.99” S 57.99” >
XNA >
68.41” 68.41” N
Figure 4

Plan Geometry of the Cask Anchor Studs
(Also, see Figure 1)
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Conservatively, compute the total diagonal tension shear to be Vp = 8 x Prg - We,:

Where: W, = Effective Weight of Concrete = W (1 —0.4A.)
W, = Concrete weight
A, = Vertical ZPA = 0.70g (Ref. 4.1.9, Appendix A)

Use a block of concrete from round bar no. 4 to the midpoint of the distance to the adjacent cask.

W,=0.150x 7.5 x 17 x (8.5 - 13.61/12) = 140.9 kip
and

Vp =8 x 235.63 — 140.9 (1 — (0.4 x 0.70)) = 1783.6 kip

Using the 17 foot (204 inch), center to center distance of casks as the width of concrete section:

Vy = OV.= 20+4/5000075.345 Ref4.2.1,11.3.1.1

= 2 x 0.85+/5000 x (204) x (75.345)
= 1847.6kip > 1783.6kip .. OK.

Two layers of #10 bars at 9 inches in each direction on the top and on the bottom are required as
calculated in Reference 4.1.8. One layer will be located above the anchor plates, see Figures 5 and 6 and
the sketch below. Figures 5 and 6 are consistent with Figures 1 and 2 in Reference 4.1.8. In Figures 5
and 6, the top of the concrete is set to be at the bottom of the 2 inch thick top plate of the embedment
structure. This is conservative since it minimizes the thickness of the assumed plug of concrete. In
Figures 1 and 2 in Reference 4.1.8, the details are more precise. The top of the 2 inch thick top plate is
set at El 310 per the drawings and the pad thickness is adjusted to suit the bases for the analyzed
conditions. These are 96 inches for the thermal/shrinkage analyses, and 90 inches for the seismic
analyses, as explained in Reference 4.1.8.

Assume that cracks could begin at the anchor plates and compute the reinforcement necessary to arrest
such a crack using the shear friction provisions of the Code, Ref. 4.2.1, Section 11.7. The shear demand
is Prg of 235.63 kips. The plates are 12 inches square and the bars are located 2.815 inches above the
plates and are spaced at 9 inches.
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/— Assumed Shear Plane x
T Prd

N

©) O
N\

The allowable shear friction capacity with 4 bars crossing (2 in each direction — thus 8 cross sections on
the assumed plug of concrete) is:

V.=8x085x14x60xAs=5712 Ayt
and V. =571.2 Ay = 253.63 kips

Thus, the minimum A, = 0.444 sq. in. Additional steel is required to react the applied tension due to
the seismic forces. The bounding value for this force is 21.536 kips , see Reference 4.1.8. The required
area for 21.536 kips is 21.536/Fy = 21.536/60 = 0.359 sq. in. Thus, the total area of steel required is A =
0.444 + 0.359 = 0.803 sq. in. and each #10 bar provides 1.27 sq. in. which is 1.5 times the requirement.
The anchor plates are 12 inches square, thus with a bar spacing of 9 inches, two bars must cross each of
the shear planes. In addition, the mat of steel above the plates is throughout the pad, thus an assumed
crack that might begin at a plate and migrate horizontally can not find a location where it can progress
vertically through the pad.
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Pad reinforcement layout:

EMBEDMENT SUPPORT PLATE

I[W

2]
 wom—
©
. s—
See Figure 6 for details of
the reinforcement
71.13”
—
- ©
Y
2'?
| —
El 302°’-0” - o
N
7 7 »
Figure S

Reinforcement



SHEET 29 OF 29
JOB. NO. PGE-009 DATE March 11, 2003

PROJECT DCPP ISFSI

SUBJECT Embedment Support Structure

N
Pl CLIENT PG&E-DCPP ORIGINATOR 8. C. Tumminelli
ENERCON SERVICES, INC. REVIEWER K.L Whitmere APPROVED R.F.Evers
CALCULATION NO. PGE-009-CALC-001 REVISION 5
v Min. Top of Concrete
- .
——2.815”
T 127
R s R ::—0.815” 10.34”
& 8 —127
——0.815”
£ —127
“ —0.815”
) 5 —127
80.88”
~ Short Direction
Reinforcement
- -
$ = 127
Vs 99
Long Direction A ?g-},s
Reinforcement )
— 2.815”
h 4 .
é—l Anchor Plate
) 2 127"
0.815”
e —1.27
_g Bottom of Concrete ' —_ 23815”
Figure 6
Details of Reinforcement
NG Thus, ductile failure mode of the embedment support structure is assured and the ductility requirements

of ACI- 349, Ref. 4.2.1 have been satisfied.
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This Appendix presents the two sketches that provide the structure and details of the Embedment
Support Structure. They are:

Sketch No. PGE-009-SK-301, Sh. 1, "Embedment Support Structure, Diablo Canyon Power Plant",
Revision 0, dated 6/27/01.

Sketch No. PGE-009-SK-302, Sh. 1, "Embedment Support Structure Details, Diablo Canyon Power
Plant", Revision 0, dated 6/27/01.
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This Appendix presents the DRAFT of Appendix B (dated 10/01/00) to ACI 349-00. It is provided in
the following 32 pages, which are paginated in the lower left and right corners as 349-1 to 349-32.



Draft 10/01/00
._0de Requirements for Nuclear-Safety Related Concrete
Structures (ACI 349-00) and Commentary (AC1 349R-00)”
Appendix B, Anchoring to Concrete

Index
.0 —Nolal'mn
B.1-Definitions

© B2~Scope
B 3-General requirerments '
B .4-Genera! requirements for strength of structural anchors
B 5-Design requirements for tensile loading
_B.6-Destgn requirements for shear loading

B.7-Interaction of tensile and shear forces
B.8-Required edge distances, spacings, 2nd thicknesses to preclude splitting failure
B .9-Installation of anchors ) -
B.10-Structural plates, shapes, and specialty insexts
B.11-Shear capacity of embedded plates and shear lugs
B.12-G1 suted embedments -

Index for AppendixB-commentary -

N

RB.0 -HMaotatlon
RB.1-1efinitions
RB2-Scope

RB 3-General requirements

B4 cneral requiternents for strength of structural anchors
RB.5-1)esign requirements for tensile loading
RB.6-1esign requirements for shear Joading

RB.7-Interaction of tensile and shear forces :

RB.8-Required edge distances, spacings, and thickmesses to preclude splitting failure
RB.11--Shear capacity of embedded plates and shear lugs

RB.13 -Comparison of Concrete Capaclty Method and ACL349-97

Add a pew ASTM reference to Section 3.8.1 for welded studs:

A 108-99 Standard Specification for Steel Bars, Carbon, Cold-Finished. Standard Quality
Add iew Seefion 3.8.7:

3,87 - Structucal Welding Code — Steel” (AWS D.1.1:2000) of the American Welding Societyisdeclaredtote s
part of this cixle ' '

e as if fully set forth herein,

Renumber existing paragraph in 8.1 to 8.1.1 and 2dd new Section 8.12

8.1.2—Anchors for attaching to concrete shall be designed using Appea

dix B, Anchoring to Concrete.
Add new Section212.7

21.2.7-Anchoring to Concrete

21.2.7.1~Anchors resisting carthquake-induced forces shall conform to the requirements of Appendix B.
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B.0 —Notation
Ay = bearing area of the head of stud or anchor balt,in” o
Ane = projected concrete failure area of one ancher, for calailation of strength in tension, when not limited by edge
distance oc spicing, as defined in B.5.2.1, in? [SecFig. RB5.1(2))
An = projectsd ooncrete failure area of an anchor or group of anchecs, foc calculation of strength in tension, as defined
inBS21,in? Ay shallnotbe taken greater than nArxe . [See Fig. RB.S.1(0))
A, = cffective crons-sectional area of anchor, in?
A4 = cifective cross-sectional area of expansion oc underaut anchor sleeve, if sleeve is within shear plane, n.*
Ay, = projected concrete failure area of oae anchor, for calculation of streagth in shcnf, when not limited by cormer
———mﬂumspadﬁm—mmba-ﬂﬁégnes&_asﬁpﬁﬂm mnBE621,in 2 1(SeeFig. RB.6 2(a)]
Ay = projectsd concrete failure area of 2a anchor o group of anchers, for caledlatin of strengthin Shear, 2s dzfined in
B.62.1,1n2 Ay shallnotbe taken greater than nAve . [SeeFig. RB.6.2(D)]
C = the compressive resultant focce between the embedment and the concrete resulting from factored momeat and
factoced uvial load applied to the embedment, To - |
¢ = distance from ceater of an anchor shaft to the edge of concrete, n. '
¢; = distance from the center of an ;mchoc shaft to the edge of concrete n one direction, in.; Wahere shear focee is \
applied to zncher, ¢ is in the direction of fhe shear focee. [SeeFig. RB.62(2)]
c; = distanc from center of an anchoc shaft to the edge of concrete in the direction orthogoaal to ¢y, .
e = (helargest eftheedge distances-thut-nretecs-thon-orequabio 151, in. {esed-only-for-{he-ease-ef{hree-ev-fout \
edges).
cn = the smallest efheedge distancesBat areless-than-eeequattoI5hyr, 10, \
= outside diameter of anchor oc shaft dismeter of headed stud, oc headed snchierbolt, In. |
! = eccentsicity of normal focce on a group of anchors; the distance between the resultant teasion 1oad on a group of
anchocs in tension and the ceatroid of the reas-ef-thd-group of anchocs Ioaded in teasion, ing —exy is always
pasitive: [See Fig. RBS2(band o) )
ey’ = ecorntricity of shear force on a group of anchocs; the distance between the point of shear focce application and
the weatroid of the group of anchors resisting shear in the Gizection of the applied shear, in.
£ =

NN

Draft 10/01/00

Appendix B, Anchoring 1o Concrete

specified compressive strength of concrete, psk:

\
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specified tensi' * <trength of coacrete, psk:

modulus of rur e of concrets, psi: (See 9.5.2.3)

l
calculated ten: i stress in a region of a member, psk: l
specified yield < rength of anchor stee, psk |
specified ten-ile strength of anch hox steel, psk - l
specified ten'e strength of anchor sleeve, psi:

(hickness of 1ember in which an anchor is anchoced, measuzed parallel to anchor axis, in
cflective an' hor embedment depth, in. (See B.8.S andeg RB.1)

coefficient £ v basic concrete breakout streagth in teasion: _ |
oocfﬁéicnt {: s pryout streagh: .

load-beariup length of anchor for shear, no( to exceed 84, , In.
herfocand 1ocs-with-a-constant stiffness over the full leneth of the embedded section,
post-installed anchocs with one tubular

such as headed studs oc
shell over the full length of the embedment depthx
24, foc treve-controlled expansica anchocs with a

number ¢

distance slecvc sepamtcdﬁomfne expansion sleeve: \
nchocs In a group: l
|

Basic con” rete breakout strength in tension of a single anchoc in cracked concrete, as defined in B5.2.2, Tt

nominal « - ucrete teeakout strength in tension of @ single anchor, as defined mB52.1, 1t

nominal -vacrets beeakoat strength in teasion of a group of anchocs, as defined in B52.1, 1b:

l
b |
nominal strength in teasion, 1o

!

