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Selection & Speci cationData = -

Cycloaliphatic Amine Epoxy

Generic Type

Description

Features

Color

Finish

Primers

Topcoats

Dry Film
Thickness

Solids Content

Theoretical
Coverage Rate

VOC Values

Dry Temp.
Resistance

Highly chemical resistant epoxy mastic coating with
excephonally versatle uses in all Industrial markets.

Self-priming and suitable for application over mast
existing coatings, and tghtly adherent to rust.
Carboguard B30 serves as stand-alone system for a
variely of chemica! environments. Carboguard 8390
is also designed for various Immersion conditions

Excellent chemical resistance

Surface lolerant characteristics
Conventional and low-temperature verslons
Self-pnming and primer/finish capabilities
Very good abrasion resislance

VOC compliant to current AIM regulations
Tested for Nuclear Service Level 1 {890 only)

Refer to