pullout & xmgthhntcasionofasinglcandlocmc'ad:ulommasdcﬁnedinBS‘M b

nomins! pulloat streagth in tension of a single anchox, as definedin B5 3.1, 1b:

side-f+ ~ blowout streagth of a single anchor, 1t

side-T.v - blowout strength of a group of anchors, 1b:

l
nomirn. ! strength in tension of a single anchor or groop of anchors as governed by the steel strength, as defined
inB“ 1.1ocBS12,1b:
factn ! tensile load, Ib: |
T tored external axial load o7 e cobedment, 1o | |
anch -+ center-to-center spacing, in.
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s, = spacing of the cut:¢ anchors aloag the edge in 2 group, in. -
t = thickness of wash.r oc plate, in.
¥, = basicconcretely :akoﬁt streng(h in shear of a single anchoc in cracked concrete, as defined in B.6.22 0cB.6.2.3, lbl
Vs = nominal concret: beeakout strength in shear of asingle anch;x. as dcﬁncc} inB.62.1,1: ‘ \
Vag = nominal concrete breakout strengh in shear of a group of anchocs, as defined inB.62.1, Ib: |
. = nominal concrete pryout streagth, as defined in B.6.3, 1b: : \
V., = nominal shear streagth, lb— \
, = nominal strenpth in shwlr of a single anchor oc group of anchors as governed by the steel streagth, as defined in
B6.11ocB6I2, b
V. = factoced shen load, 1b: : |
&4 = strengthredn.tioa factoc (sce BA4): . \
¥, = modification Iactor, foc streagth in teasion, 1o accoumt forzctrocgroaps oaded-eceentically—as-defined-in———--
BS24:
\d, = modification factor, for streagdh in tension, to account for edge distances smaller than 1.5be , 28 defined in
B52.5: : |
W, = modification factor, foc streagth in tension, to account foe cracking, as defined inB52.62nd B52.7: |
w, = modification facter, for pllout strength, to account for cracking, s defined n B53.1 and B53.5: \
W, = modification factor, foc strengthh m shear, to accxmt foc anchoc groups loaded eccentrically, as defined in
B625: . |
Y = modlﬁcx!iuafa:tcc; foc strength in shear, to account foc edge distances smaller than 1.5¢; ,as defined in B.62.6 l
¥, = modification factex, foc strength in shear, to account foc éradc'mg, as Gefined m B.O2 T \
B.1-- Definltions )

Anchor—A steel element either cast into concrete, oc post-installed into 2 hardened concrete member and used to transmit
applied loads, including headedsteaight bolts, hrooked-botts{T—ac-T-told-headed studs, expansion anchors, undercut \
anchors, oc speialty insects.

Anchor group—A number of anchors of approximately equal effective embedment depth with each anchoc spaced at less
than three times its embedment depth from one or morce adjacent anchors. .

Anchor pullout strength-The strength corzzsponding to the anchoding device oc a Tasjoc compoaent of the device slidmg
out from the concrete without breaking out a substantial poction of the surrounding concrete.
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w~chment-The struchral assembly, external to the surface of the coocrete, that transmits Icads t0 ¢r receives load from
the anchex,

reduction in area of less than 30 %pereent , oc both.

Britlle steel element~An clement with a teasile test elongaton of less than 14 Fperem t—e&ec—&—z-fﬂ—oage%gﬂi o a

Cast-in anchor—A hearled bolt oc hended stud installed before placine eoacrete

Concrete breakout strength~The strength correspoading ta 2 volume of concrete surrounding the anchor oc group of
anchors separating from the member.

Concrele pryout strength-The strength cocrespeading to formation of a concrete spall behind a shot, stiff anchor with an
embedded base that i . displaced in the direction opposite to the applied shear force,

Distance sleeve-A siscve that encases the ceater part of an undercut anchex, a tocque~controtled expansion anchex, o a
displacement-contro!'ed expansica anchor, but does not expand.

Ductile embedmert - An embedment designed for a ductile steel failure in accordance with B3.6.1

Ductile steel element-An element with a teasile test eloagation of at Ieast 14 £Lpercent oveca-2-ia-—gate-lensth-and
reduction in area of at least 30 Gepercent. A steel meeting ASTM. A 307 shall be considered ductile,

tsdge distarice~The distance-from-the-edgeofthe concrete surface 10 fhe center of the nearest anchor

E_Uectxve embedmeni dept.h—Thc ov-"all d'cpth th:ough which the anchor: transfers focce 1 & fion the smroundmg
< concrete.  The elfective embedment depth will nocmally be the depth of the goncrete failure surface in tension

applications. For cast-in headed enchoer-bolts and headed studs, the effective embedment depth is measured from the
tearing coatact su face of the head. (SeeFig. RB.1)

Embedment - A steel component embedded in the concrete to transmit applied, loads to

. ot from the concrete
structure, The embedment may be fabricated of plates, shapes, anchors, reinforcing bars, shear connectors,
specialty inserts, or any combination thereof.

Expansion anchor-A post-installed anchor, inserted intohardened coacrete that transfers Ioads mto or from the concrete
by direct bearing oc friction oc both. Expansioa anchocs may be tocque-coatrolled, where the expansion is achieved by a

torque acting o the screw oc bolts; oc displacement-controlled, where the expansioa is achieved by impact focces acting
pa a slegve oc plug and the cxpansmu is controlled by the length of travel of the sleeve oc plug.

Expansion sleeve-The outer patt of an expansion anchor that is focced outward by the center past, either by applied
torque o Impuct, to bear against the sides of the predrilled hole.

S Bepercent fractile-A statistical term mwmng 90 pcrccnt oonﬁdmcc lhai thm is 95 pcrwut probabmty of the actual
strength exceeding the nominal strength ~Bete \ -

Veldedhifleaded stud-A steel anchoc-made

conforming to the requirements of AWS D1.1; ___(j—'?ﬁcfdiedef‘!s aiﬁxcd to aplaL:. oc .,xmilm' sted atiadxmcut by thc stud
arc welding process beforepsiorie castinginto-ead beinpembedded-within-nooacreiacloment.

Post-installed anchor-An anchor installed in hardensd concrete. Expansion anchocs and undercut anchocs are examples
of post-installed anchors.
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Proyécted area-The aren ca the free surface of the coacrete member that is used to represent the larger base of the
assumed rectilinear failure surface.

Side-face blowout str“en,'fit;'lhc s&mgtb of anchocs with deeper embedment but thinner side cover cocresponding to
coacrete spalling on the +ide face aromd the embedded head while no majoc beeakout ocours at the top concrete surface.
Insert{sSpecially inserf) —Predesigned-and prefabeicated cast-n anchocs specifically designed foc atiachment of bolted o« \
slotted connections.  Specialty Hnserts ace often used foc handling, trans_portaﬁm, and erection, bat are also used for
anchering structural ele:nents.

Supplementary reinforcement — Reinforcement proportioned to tie a petential concrele
structural member,

fatlure prism to the \

Undercut anchor-A post-instalied anchoc that dedives its tensile strength by the mechanical interlock provided by
undeccutting of the concrele at the embedded end of the anchex.

The undercutting is achieved with a special drill before
installing the anchor ¢« alternatively by the anchoc itself during its installation.
B.2-Scope

B 2.1-This Appendix provides design requirements foc structural em

Tbedments in concrete used to.transmit structucal
1oads from attachments into concrete members oc from oae connected

coacrete member to another by means of teasion,
chear, bearing, or & combination thereof. Safety levels specified are intended for in-service conditions, rather than for
shoct iamhandling and construction conditions.

\

\/,.B.zz,—'l'hxs Appendix applies to both

N ———— e ————
snstalled-into-hasdoned-€e8

adod bol _-andm- ct-mstalled anchocs
._Through bolts, myltiple anchors

t-in anchocs

. -
=
o ¥ A -

connected o a sinelé steel plate at the embedded end of the an
adhesive oc groute:d anchors, and direct

FRHELFEaTRRCOLE

chors belts
anchocs such as powder oc pneumatic-
Reinfoccement use | as partof the embedm

actuated nails o bolts are not included.
ent shall be designed in accordance with other parts of the code.

B.2.3-Headed studs and headed bolts tauthaveing a geometry that has beea demcastrated toTesultin a pullout strength in |
uncracked concrete equal oc exceeding 14 N, [where

N, is givea by Eq. (B-10a)] areincluded. Post-installed anchocs are
included provided that B.3.3 is satisfied. - .

B2.4-3 cad applications that are predominantly high-cycle fatigue are nt covered by this Appeadix.

B.2.5-In additi-«1 to mesting the requirements of this chapter, consideration shall be givea to the effect of the
forces applied (o the embedment on the ‘ehavior of the overall structure. )

B2.6-The juricdiction of this code covers steel material below the surface of the concrete and the anchors
extending above the surface of concrete. The requirements for the attachment to the embedment shall be in
accordance with applicable codes and are beyond the scope of this Appendix.

B.3-General requirements

B3.1-The embedment and surrounding concrete or grout shall be designed foc critical effects of factored loads as
detecmined by clastic analysis. Plastic analysis approaches are permitted where nominal strength is coatrolled by ductile
steel elements, provided that deformational compalibility is taken into account. Assumptions used in d}sm’but’mg 1oads
within the embedment shall be consistent with those used in the desigan of the attachment.
B 32-The desien strength of aAnchocs shall equal oc oxeesd the largest required strength caloulated from the applicable: \
be-desioned-fee-titload combinations eatlited-in 52. )
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B33-Post-installed structural anchors shall be tested before use to verify that they are capable of sustaining their
design strength in cracked concrete under seismic Ioads. These verification tests shall be conducted by an

independeat testing ageacy and shall be certified by a professional engineer with full description and details of the
testing programs, protedures, results, and conclusions.

B.3.4-Al prévisions for anchor axial tension and shear strength apply to nocmalweight concrete caly
B3.5-The values of §'. used for calculations in this Appendix shall not exceed 10,000 psi for cast-in anchors and 8,000
psi foc post-instalied :.achors.

B.3.6-Embedment lesign

B3.6.1-Embedment design shall be controlled by the strength of embedment steel. The design strength shall be
determined vsing tiic strength reduction factor specified in B.4.4(2). It shall be permitted to assume that design is
controlled by the strength of embedment steel where the design concrete breakout tansile strength of the
embedment, the dusign side blowout strength of the embedment and the design pullout strength of the anchors
exceed the specificd vltimate tensile streagth of the embedment steel and when the design concrete breakout shear
strength exceeds 05 Fpercent of the specified ultimate tensile strength of the embedment steel. The design

concrete teasile strength, the design side blow out strength, the design pullout.strength and the design concrete
breakout shear strength shall be taken as 0,85 times the nominal streagths

B 3.6.2-As an alfernate 10 B.3:6: 1 theattachment-shall-be-designed.to yield at a Joad level corresponding to
afchor forces not greates-than 75 Sopercent of the anchor design streagth specified in B.4.1.3. The anchor dcsxgn

strength shall be 1etermined using the strength reduction factors specified in B4 4 (6) 66 (0.

B.3.6.3-1t shall be permitted to design anchors as nonductile anchors. The design strength of such anchors shall
be taken as 0.60 N, and 0.60 $ 'V, where $is given in B.4.4 and N; and V,, are determined in accordance with
B.A4.1,

B.3.7-Material and testing requirements for embedment steel shall be specified by the Engineer so that the
embedment desigu is compatible with the intended function of the attachment.

B.3.5-Embed«cat matesials for doctile anchors other than reinforcing bars shall be ductile steel dlements
B3.9-Ductilc anchors that incorporate a reduocd section in the tension or sh:m lcad path shall satisfy one of the
following conlitions:

section.

2) Theultimate tensile strength of the reduced section shall be greater than theyi
b) Forbolts,

21d strength of the unreduced

the length of thread in the Joad path shall be at Jeast two anchor diameters

B.3.10-The Jesign strength of embedment materials may be increased in accordance with Appendix C for
embedment:. subject to impactive and impulsive loads.

B.3.11-Plastic deformation of the embedment is permitted for impactive and impulsive loading provided the
strength of the embedment is controlled by the strength of the embedment steel as specified in B.3.6
B.4-Gener.l requirements for strength of structural anchors

B.4.1-Strenpth design of steeetasal-anchors shall be based either on the cozputation using esign models that satisfy the
requirements of B.4.2 oc on test evaluation using the SFapereent fractile of test results foc the following

a) steel sfreagth of anchor in tension (B.5.1);
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~_- Steel strength of unchor in shear (B.6.1}:
c) concrete beeakout strength of anchor in tansion (B.5.2)
d) concrete beeakout strength of anchor in shear (B.6.2);
¢) pullout strength of anchor in tension (B.5.3);
f)

concrete side-face blowout strength of anchor in teasion (B.54);
g) concrete pryout strength of anchor in shear (B.6.3):and

10/01/00

In addition, anchors shall satisfy the required edge distances, spacings, and thicknesses to preclude splitting failure as
preseribed in (B.8).

B.4.1.1-For the desin of anchocs, except as required in B33

gN, 2N, ®B-1

¢Vn 2 VI (B°2)

B.4.1.238-In Bq. (B-1) and (B-2), N, and ¢V, are the lowest design strengths determined from all approgriate failure

modes. ¢N; is the Jowest design strength in tension of an anchor oc group of anchoers as determined from consideration of
i 1 h

i, , ¢Npn , cither §N o 4Ny, , and either ¢Ng, o ¢Ngp 6V, is the lowest design streagth in shear of an anchor o a
group of anchoss @3 determined from consideration of ¢V, either $V Of $V e, 20d 6V,

!
i
{

i

B.4.1.32-When both N, and V, are present, interaction effects shall be considered in accordance with B.4.3

B.éLThcnommalstmng&kﬁoc any anchoc oc group of anchocs shall be based on design models that result in predictioos
of streagth in substantial agreement with results of ‘comprehensive TSt The Tizterials used-in- the -tests shall be
compatible with the materials used in the structure. The nominal strength shall be based on the 5 %percent fractile of the
basic individual anchoc strength. Foc nominal streagths related to the-concrete strength, modifications for size effects, the
number of anchoecs, the effects of close spacing of anchors, proximity to edges, depth of the concrete member, ecceatric
Joadings of anchoc groups, and presence or absence of cracking shall be accoumted foc. Limits on edge distances and
anchor spacing in the désign models shall be consistent with the tests that verified the model. s,

B.42.1~The effect of supplementary remmfoccement provided to confine oc restram the concrete beeakout, of both, shall be
permitted o be included in the design models ef-nsed to safisfy BA42.

BA22-Foc anchocs with diameters not exceeding 2 in., and tensile embedments not exceeding 25 in. in depth, the
concrete break at streagth requirements €£B-4:2-shall be coasidered satisfied by the design procedure of B.5S2 and B.6 2.

B.43- Resistance to combined tensile and shear loads shall be considered in design using an Interacticn expressica that
results in computation of strength In substantial agreement with results of compreheasive tests. This requirement shall be
considered satisfied by B.7. .

B.4.4-Streny th reduction factor ¢ for anchor§mg-§e in concrete shall be as follows when the load combinations of
9.2 are used:

a) Anchoe governed by strength of a ductile steel element

i) Tension Loads

................................................................................................................... 0.80
1) Shiear Loads cuveinecsnescaneseesnnes teeeertrsaseeresesssatartasesssanrernansasanas 0.75
T} Anchor poverned by streagth of 2 brittle steel element
1) e SI00 LGS e iirreerriaeersansemeetessnssssenssnsesosssassnssossessesesssnstsstasaesssssantonsssnassssnsssssesiassassassnass 0.70
11) Sticar Loads w.aeesinessans oreseeresnansasentstteas sttt esatesaseraesseerssanseasastantes 0.65
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¢,-Anchor governed by concrete beeakout, side-face blowout, pullout or pryout strengt

0.75
B.4.5° Bearing Steeagth

B.4.5.1 - A combination of bearing and shear friction mechanisms shall not be used to develop the nominal shear
strength defined in accordance with 0.2-ofthe-Code. If the requirements of 9.2.3 are satisfied, however, it is
permitted touse the available confining

force afforded by the tension anchors.in combination with acting (ot
applied) loads used in determining the shear strength of embedments with shear lugs.

B.4.52 - The design bearing streagth used foc concrete o grout placed against shear lugs shall not exceed 1.3 ¢ using &
‘strength reduction factor ¢ of 0.70. Foc grouted installations, the value of £.* shall be the compressive strength of the grout
or the conceete, whichever is less. )

B.5-Design reciuiren « nts for tensile loading

1
B.5.1-Steel strength of anchor in tension

i
B.5.1.1-The nominal strength ©

£ an anchoc in teasion as governed by the stecl, N, shall be evaluated by calculations
based on the properties of the anchor material and the physical dimensions of the anchor.

B.5.1.2-The nomin:! wtreagth of an anchoc of group of anchocs in tension, N, shall not exceed:

l
N, =nAy fu B3) —--
S where £ sh?ll not be taken greater than 1.9f, oc 125,000 psi.
B.52-Concrete Lrcakout strength of anchor in tension
B.52.1-The nominal ooncret;&&kwt strength, Nor, of an anchoc oc groap of anchocs in teasion shall not exceed: |
() fox o cingle anchoc )
e =ﬁ"’2¥’3 Ny - - ®4
. @) for 2 group of anchors:

Nesg =%V,v, ¥, Ny (B-4b)

N, dsthe besiosoess i ;

Sew

5 3 = stplofi : seerete—Ay s the projected area |
of the failure sucface foc the anchoc oc group of anchocs that shall be approximated as the base of the rectilinear
geometrical figie that results from projecting the fajlure surface outward 1.5h. from the centeclines of the anchor, oc in
the casé of a grop of anchors, from a line through a row of adjaceat anchocs. Ax shall not exceed n Ay, , where n is the
number of tensined anchors in the group. A is the projected area of the failure surface of a single anchor remote from
edges: .

ANo = 9 hz,f - (B-S)
B.52.2-The *<ic concrets breakout streagth, N, of a single anchor in tension in cracked concrete shall not exceed: \
No=kJFL HY (B-62)

where 1- == 24 for cast-in Lieaded-studs-and-headed-baltsanchors
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N k= 17 for ;: t-installed anchors.

Alternatively, foc cast-in headed studs and headed bolts with 11 in. < bt <25 in., the basic concretz teeakout strength of 2
single anchox in pcns'xon in cracked concrete shall not exceed: :

N, =16{1n "

(B-6b)

B.52.3-For the special case of anchors in an application with three

oc four edges and the Jargest edge distance Cpux < 1.5
hy, the embedment deyth heused in Eq. (B-5), (B-6), (B-7), 2nd (B-8) shall be limited to Crad 1.5.

B.52.4-The modificat’  factor foc eccentrically Joaded anchor groups is

1
Y, =—— <1

2ey

‘ @7
(1 +§-}T‘;)

|
EBq. B-T)isvalid for ¢y <5/2.

If the loading o an anchoc group is such that only some anchocs are in tepsion, oaly those anchors that are in tension
<hall be considered vhen determining the eccentricity, €} , for use in Eq. (B-7).

In the case where eccentric loading exists about two axes, the modification factor, yy, shall be computed 1or eadt axis
individually and the product of these factors used as ¥, m Bq. (B-4b). -

\; is equal t0 1.0 ¢ a ductile embedment analyzed Qs'mg oaly linear (elastic) analysis techniques.
B.52.5-The modification factor foc edge effects is:

v,=11if Coin 215 her (B-84)
w,=0.7+0.3=5 ifc;, <I1.5hg (B-8b)
1.5h, mia
BS2.6-Whea an anchoc "is located i a regiod of a concrete member where analysis indicates DO cracking
(f. < £) under the- load combinations specified in 9.2 with Joad factocs taken 25 unity, the following modification factoc
shall be permitt: /! ’

Y, = 1.25 for cast-in anchors heed2d-studesad-headedboltand

" W,= 1.4 for post-instalied anchors.

1.£2.7-When analysis indicates cracking under the load

combinations specified in 9.2 with load factocs taken as unity,
W, shall be taten as 1.0 foc both cast-in anchocs and post-installed anchocs. The cracking in the concrete shall bte
controlled by flexural reinfoccement distributed in accordance with 10.6.4, or equivalent crack control shall be provided by
coafining reinfoccement.

B.52.78-When an additional plate oc washer is added at the head of the anchex, it shall be pcrmltt.cd to calaulate the

projected area of the failure surface by projecting the failure surface ontward 1.5h . from the effective perimeter of the plate
oc washer. ‘Ihe effective perimeter sh than t from the outex

a1l not exceed the value at a section projected outward moce
edge of the b .d of anchor, where t is the thickness of the washer o plate,
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2.8 - For post-installed anchors, it shall be permitted to use a coefficient, k, in equation B-67a based on the 5
Speteent fractile of results from product-specific tests. For such cases, the modification factor, s, shall be based
oa & direct comparison Letween the average ultimate failure loads and the charactecistic 1oads based on the 5
Shpercent fractile of product-specific testing in cracked concrete and otherwise identical product-specific testing in |
uncracked concrete.

B.53-Pullout strengtl of anchor in tension

B.53.1-The nominal y nllout strength, W, of an anchor in tension shall not exceed: |
NPﬂ = I)y4 Np

®B-9)
B.532-For post-installed expansion and undercut anchors, it is not permissible to calculate the pullout strength in
tension. Values of N, shall be based ca the 5 Fepercent fractile of results of tests pecformed and evaloated accocding to
B33.

B.533-For single cost-in headed studs and headed bolts, it shall be permitied to evaluate the pullout strength in tension
using B.5.3.4.

B.53.4-The pullout \trength in tension of a single headed stud oc headed bolt, N, , for use in Bq. ®-9),

shall not exceed:
No=A-8F- (B-108) \
- N=AnL8fE -

/B.SS.S—FO{ an archor located in 2 region of a concrete membet whete analysis indicates no cracking (k< £) under
the Ioad combinarhns specified in 92 with load factors taken as unity, the following modification factor shall be
permitted:
V.= 14

Otherwise, Y, shali be taken as 1.0.

B.5.4-Concrete side-face blowout strength of a headed anchor in tension

B.5.4.1-For a single headed anchor with deep embedment close to an edge, the nominal side-face blowout streagth Ne,
shall not exceed: ‘

N, =160cA, 7.

®-11)
If the sinple anchor is located at a perpendicular distance, & , less than 3¢ from an edge, the value of Ny shall be modified
By-multipliedsine it by the factoc (1 + /¥4 where 1< /e < 3.

B.5.42-For multiple-headed anchors with deep emmbedment close to an edge (e < 0.4 1) and spacing between anchors |
less than 6c, the nominal streagth of the outer anchors along the edge in the group foc a side-face blowout failure Ny,
shall nex exceed: )

N,, =(1+-gce-) N, ‘ (B-12)

where s, = spacing of the outer anchocs aloag the edge in the group and N, is obtained from Eq. (B-11) without
modification for a pecpendicular edge distance. The nominal strength of the group of fasteners shall be taken as the
nominal strenyth of the outer fasteners along the cdge multiplied by the number of rows parallel to the edge.
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b .~Design requirements for shear loading
B.6.1-Steel strength of anchor Inshear

B.6.1.1-The nominal strength of an anchoc in

shear as governed by stecl, V, , shall be evaluated by calculations based on
the propecties of the anchor matesial and the physical dimensions of the anchex. -
B.6.12~The nominal strength, Y

of an anchor or group of anchors in shear shall not exceed:
(@) for cast-in sveldedheaded stud anchocs:. \
Vi=nAsSu B-13)
where £, shall not be taken greater than 19, oc 125,000 psi.
|
() for cast-in theeadedheaded bolt anchors: -
V. =n0.6A,fiz' ®-14)
where £, shall not be taken greater than 1.9, oc 125,000 psi.
(© for post-installed anchocs:

V, = n{0.6 Ay fie + 04 Aafud)

" (B-15)
wher - {« shall not be taken greater than 1.5f, oc 125,000 pst.

\_“When the anchor is installed so that the critical failure plane does not pass through the sleeve, the area of the
sleeve in Bq. (B-15) shall be taken as zero. )

B.6.13-Where, anchocs are used with built-up groat pads, the nocinal strengths of B6.12 shall be reduced by 2 0.80 \
Bgoc20-5%- o : -

B.6.1.4 - Friction between the baseplate and concrets may

‘e considered to contribute to the ncaminal shear
strength of the connection. The nominal shear strength res

ulting from friction between the ‘baseplate and concrete
(that is, without zny contribution from anchorcs) may

B.62-Concrete Lreakout_s'tre_ngth of anchor In shear

B.62.1-The ne.iinal concrete breakout streagth, Vs, in

shear of an ancher of group of endics shall pot exceed: \
(2) for shear focce perpendicular to the edgecn 2 single anchoc
A (B-162)
Vo =Lyep,Vy
Avo .
() fi« shear force perpendiaular to the edge oa 2 group of anchoxs:

Vo, = ’A% Vs¥VeWqVe (B-16b)

(©) foc shear force parallel to an edge, Vo 0 Ve shall be permitted to be twice the value foc shear focce
determined from Bg. (B-16a oc b) respectively with /g takea equalto 1.

{ex{d _for anchocs located at a comer, the limiting nominal coacrete breakout strength shall e determined for \
each edge and the minimum value shall be used. .
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. -4sthe-hasteconerele Lreakeatstrengthvnluefoea-sinple-nnchioe—A, is the projected area of the failure surface ca the
side of the concrete member at its edge foc a single anchoc or a group of anchocs. It shall be permitted to evaluate this area
as the base of a truncated half pyramid projected oa the side face of the member where the top of the half pyramid is given
by the axis of the anchor row selected as critical. ‘The value of ¢; shall be taken as the distance from the edge to this axis.
A, shall not exceed nA ,,, where n is the number of anchocs in the group. '

A is the projected area foc a single anchor irra deep membet and remots from edges in the direction perpendicular to the
shear force. It shall be permitted to evaluate this area as {he base of a half pyramid with a side length parallel to the edge
of3c;andadepthof 1.5¢: :

An=4.5¢" ®-17)
Where anchocs are located at varying distances from the edge and the anchocs are welded to the attachment so as to
distiibute the force to all anchocs, it shall be permitted to evaluate the streagth based oa the distance to the farthest row of
- anchocs from the edge. In this case, it shall be permitted to base the

value of ¢y oa the distance from the edge to the axis of
the farthest anchor row which Is selected as critical, and all of the shear shall be assumed 10 be carried by this critical
anchor row aloae.

B.6.2.2-The basic orncrete breakout strength, Vy. in shear of a single anchor in cracked concrete shall not exoeed: |

02 ’
£ 0 .
Vo= 7('2_ ‘\‘ do fc C}S (B-18a)

v/
B.623-For castin headed studs, o headed bolts, (hat are rigidly welded to steel attachments having 2 minimum
. thickness equal to the greater of ¥ in. oc half of the anchor diameter, unless-detecmined-to-poasedanes-witr B-H3-the
basic concrete breakout streagth, Vs, in shear of a single anchec in cracked concrets shall not exceed:

0.2
£ .
o

provided that:

d) for groups of anchors, the streagth is detecmmined based on the strength of therow of anchocs farthest from
the edge- - .

€} the ceater-to-center spacing of the anchocs isnot less than 2.5 in.

<) supplemeatary reinfoccement is provided at the comers if c;, S 1.5h,.

"B.6.2.4-Foc the special case of anchors n-s-thia-fresbas-influenced by three oc more edges, the edge distance ¢; used in |
Eq. (B-17), (B-13), (B-19), and (B-20) shall be limited to b/1.5.

B.62.5-Then lification factor for eccentrically loaded anchor groups is:

w= —-13;— <1 (B-19)
I+5%
3a
Bq. (B-19) is valid for €, < 5/2.
B.6.2.6-The modification factor foc edge effects is:
we=1lif a2 1.5¢ (B-202)
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- we= 0.7+0.3

7 5C1 if c2<1.5¢ (B-20b)

B.62.7-For anchocs located in a region of a concrete member where analysis indicates no cradking
(£, < £) under the Toad combinations specified in 9.2 with load factocs taken as wmity, the following modification factor
shall be permitted:

For anchors located in « region of a concrete member where analysis indicates cracking under the load combinations
specified in 9.2 with load factocs takcn as umty, the followmg modxﬁumou factocs shall bc pcmum:d Jn-eeder- {o—he
exasidecednsedsereinfoccene :

vy =10

for anchors in cracked concrctc thh o gmnlmmtaw ee-.—ze—remfmcanmt < § unolcmcntm:x eé%
reinforcement smaller than a #4 bar: i
y;=12  fic anchors in cracked concrets with supplementary edge-reinfoccement of a #4
f.r oc greater between the anchoc and the edges |
Y= 14

for anchocs in cracked ooncrete with supplementary edee-reinfoccement of a #4
lar oc greater between the anchoc and the edge and with the supplenientary edze
reinfoccement enclosed within stirrups spaced at no¢ moce than 4 in.

To be considered as supplementary reinforcement, the seinforcement shall be desizued to

B.63-Concrete prvsut strenéth of anchor in shear
B.6.3.1-The nomin" pryoat strength, Vg, shall ot exceed:

Vep =kepNep ®-21)
where
ke =10forhg<2.5in,
=20forh,>2.51n.
and N, shall be determined from Bq. (B-4a), 1b.

B.7-Interaction »f tensile and shear forces

Uhnless determined in accordance with B.4.3, anchocs oc groups of anchocs that are sibjected to both shear and axial Joads
shall be designed (o satisfy thcroqmmmmts of B 7 1 through B.7.3. '1116 valuc of (bN shallbc
smallestalthesioe

asdcﬁncdn’B4 L‘Zt&e
Wﬁ\,ﬁﬁ&é&%ﬂmﬁﬁmﬁéﬁ“ ¥ steens =

BI-IEV, €02V, then full strength in tension shall be permitted: ¢N, >N,
B.72-IEN, <0 24N,, then full strength in shear shall be permitted: $Va >V

B.73-IEV, > 024V, and Ny > 024 N,, then:

_I_‘T_L_'_.Zx:_.<_12

$Ne PVn ®-22)

B.8-Required edge distances, spacings, and thicknesses to preclude splitting fallure
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Minimum spacings and cdge distances

foc anchocs and minimum thicknesses of members shall confocm to B.8.1 through
B.8.6, unless supplemne: ey reinfoccement is provided to coatrol splitting. : 1

chall be 4d, for untocqued anchors and 64, for |

Draft 10/01/00

B.8.1-Minimum cent: r-to-center spacing of cast-in frended-anchors
torqued anchoxs. )

B.8.2-Minimum cente- to-center spacing of post-installed anchors shall be based on tests performed according to B3.3.
B.83-Minimum edge distances for cast-in hesded-anchors that will not be tocqued shall satisfy the minimum cover \
requirements foc reinfuccement in 7.7, Minimum edge distances for cast-in headed-anchors that will be torqued shall be
based o the greater ¢f the minimum covet requirements foc reinforcement in 7.7 or 6&.. ’
B.8.4-Minimum edge distances for pos;t-ixis(allcd anchocs shall be based ca the greater of the minimum cover
requirements foc reinfoccement in 7.7 o the minimum edge distance requirements for the products as determined by tests
performed accoeding 10 B33, and shall not be less than two times the maximum aggregate size.

B.8.5-The value of hy for an expansion or undercut post-installed anchoc shall not exceed the greater of either % of the
member thickness or the member thickness less 4 in.

B 8.6-Project drawings and project specifications shall specify use of anchors with 2 minimum edge distance as assumed
—indesignm—— '

B.9—instaﬁaﬁon of =:nchors

N B.9.1-Anchors shall be installed in accordance with the project drawings and project specifications and the requirements
stipulated by the : nchoc manufacturez.

B.9.2-The engineer shall estblish an inspection program to verify proper installation of the anchocs.
B.9.3-The enginear shall establish a welding procedure to avoid excessive thermal dcfmmaﬁon of an embedment
that, if welded to the atfachment, could cause spalling or cracking of the concrete or pullout of the anchor.

B.10-Structur:! plates,'shap&s, and speclalty inserts

B.10.1~The de<ign strength of embedded structiral shapes, fabricated shapes, and shear lugs shall be determined
based on fully yielded conditions, and using a ¢ factor of 0.9 for tensica, compression aad bending (and
combinations thereof), and 055 for shear.

/7
B.10.2-For st uctural shapes and fabricated sieel sections, {ae b chall te Cecizned for the shear and the flanges
shall be desipn-d for the tension, compression, and bending.

B.10.3-The nominal strength of specialty inserts shall be based on the SSpereent fractile of results of tests \
performed and evaluated according to B.3. Embedment design shall be according to B.3 with strength reduction
factors according to B.4.4.

B.11-Shear capacity of embedded plates and shear lugs
B.11.1-General

- The shear strength of grouted oc cast-in-place em

bedments with shear Tugs shall include coasideration of the bearing
strength of the coacrete oc grout placed against the shear lugs, the direct shear strength of the concrete oc grout placed
between shear lugs and the confinement afforded by the teasion anchocs

in combiation with external 1cads acting across
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Po_tial sheac planes. Shear loads toward free edges and displacemeant compatibility between shear lugs shall alsa be
coasidered.  Whean multiple shear lugs are used to establish the design shear strength in a given direction, the
magnitude of the allotted shear to each lug shall be in direct proportion to the total shear, the number of lugs, and
the shear stiffness of each lug.

B.112-Skear towarad (~ee edge

For shear lugs bearing, toward a free edge, unless reinfoccement is provided to develop the required streagth, the design
shear strenpth for each lug shall be determined based on 2 uniform tensile stress of -4 ¢ -\’f‘c acting on an effective
stress area defined by projecting a 45 degree plane from the bearing edges of the shear lug oc base plate to the fres surface.

The bearing area of the shear lug oc plate edge shall be excluded from the projected area ~Fhisstreasdr-chellbe-reduced \
bradfactsref085-The factor shall be taken as 0.85.
|

pey AL NAA

B.llS—éhear strength of embedments with embedded base plates
|

Foc embedments having a base plate whose contact

calculated using the shear-friction

curface is below the surface of the concrete, shear streapth shall be
provisions of 11.7
friction coefficients: .

of-thig-code-(as modified by this section), using the following shear-

Base plate without shear lugs - 09

Base plate with «1.ear lugs that Is designed to Temain elasuc P

. The tensioa anchor steel area required to esist external Ioads shall Be added to the tensicn anchoc steel area required due
“—"to shear friction.

B.12~Grouted ennhredments

B.12.1-Grouted ~bedments shall meet the applicable requirements

of this chapter.
B.12.2-For general grouting purposes the material requirements for ccment grout shall bein accordance with
Chapter 3-ofthis-eede. The use of special grouts, containing epoxy or other binding media, or those used to achieve |
propexties such us high streagth, low shrinkage or expansion, ot early strength gain, shall be qualified foc use by
the engineer and specified 1n contract documents. o .

B.12.3-Grouted ebedments ghall be tested 10 verify embedment strength. Grouted cmbedments instalied in
tension zones of concrete members shall be capable of sustaining design strength in cracked concrete. Tests shall
be conducted by an independent testing agency and shall be certified by a professional engineer with full
description and details of the testing programs, procedures, results, and conclusions.
B.12.4-Groute.! embedments shall be tested for the installed condition by testing randomly selected grouted
embedments to a minimum of 100%peecent of the required strength. The testing program shall be established by \
the engineer. ' . .

B.12.5-The tests required by B.12.3 and B.12.4 may be waived by the engineer if tests and installation data are
ayailable to demonstrate that the grouted embedment will function as designed or if the Joad transfer through the
grout is by direct bearing or compression.
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}ﬁ;endlx B Comment i~y - Anchoring to Concrete

ACI 349 Appendix B was developed in the fnid 1970s following review of design methods and available test data.
Since that time thege has been extensive additioaal test data. In 1992, a task group was formed to compare the
Appendix B methodology to that of the Concrete

Capacity Design (CCD) Method for all available tests results.
The review indicated that concrete breakout failures were predicted

| better (for cxample, for bolt groups, and edge
conditions) by the new prediction equations in the Concrete Capacity Design Method than by the cdcreént design
method of Appendix B. After extensive review, ACI 349 chose to incorporate the Concrete Capacity Design
Method to improve the requirements of the previous Appendix B. References B.1 andB.2 describe the background
and show comparison - of this method agai

nst the methods specified in ACI 349-97 Appendix B.

Evaluations of the methodology of ACI 349 Appendix B and the Concrete Capacity Design Method are provided in
References B.3 to B.6. These evaluations are based on the provisions included in the 1976, 1985, and 1997
editions of Appendix B. This work and additional testing is described in Reference B.7. Comparisons between
the methods are shovn in RB.13, These comparisons show the following key differences in the requirements:

The concrete bre:kout strength increases with embedment depth. In Appendix B (ACI 349.97) the increase
was proportional to the square of the embedment dep

th. In the Concrete Capacity Design Method the increase
is proportional to the embedment depth to the power, of 1.5. The methods give similar results at about Sin. of
embedment deptl; the Concrete Capacity Design Method is more conservative for increased embedment depth.

Ueovokk

ath js-affected by the spacing to adjacent anchors and edges. The Concrete
Capacity Desipn Method assumes no in

teraction when the spacing of adjacent anchors is three times the
embedment depth, whereas Appendix B (ACI 349-97) assumed Two times the embednrnt deptin The Conerete
Capacity Design Method assumes no interaction when the anchors are installed with edge distance greater
fhan 1.5 times the embedmeat depth, while Appendix B (ACL345-97) assumed 1.0 times the embedment
depth.

R3.0- Notation

A= the efTective stress area, A,. , may be diffecent in tension and shear. Reductions in cross section due
to theeading or an éxpansion mechanism affect the tendion area but may not affect the effective shear
aren. The cffective ceoss-sectional area of an anchor should be provided by the manufacturer of
expansion anchors with reduced cross-sectional area for the expansion mechanism. For threaded.
bo's», ANSUASME B1.1%* defines A as:

2
09743
A“ =£ (dc - 2 }
4 n,

where n, is the number of threads per in.

ecceatricity of nocmal focce oa a group of anchocs; the distance between theresultant tension load ca a
gioup of anchors in teasion and the ceatroid of the areas of the group of anchocs loaded in tension, in. [See
¥z, RB5.2(b and ©)]

hy = ¢ffective embedment depths for a variety of anchor types are shown in Fig. RB.1.
K. = «-nfinement factoc (RB.11)

RB.1 - Definitions
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\\__Hle steel element nud Ductile steel element — The 14% cloneation £hall be measured over the gage length
specified in the appropuiate ASTM standard for the steel

SG-Fraetile—The S H-fractile; Foqm Bt whete P d

vasiation-pnd-K—depends-en-the-numbes-oltestyr—5 perc

ent fractile — The dt.:tcnninat'xon of the coefficient K
associated with the 5 peroent fractile, 3 _- Ko, depends oo the number of tests. 0,

used to compite X. and .
Values of K range; for examiple, front 1.645 for n =10 2.010 for n=40, and 2.568 forn = IQ.

RB.2 — Scope

RB 2.1 — ACI 349 uces the term embedments to cover a broad scope that includes anchors, embedded plates, shear
lugs, grouted embedments, and specialty inserts. It covers the same scope as was included in the 1997 code.
RB23 - Typical cast-in headed studs and headed bolts with geometries consistent with ANSU/ASME B1.1,2*
B18.2.17° and B18.2.

€319 have been tested and have proven to behave predictably, so calculated pullout values
are acceptable. Post-installed anchors do nothave predictable pullout capacities,
tested. .

and therefore are required tooe

RB.2.6 — Typical embedment configurations are shown in Fig.RB.2.1 and RB.2.2. These figures also indicate the
extent of the embedment within the jurisdiction of this code. .

- M \

— RB.3 - Generalvequirements

RB.3.1 — When the steength of an anchor group is governed by breakage of the oacrete; the behavior is brittle-and

; , there is limited re-Jistribution of the forces between the hichly siressed and less stressed anchors. In this case, the \
theory of elasticity is required toshauld be used assuming the attachment that distributes loads to the anchors 1s
sufficiently stiff. The forces in the anchors are considered tobe proportional to the external load and its distancs
from the neutra! ««is of the anchor group.

If anchor streagth is governed by ductile yiclding of the anchor steel, significant redistribution of anchor forces can
occur. In this case, an analysis essuning-based on the theory of clasticity will be conservative. References B.11 to \
B.13 discuss nonlinear analysis, using the theory of plasticity for the determination of the capacities of ductile
anchog groups. : " :

RB.3.3 - Many anchors i a nuclear power plant must perform as designed with high confidence, even when
exposed to significant seismic loads. To prevent unqualified anchors being used in connections which must
perform with high confidence under significant seismic load, all anchors are required to be qualified for seismic-
zone usage by passing simulated seismic tests. The qualification should be performed consistent with the
provisicas of this Appendix and should be reviewed by a professional engineer expedienced in anchor techuology.
Typical simuluted seismic-testing methods are described in Reference B.7. For a post-instalied anchor t6 beused
in conjunction with the requirements of this Appendix, the results of tests have to indicate that pullout failures
exhibit an acceptable load-displacement characteristic or that pullout failures are precluded by another failure
mode. ACI 349 requires that all post-installed anchors be qualified, by independent tests, for use in cracked
concrete. /.nchors qualified for use only in uncracked concrete are not recommended in nuclear power plant
structures.

The design of the anchors for impactive or impulsive loads i

s not checked directly by simulated seismic tests. An
anchor that has passed the simulated seismic tests, however, should function under impactive tensile loading in
cracked concrete.

RB.3.4 —The provisions of Appendix B are applicable to normalweight concrete, The design of anchors in heavy
weight concrete should be based on testing for the specific heavy weight concrete.
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\__»3:5— A limited number of tests of cast-in and post-installed anchocs in high-strength coacrete B indicate that
the design procedures contained in this Appendix over predict streg gth, particularly for cast-in anchors, at fe>
10,000 psi. Until further tests are available, an upper limit of £ = 10,000 psi has beenwes imposed in the design |
of cast-in anchors. This is coasistent with Chapters 11 and 12. Some post-installed anchors may have difficulty
expanding in high-stren gth concrete. Because of this, f. is limited to

8000 psi ip the design of post-installed
anchors, unless testing is ed. .- \
RB.3.6.1 — The design provisions of ACI 349 Appendix B for anchors in nuclear power plants retain the
philosophy of previous editions of ACI 349, by encouraging anch

ot designs tobave a ductile-failure mode. This is
consistent with the strength-design philosophy of reinforced concrete in flexure. The failure mechanism of the
anchor is controlled by requiring yield of the anchor prior to a brittle concrete failure. A ductile design provides
greater margin than 2 nonductile design because it permits redistribution of load to adjaceat anchors and can
reduce the maximum dynamic load by enetgy absorption and reduction in stiffness. For such cases, the design
strength is the nominal strength of the steel multiplied by a steength reduction factor of 0.90. .
The specified ultimate tenstle strea gth of the embedment should be determined based on those portions of the

embedment that traismit tension or shear Joads into the concrete. The ultimate shear strength of the steel 1s taken
as 65 Spereeut of the ultimate tensil

e strength. Ttis not necessary to develop an embedment for full axial tension
ed that the eaibedment will be subjected to one type of loading (such as
tension, shear or flexure). An embedment 1

eed not be developed for tension or shear if the load is less than 20
Sopercent of the full teasion o sheat capacity. This value of 20%

) pereent is coasisteat with the value of 20
Gepercent used in the equation inB.7.

An embedment may be considered subject to flexure only when {he axial tension loads on the embedment are less
than 20 %percrut of the nominal strength in tension. ) -

RB.3.62 — A ductile design can also be achieved by designing the attachment to yield before failure of the anchors.
To such a case, the anchors can be monductile so long as they arc stronger than the vield strength of the
attachment. This is established with 2 margin equivalet to that in B.3.6.1. B.3.62 is based on attachment yield
strength, f,, whereas B.3.6.1 uses f,: because attachments are typically of A36 matedial and the strength is better
charactecized by the yield strength. The 0.75 factor allo

ws for the actual yield versus specified minimum yield.

RB.3.6.3 ~There are situations where a ductilé-failure mode cannot be achieved. Previous editions of ACI 349 ~

included specific provisions for commercially available, nonductile expansion anchors that were peaalized by
specifying a lower streagth reduction factor. The current Appendix B includes more geaeral provisions foc
anchiors for which a ductile-failure mode cannot be achieved. Such situations can occur foc anchars in shallow
slabs, close to edges or close to other anchors. The factor of 0.60 is specified to account for the Jowex margins
inherent in a nonductile design relative to thoseina ductile design. :

RB.3.8 - Ductile steel elements are defined in B.1 tohave 2 ipinimum elongation of 14%pezcent in 2 in. This
requirement i meant to easure sufficient ductility in the embedment steel. The Timit of 14%percent is based on
ASTM A325' 'S and A490°¢ anchor materials that have been shown to behave in a ductile manner when used for
embedment steel.

RB.3.9 — Anchors that incorporate a reduced section (such as threads, notch, or wedge) in the load path (the term.
load path includes tension load path and shear loa

d path) may fail in the reduced section before sufficient inclastic
deformation has occurred to allow

redistribution of anchor tension and shear focces, thus exhibiting low ductility.
This can be prevented by requirement (2) whi educed section will occur before

ch easures that yield of the uar

failure of the reduced section. Shear failure can be affected significantiy by reduced sections within 5 diameters of
the shear plane (many wedge type anchors). In this case, tests for the evaluation of the shear capacity are required.
Tests reported in Reference B.11 for a limited number of attachment types, stecl strength, and diameters have
shown that threaded anchors will exhibit sufficieat ductility to redistribute tension and shear forces.
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“_»:3.10 - The design provisions for impulsive and impactive loads in Appendix C may be used for embedments.
Energy can be absortxd by deformation of anchors designed for ductile steel failure.

RB.4 - General requ'rements for strength of structural anchors

RB.4.1 - This section provides the requirements for establishing the strength of anchors to concrete. The various
types of steel and concrete failure modes for anchars are showiin Figs. RB4.1.(d) and RB.4.L.(b). Comprehensive
discussions of anchor failure modes are included in References B.1, B.2, and B.17. Any model that complies with
the requirements of B.4.2 and B.4.3 can be used to establish the concrete related strengths. For anchors such as
beaded bolts, headed studs, and post-installed anchors, the concrete breakout design method of B.5.2 and B.6.2 is
acceptable. The anchor steerigth is also dependent on the pullout strength of B.5.3, the side-face blowout strength
of B.5 4, and the minimum spacing and edge distances of B.8. The design of anchors for teasion recognizes that
the strength of anchors is sensitive to appropriate installation; installation requiremeats are included in B.S.

Test procedures can also be used to determine the single anchor breakout strength in tension and in shear. The test
results, however, are required to be evaluated on a basis statistically equivalent to that used to select the values for
the concrete breakout method considered to satisfy provisions of B.4.2. The nomixal streagth cannot be taken
greater than the 5 % percent fractile. The number of tests has tobe considered in determining the 5 $opereent
fractile. .

RB.42 and 4.3 --B.42 and B.4.3 establish the pecformance factors for which anchor design models are required
as long as sufficient.data are available to vecify the model.

—tomaﬁc&—Manmm&&m@&bpmehmmmmwwﬁmmkﬁtMmmmgﬂﬂ__

\__~ KB.42.1-The »ddition of supplementary reinforcerent in the direction of the load, confining reinforcement, or

both, can greatly eahance the strength and ductility of the anchor connection. Such enhancement is practical with
cast-in anchors such as those used in precast sectiogs.

-

‘The shear strength of headed anchors Tocated near the edge of a member can be significantly increased with
appropriate supplementary reinforcement. References B.17 t0B.19 provide information on designing such
reinforcement. The effect of supplementacy reinforcement is ot included in the concrete breakout calculation

method of B.5.2 and B.6.2. The engineer has to rely on other test data and design theories to include the effects of
supplementary reinforcement. i ’

For anchors exceeding the'limitations of D.4.2.2, for situations where geometric restrictions limit breakout
capacity, or bath, reinforcement propoctioned to resist the total load, oriented in the direction of Icad, within the
breakout prisin and fully anchored on both sides of the breakout planes, may be provided instead of calculating
breakout capacity.

The breakout sirength of an u{ucinforccd connection can be taken as an indication of the 1oad at which significant
cracking will oocur. Such cracking can represent a serviceability problem if not controlled (see RB.6.2.1).

RB.4.2.2 — The method for concrete breakout design included as considered to satisfy B.4.2 was developed from
the Concrete Capacity Design (CCD) Method, B2 which was an adaptation of the x Meth and is
considered to be accurate, relatively easy to apply, and capable of extension to irregular layouts. The CCD Method
predicts the load-bearing capacity of an anchor or group of anchors by using 2 basic equation for tension or for

shear for a single anchor in cracked concrete, and multiplying by factors that account for the number of anchors,
edge distance, spacing, ecceatricity, and absence of cracking. The limitations on anchor size and embedment
depth are baved on the range of test data,

B20,B2L1
od,
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‘e breakout streagth calculations are based on a model suggested in the x Method. Itis consistent with a
breakout prism angle ol approximately 35 degrees [Fig. RB.4.2 (a) and (0)].

RB.4.4 - The ¢ factors for stecl strength are based on using fi to determine the nominal strength of the anchor (see
B.5.1 and B.6.1) rather than f, as used in the design of reinforced concrete members. Although the ¢ factors for
use with f,, appear low, they result in a level of safety

consistent with the uss of higher ¢ factors applied to f; . The
smaller & factors for shear than for tenston do not refiect basic matorial diffecences But father account:for the
possibility of #non-yniform distribution ¢ of shear in connections with multiple anchors. It is aceeptable tohave a
ductile failure of a stect element in the attachment if the attachment is designed so that it will undereo ductile
vielding at a load level no greater thun 75 percent of the minimum desion strength of an anchor (Se£ B.3.6.2).
‘The ¢ factor islower-than-for-a-duatilesteel-failuee-for anchors governed by the more brittle concrete breakout or
blowout failure is lower than for 8 duc ile steel fuilure. Even though the ¢ factor for plain concrete uses 2 value of l
0.65, the basic factor for brittle failures (¢ = 0.75) has been chosen based on the results of probabilistic studies.
For anchoring to conczets, the use of ¢ = 0.65 with mean values of
safety levels. The nominal resistance expressions,

concrete-controlled failures produced adequate
based on the 5 Sepercent fractiles. Thus, the ¢ = 0.

used in this Appendix and in the test requirements are
65 value would be overly conservative. Comparison with other
design procedures and probabilistic studies B* i

indicated that the choice of ¢ = 0.75 was justified.

however,

RB.4.5 —-Bearlny strength

RB.4.5.1 —B.4.5.1 prohibits the engineer from combin
shear friction (such asshear § )

ing shear strength of bearing (for example, 2 shear lug) and
distribution-of shear resistanee 252 resulto

—Tht trs'taa—is—jus&ﬁed_in_ma-itis_dxfﬁmﬂmlxﬁigt_lm____ .
f diffecential stiffness of the two mechanisms. This exclusion is required
because of the displacement incompatibility of these two independent and nonconcurrent mechanisms. Tests show
\_- - that the relatively smaller displacements associated with the bearing mode preclude development of the shear-
friction mode until after bearing mode failure* As described in RB.11.1, however, the confining forces afforded
by the tension anchors in combination ith other concurrent external loads acting across poteatial shear planes can
result in a signticant and reliable increase in bearing mode shear capacity and can therefore be used.

RB.4.5.2 — For shear lugs, the nominal bearing strength value of 13 £ is recommended based on the tests
described in Refereace B22 rather than the gener

al provisions of 10.15. The factor of 0.70.corresponds to that
used for bearingz on concrete in Chaptez 9. ’

RB.5 — Deslgn requirements for tensile loading

RB.5.12 — The nominal tension streagth ‘of

anchors is best represented by A, rather than A,f; since typical
anchor materials do not exhibit a well-defined yield point. Th

e American Institute of Steel Coastruction (AISC)

has based tension strength of anchors on A, since the 1986 edition of their specifications. The use of Eq. B-3

ith the load factoes of Section 9.2 and the ¢ factors of D.4.4 gives results consistent with the AISC Load and
Resistance Factor Design Specifications. :

The limitation of 1.9, on f.: is to‘ensure that under service load conditions the anchor does not exceed f,. Thelimit
on fi of 1.9, was determined by converting the LRFD provisions to corresponding service level conditions. For
ACI Section 9.2, the average load factor of 1.55 (from 1.4D+1.7L) divided by the highest ¢ factor (0.8 for tension)
results in a Tmit of f,/f, of 1.55/0.8 = 1.94. For consistent results the secviceability limitation of f, was taken as
1.9f,. If the ratio of fisto fy exceeds this value, the anchoring may be subjected to secvice Ioads above f;. Although
Dot a coneern for standard structural steel anchors (maximum value of fudf,

is applicable to some stainless steels.

is 1.6 for ASTM A307), the limitatica
RB.5.2 — Concrete breakout strength of anchor in tension
REB.5.2.1 — The effects of multiple anchors, spacing of anchors,

and edge distance on the nominal concrete
breakout strength in tension are included by applying the modification factors Ax/ Ax. and 2 in Eq. B-4.
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F.__<B.5.1 (2) shows Ay, and the development of Eq. (B-5). A, is the maximum projected area for a single
anchor. Fig. RB.5.1 (1) shows examples of the projected areas for various single-anchor and multiple-ancher
arrangements. Because Ay is the total projected area for a group of anchors, and Ay, is the area for a single
anchor, there is no need to include n, the number of anchors, in Eq. (B-42) or (B-4b). If anchor groups are’
positioned in such a w-y that their projected areas overlap, the value of Ay is required to be reduced accordingly.

RB.5.2.2 — The basic equation for anchor capacity was derived ® *#34%22! assuming a concrete failure prism
with an angle of abont 35 degrees and considecing fracture mechanics concepts. '

The values of k were d-termined from a large database of test results in uncracked concrete ™! ats the 5 Gtpercent \
fractile. The values vere adjusted to corresponding k values for cracked concrete, > For anchors with a deep

embedment depth (h, > 11 in.) some test c:}idence indicates using hlq‘f can be overly conservative in some cases.
Often, such tests hav. teen performed with selected aggregates for special applications. An alternative expression
(Eq. B-6b) is providedi using hff for cvah!;aﬁon of cast-in anchors with 11 in. <he< 25 in. Thelimit of 25 in.

corresponds to the upper range of test data. This expression can also be appropriate for some undercut post-
installed anchors. 2t 1.2, however, should be used with test results to justify such applications.

RB.5.2.3 — For anchors influenced by three or more edges where any edge distance is less than 1.5 h,y, the tensile
breakout strength computed by the ordinacy CCD Method, which is the basis for Bq. (B-6), gives misleading

results. This occurs because the ordinary definitions of Ap/Ax, do not correctly reflect the edge effects. If the value

o b7 15 imitEa 10 ¢, . 125, WHETE Cox 15 the Iargestof the influencingwdge distancestiratare tess-thamorequalto

{heactual 1.5ha, this problem is-correstsd: -As-shovm byLutz 22

225 thisTimiting value of b is ta beused in By, B-
. B-6, B-7, and B-8. This approach is best understood when applied to an actual case. Fig. RB.S5.2 (2) shows how

¢ failure surface has the same area for any embedment depth beyond the proposed limit on b,y (taken as by in the
figure). In this example, the proposed limit on the value of Bee= Crud 1.5 to be used in the computations results in

by =h',c= 4 in/1.5 = 2.67 in. This would be the proper value tobe used foc I in computing the resistance, for
this example, ever if the actoal embedment depth is larger.

RB.52.4 —Fig.R11.5.2 (b) shows dimension e}, = ¢y for a group of anchors that is in tension but thatbasa

resultant force eccentric with respect to the centroid of the anchor group. Groups of anchors can be loaded in such
a way that only some of the anchors are in tension [Fig. RB.5.2(c)]. In this case, only the anchors in teasion are to
be considered in (determining e} . The anchor loading has to be determined as the resultant anchor tension at an

eccentricity with respect to the centes of gravity of the anchors in teasion. Eq. B-7 is limited to cases where
. ey < s[2 to alert the designer thatall anchocs may not be in teasion.

RB.52.5 —-If anchors are lomtcd close to an edge so that there is not enough space for a complete breakout prism
to develop, the luad-bearing capacity of the anchor is further reduced beyond that reflected in Ap/Ax. If the

smallest side cover distance is greater than 1.5 h., a complete prism can form and there is no reduction (> = 1).
If the side cover is less than 1.5 hy, the factor, ‘P, is required to adjust for the edge effect™ .

RB.5.2.6 — The analyses for cracking should consider all specified 1oad combinations using unfactored loads,
including the effects of restrained shrinkage. :

RB:527—Anchors that perform well in a crack that is 0.012 in. wide are considered suitable for use in cracked
concrete. If wider cracks are expected, confining reinforcement to control the crack width to about 0.012 in.
should bte provided.
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\452.9 — In the future, there are expected to be more expansion and undercut anchors that are 10 be calculated
with the k-value for he «ded studs. Tests with one special undercut anchor have shown that this is possible

RB.5.3 - Pullout strength of anchor in tenslon

RB.5.3.3 ~ The pullout strength in tension of headed studs or headed bolts can be increased by providing confining
reinforcement, such as closély spaced spicals, throughout the head region. This increase can be demonstrated by
tests.

RB.5.3.4 —Eq. B-10(2) corresponds to the load at which the concrete under the anchor head begins to crush 217 It

is not the load required to pull the anchor completely out of the concrete, so the equation contains no term relating
to embedment depth, ‘The designer should be aware that local crushing under the head will greatly reduce the
stiffness of the conucction and generally will be the beginning of a puliout failure.

RB.5.4 — Concrete ..ide-face blowout strength of anchor in tension

The design requirements for side-face blowout are based on the recommendations of Reference B.26. Side-face
blowout may control when the anchor is close to an edge (c<0.4 h.). These requirements are applicable to headed
anchors that usually are cast-in anchors, Splitting during installation rather than side-face blowout generally

- governs post-installed anchors. When a group of anchors is close to an edge, side face blowout will be controlled

by the row of anchors closest to the edge. The anchors away from the edge will have greater strength than those
T elsssttotheedge—Th

N

vy |
e-stde-faceblowo

rout-of the gronp is conservatively calculated using the strength of the
anchors closestto theedge, . . A

N\ RB.6 — Deslgn requirements for shear loading
RB.6.1 — Steel strength of anchor in shear

RB.6.12 ~ The nominal shear strength-of anchors is best rcpwscnbd by Asfu for welded-headed stud anchors and l
0.6A, . for other anchors rathcr than a ﬁmcuon of A,J’, since typxml anchor matnxals do not cx’hxmt awell-
defined yield point. -The-Ass e

Wt{)mgﬁwwﬁm%%&w&%&%wmmwﬁc use

of Bqs. B-13 and B-14 with the 10ad factors of Section'9.2 and the ¢ factors of B4.4 gives results consistent with
the AISC Load und Resistance Factor Design Specifications.

The limitation of 1 Sf; on f,, is to easure that under service load conditions the anchor does not exceed Jj. The limit
on f.r of 1.9f, was determined by converting the LRFD provisions to corresponding service level conditions as
discussed in R1'.5.1.2,

RB.6.1.3 — The shear strength of a grouted base plate is based on limited testing. It is recommended that the height
of the grout po 1 not exceed two in.

RB.6.1.4 — The friction force which develops between the base plate and concrete due to the compressive resultant
from moment and/or axial load contributes to the shear strength of the connectics. For as- rolled base plates

installed against hardened concrete, the coefficient of friction is approximately 0,402

If the frictional strength is larger than the applied shear 1oad, the base plate will not slip. When the frictional
strength is Jess than the applied shear, the shear resistance will be a combination of both frictional strength and
shear strength provided by the anchors. It must be assured that the compressive resultant used in determining the

frictional resistance acts concurrent with the shear load. The presence or absence of 1oads shouid satisfy Section
9.2.3. Compressive resultants due to secondary loads should not be considered.
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I 2-Concrete breakout strength of anchor In shear
p

2

RB.62.1-The shear-strength equations were developed from the CCD method. They assume & breakout cone
angle of approximately 35 degrees [Fig. RB.4.2 (b)] and consider fracture mechanics theory. The effects of
multiple anchors, spacing of anchors, edge distance and thickness of the concrete member on nominal concrete

breakout strength in shear are included by applying the reduction factor Av/Av, and s in Eq. (B-16). For anchors
fac from the edge, B.6.2 usually will not govern. For these cases, B.6.1 and B.6.3 often govern.

Fig. RB.6.2 (a) shows Ay, and the development of Eq. (B-17). Ay is the maximum projected area for a single
anchor that approximates the surface area of the full breakout prism or cone for an anchor unaffected by edge
distance, spacing, or depth of member. Fig. RB.6.2 (b) shows examples of the projected areas for various single-
anchor and multiple-anchor arrangements. *Ay approximates the full surface area of the breakout cone for the

particular arrangement of anchors; Since Avis the total projected area for a group of anchors, and Av, is the area
for a single anchor, 1l.ere is no need to include the number of anchors in the equation.

The assumption shown in Fig. RB.6.2 (b) with the case for two anchors perpendicular to the edge is a conservative
interpretation of the distribution of the shear force on an elastic basis. If the anchors are welded to a common
plate, when the anchor nearest the front edge begins to form a failure cone, shear load would be transferred to the
stiffer and stronger rear anchor. For cases where nominal strength is not controlled by ductile steel elements, B.3.1
specifies that load ctfects be determined by elastic analysis. It has been suggested in the PCI Design Handbook
approach ®¥7 that th increased capacity of the anchors away from the edge be considered. Because thisisa
Teasonable approach, assuming that the anchors are spaced far enough apart so that the shear failure surfaces do
ot imtersect;

EAR:6:2-alews-such-a-procedure. If the failure surfaces do not intersect, as would generally occur if
the anchor spacing, s, is equal 10 or greater than 1.5¢,, then after formation of the near-edge failure sutface, the

higher capacity of the farther anchor would resist most of the Toad. As shown ifi e bottomrexampleinFig—-- -
\~KB.6.2 (), considering the full shear capacity to be provided by this anchor with its much larger resisting failure
surface is appropriate. No contribution of the anchor near the edge is then considered. Checking the near-edge

anchor condition to preclude undesirable cracking at service 1oad conditions is advisable. Further discussion of
design for multiple anchors is given in Reference B.17.

For the case of anchors near a corner subjected to a shear foréc w'xm'componmts nogmal to each edge, a
satisfactory solution is to indeperdently-check independently the conhection for each component of the shear force. |

Other specialized cases, such as the shear resistance of anchor groups where all anchors do not have the same
edge distance, ar - treated in Reference B.18.

The detailed pruvisions of B.6.2.1 (2) applyto the case of shear force directed towards an edge. Whea the shear
force is directed away from the edge, the strength will usually be governed by B.6.1 or B.6.3.

The case of she ir force parallel to an edge [B.6.2.1 ()] is shown in Fig. RB.62 (). A special case can arise with
shear’force pai allel to the edge near a comer. Take the example of a single anchor near a corner [Fig. RB:6.2(d)).
If the edge distance to the side ¢; is 40 Sopereent or more of the distance ¢;in the direction of the load, the shear

strength parallel to that edge can be computed directly from Bq. B-16 using €, in the direction of the Joad.
RB.6.2.2 — Like the concrete breakout tensile capacity, the conerete breakout shear strength does not increase with
the failure surface, which is proportional to cf . Instead, the strength increases proportionally to c}’ , due tothe
size effect. The capacity is also influenced by the anchor stiffness and the anchor diameter, B+B2.515.531

The constant 7 in the shear strength equation was determined from test data reported in Reference B.1 ats the 5
Sopercent fractile adjusted for cracking.
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__»23 ~ Fox the special case of cast-in headed bolts rigidly welded to an attachment, test data ®2%2 ghow that
somcwhat higher shear capacity exists, possibly due to the stiff welding connection clamping the bolt more
cffectively than an attachment with an anchor gap. Because of this, the basic shear value for such aachors is

increased. Limits are imposed to easure sufficient rigidity. The design of supplementary reinfoccement is
discussed in Referencns B.17 to B.19.

RB.6.2.4 — For anchocs influenced by three or more cdgcs whete any edge distance is less than 15¢;, the shear
breakout strength conputed by the basic CCD Method, which is the basis for Eq. B-18, gives safe but mxslcadmg
results. These special cases were studied for the x Method ! and the problem was pointed out by Lutz, B

Similar to the approach used for tensile breakouts in B.5.2.3, a correct evalvation of the capacity is determined if
the value of c; in Bgs. B-18, B-19, B-20, and B-21 is limited to b/1.5. This is shown in Figure RB.6.2(g)

RB.6.2.5 - This section provides a modification factor for an eccentric shear force towards an edge on a group of
anchors. If the shear load originates above the plane of the concrete surface, the shear should ficst be resolved as a
shear in the plane of the concrete surface, with & moment that can or cannot also cause tension in the anchors,

depending on the normal force. Fig. RB.6.2 (¢) defines the term e] for calculating the W modification factor that

accounts for the fact that more shear is applied on one anchor than the other, tending to split the concrete near an
edge. If ¢, > s/2, the CCD procedure is not applicable.

RB-62.6—TFia- 1" 0625 showsthe-dimeasion-ofor-the i ~ealeniation:

RB.6.2.7 ~ —Torque-controlled and dxsplaccment—conuonm expanstomranchors-arepermittedincracked conerete
under pure shear 103ds.

RB.6.3 — Concreie pryout strength

RB.6.3 ~Reference B.1 indicates that the pryout shear resistance can be approximated as 1 to 2 times the anchor
tensile resistanc with the lower value appropriate for herless than 2.5 in

RB.7 - Interaciion of tensile and shear forces

The shear-tension interaction expression bas tra(fi&onaliy been expressed as

(Y (7Y <.
N, A
where o varies from. 1 to 2.

The current tri-linear recommendation is a simplification of the expression where a = 5/3 (Fig. RB.7). The limits
were chosen to eliminate the requirement for computation of interaction effects where vecy small values of the
second force ure present. Any other interaction expression that is verified by test data, however, can be vsed under
B43.

RB.8 ~ Regjired edge distances, spacings, and th&ckn&ses to preclude splitting failure

The minimum sp pacings, edge distances, and thicknesses are very dependent pn the anchor characteristics.
Installation forces and torques in post-installed anchors can cause splitting of the surrounding concrete. Such
splitting can also be produced in subsequent torquing during connection of attachments to anchors including cast-
in anchors. The primary source of values for minimum spacings, edge distances, and thicknesses of post-installed

¢
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a_ s should be the product-specific tests. In some cases, howevet, specific products are not known in the design
staz€. Approximate valuss are provided for use in design.

RB.8.2 - In the absencs of product-specific test information, at the design stage the minimum ceater-to-oenter spacing foc
post-instalied anchocs may be taken as 64, .

RB.8.3 -The edge cover over a deep embedment close to the edge can have a significant effect on the side-face
blowout strength of B.5.4. The engineer can use cover larger than the normal concrete cover réquirements to
increase the side-face blowout steength.

RB.8.4 — In the abseace of product-specific test infomation, at the design stage the minimum edge distance may be taken
asnot less than: .

Undercut anchicns- : 64,

Tocque-coniri dled expansion anchors &4,
Deformation-controlled expansion anchors 10d,

If these values are used in design, the project drawings and project specifications should specify use of anchors with,
minimum ceater-to-c: nter spacing and edge distance as assumed in design.

qued to 60 Spercent of the design strength.

B.8.4 — Drilling hicles for pcst-instz_ncd anchors can cause microcracking. ‘The requiremeént for a minimum edge
gregate size is to minimize the effects of such microcracking. '

RB.11 - Shear capacity of embedded plates and shear lugs
RB.11.1-Shear ivgs

The code requirements for the design of shear lugs are based on testing reported in Reference B.22. This testing
confirmed that shear lugs are effective with axial compression and tension Ioads on the embedment, and that the
strength is increased due to the confinement afforded by the tension anchors in combination with external loads.
The shear strength of the embedment is the sum of the bearing streng

th and the strength due to confinement.
The tests 2lso rev~aled two distinct fesponse modes:

1. Abeadng mode characterized by shear resistance fr

om direct bearing of shear lugs and inset faceplate edges
on concrete or grout augmented by shear resistance from confinement effects associated with tension anchors
and extern: | concucrent axial loads, and .

2. A shear-friction mode such as defined in 11.7 of the code.

The embedments first respond in the bearing mode and then progress into the shear-friction mode subsequeat to
formation of fu.x1 fracture planes in the concrete in front of the shear lugs or base plate edge.

The bearing strength of single shear lugs ‘bearing on concrete is dc_ﬁncd in B.4.5. For multiple lugs, the shear
s as defined by 4 shear plane between the shear
Jugs a5 shown in Fig. KB.11-1 and a shear stress limited to 10¢+/F: vith § equal 0085,

349-26

mte——



‘\\_./

: Draft 10/01/00
i Anchorage shear strength due to confinement can be taken as ¢K‘(N - P}, with ¢equal to 0.85, where ¥, is

l‘ﬁ"strcngth of the tension anchors in accordance with B.5.1 and P, is the factored external axial load oa the
anchorage. (P, is positive for teasion and negative for compression.). This coasiders the effect of the tension
anchors and external loads acting across the initial shear fracture planes (see Fig. RB.11-1). Whea P, is negative,

. . a i
the provisions of Section 9.2.3 regarding use of load factors of 0.9 or zero, must also be considered. The
confinement coefficient, K., given in Reference B.22, is as follows:

= 1.6 for inset base plates without shear lugs or for anchorage with multiple shear lugs of height, k
and spacing, ., (clear distance face-to-face between shear lugs) less than or equal to 0.13h4/f

K. =1.8 for : nchorage with a single shear lu g located a distance, h, or greater from the front edge of the
base plate or with multiple shear lugs and a shear lug spacing, s, greater than 0.13 h“ff—;' .
These values of confinement factor, X, are based on the analysis of test data. The different X, values for plates
with and without she.r lugs primarily reflect the difference in initial shear-fracture Jocation with respact to the
tension anchors, The tests also show that the shear strength due to confinement is directly additive to the shear
strength determined by bearing or by shear stress. The teasion anchor steel area required to resist applied moments

¢an also be utilized for determining N , providing that the compressive reaction from the applied moment acts
across the potential shear plane in front of the shear Iug.

For inset base plates, the area of the base piatc edge in contact with the concrete can be used as an additional shear-
Jug-beasing-area providing di

ent compatibility with shear lugs can be demonstrated. This requirement can
. be satisfied by desig igning the shca: lug to remam clast:c undcr factored design 10ads Wi facement-{sheac—
plus flexure) Jess than 0.01 1n.

For cases such as ia grouted installations where thet;ottdm of the base plate is above the surface of the concrete,
the shear-lug-bearing area should be limited to the contact area below the plane defined by the concrete surface

This accounts for the potential exteasion of the initial shear fracture plane (formed by the shear lugs) beyond the
périmeter of the huse plate, that could diminish the effective bearing area.

Multiple shear Tups should bc proporctioned by considering relative shear stiffness. When multiple shear lugs are

used near an edge, the effective stress area for the ooncretc dcsxgn shear strength should be evaluated for the
embedment shem at cach shear lug.

RB.113 -~ She » strength of embedments with embedded base plates

The coefficient of 14 for embedments with shear lugs reflects concrete-to-concrete friction afforded by
confinement of concrete between the shear lug(s) aand the base plate (postbearing mode behavior). This value

mcsponds to the friction coefficient of 1.4 recommended in 11.7 of the codc for concrete-to-concrete friction and
is confirmed L'y tests discussed in Reference B.22.

RB.13 - Consiarlson of Concrete Capacity Design Method and ACI 349-97

The following sections provide comparisons of the capacities of anchors in accordance with the Concrete Capacity

Design Method (included in this edition of ACI 349) against those calculated in accordance with the previous
provision of ACI 349 Appendix B (ACT 349-97),

RB.13.1- Concrete breakout strength of a single headed stud in tension

Fig. RB.13-1shows the concrete breakout strength of a single anchor in teasion (¥, N,) in concrete with a
compressive strength of 4000 psi.- The CCD method in cracked concrete is from Bq. B-6a of the code with k=24
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or . ided stud. This is increased by Wy =

1.25 for the strength of uncracked concrete. The ACI 349-97 steength

s dependent on the head diameter and is shown for head diameters of the stud equal to 10%percent and
20%percent of the embedinent depth.

Table RB.13-1 shows values from Fig. RB.13-1 for embedment depths of 4, 8, and 12 in. The table aiso shows the
design strengths. For the CCD method, the cracked and uncracked breakout strengths are multiplied by the
strenpth reduction factor of 0.85 for cases where the potential concrete failure sucfaces are crossed by
supplementary reinforcement. The factor of 0.85 is also specified in ACI 349, paragraph Bi4.4.1, when
determining if an anchor is ductile. For ACI 349-97, design streagths are shown for strength reduction factors of
0.65 and 0.85 based on thie requirements of paragraph B.4.2. The strength reduction factor of 0.85 is only

applicable in areas of compression or low tension and may be considered as uncracked. The strength reduction
factor of 0.65 may be considered as applicable to cracked concrete.

The comparisons in Fig. RB.13-1 and Table RB.13-1 show a significant reduction in strength for larger
embedment depths. This is due to the exponent 'on embedment depth and is discussed in Reference B.1.
Committee 349 reviewed the test data and concinded that the exponent of 2 was unconsecvative. An exponent of

1.6 or 1.7 would be consistent with the test data. It was decided to use 1.5 for depths less than 11 in. and 1.67 for
greater depths.

ACI 349-97 gives lower strengths for shallow embedments up to a depth of 2bout 5 in. than the CCD method, ACT
349-97 becomes progiessively less conservative than the CCD method as the embedment depth increases.

‘—‘-ItB-lstz——eoncrete Wreakeutstrength-of-a single expansion anchor in tension

"¢ concrete breako 1 st cng(h of smgle c:cpansxon anchor in teaston in Untfacked contrete isabout 20%pereent \
\__wer than that of a licaded stud (k¥5 =

17 x 1.4 = 24 versus 24 x 1.25 = 30). In ACI 349-97, the difference was
about 10%peccent since the strength of headed studs included the diameter of the head, Test data show alarger

reduction in strengt': for expansion anchors than for headed studs in cracked concrete.

The concrete breakout strength should be, verified by the gualification tests for post-installed anchors, Undercut

anchors generally pwcform bettes than other expansicn anchors and may have the same concrete breakout strength
asheaded studs in ! oth uncracked and cracked concrete.

RB.133 — Concrete breakout strength of an anchor group

The bteakout strength calculaﬂons in the CCD method are based on a breakout prism angle of 35 degrees instead
ofthe 45 degree cone in ACI 349-97. Fig. RB.13-2 shows the ratio of the concrete breakout strength of a group of
four headed studs at equal spacing in each direction to that of a single headed stud as a function of the anchor
spacing (A /Ane). Yor the CCD method, the strength is affected when the spacing is less than three times the
embedment depth, for ACI 349-97, the steength is affected when the spacing is less than twice the embedment
depth plus head 1.udivs. The CCD method reduces the strength by a maximum of about 30 Sopereent.

RB.13.4 — Conci e breakout strength of a single headed stud In tension close to an edge

Fig.RB.13-3 shows the ratio of the concrete breakout strength of a headed stud close to an edge to that of a single
headed stud away from the edge (¥2 A/AL.) as a function of the edge distance. This calculation uses the projected
area of the 35 deyree prism for the CCD method and of a 45 degree cone for ACI 349-97. The CCD method has
an additional reduction factor, W5 , to adjust for the edge effect. Both methods require a separate evaluation for side
blow out for sinall edge distances. Fig. RB.13-3 also shows similar ratios for the anchor close to a comner with
edge distance, iy, to two edges.

RB.13.5 ~ Concrete breakout strength of an anchor group In tenslon close to an edge
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13-4 shows the ratio of the concrete breakout strength of a group of four headed studs dose to an edge to

the same anchor group away from the edge as a function of the edge distance, Cpy.. Theratio is influenced

Yy lh.c,. spacing of ﬁ%c anchos and this figure applies to four headed studs with embedment depth of 6 in., spacing

{6 in. and head diameter of 0.6 in. The figure also shows similar ratios for the anchor group close to a corner
with edge distance, Cna, to two edges.
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(Concrete Strength = 4000 psi)

TABLE RB.13-1
COorie ‘RETE BREAKOUT STRENGTH OF A SINGLE HEADED STUD

Draft

10/01/700

CONCRETE BREAI\OUT NOMINAL STRENGTH (p=1.0) (Kips)

61.6%

Embedment Dopth 349 — xx 349-97
Cracked |  Uncracked do=0.1hy
K =24/16* K=04116*
Wa=1.0 Yy =125
4" 121 152 14.0
g 34.3 429 56.0
12" 63.6% 80.0¢ | © 1258
CONCRETE BREAKOUT DESIGN STRENGTH (Kips) -
Embedment Depth 349 ~xx 1 349.97
$=0.385 6 =0.85 $=0.65 ¢ =0.85
4" 10.3 129 9.1 119
& 292 365 364 41.6
12 54.1* 818 107.0

"The strength for embedment depths of 47 and 8” is calculated using equation B-7a; the strength for the

embedment depth of 127 is calculated using equation B-7b.

349-31



) Draft 10/01/0C
METRIC YERSIOM
0

. Change uaits as follows: in. shall be mm; in2 shall be £1m?; psi shall be MPa; Ibshall be N.
Ndl Change 2 in. to 50 mm. ) '
B35

Change 10,000 psi to 70 MPa and change 8000 psi to 55 MPa.
B.422  Change? in.to 50 mm and change 25 in. to 625 mm.
B.S.12

Change 125,000 pst to 860 MPa.
B522  Changel.=24tok= 10, changek =17 tok =7, change k = 16 tok = 6.7, change 11 in. to 280 mm,
andchange2Sin.to 635 mm. . _ '
B.5.4.1  InEquation B-11, change 160 to 13.3.
B.612  Change 125,000 psi to 860 MPa.
B.622  InEquation B-18a, change 7 to 0.6.
. B623 Change 3/8 in. to 10 mm.
B.623  InEquation B-18b, change 8 t0 0.66.
B.62.77  Change #4 to#13 and 4 in. to 100 mm.
B.63.1 Change 2.5 in. to 65 mm.
B.8S

Change 4 in. to 100 mm. ‘

RB.5.2.2 Change 11 in. to 280 mm, change 25 in. to 635 mm.
RB.S23

Change 4 in. to 100 mm; change 2.67 in. to 67 mm.
RB.5.2.7 Change0.012in. to 0.3 mm.
RB.6.22 Change “constant 7" to “constant 0.6.”
RB.63 Change 2.5 in. to 65 mm.

Fig. RB.52(z) Change4 in. to 100 mm; change 8 in. to 200 mm;

change 2.67 in. to 67 mm.
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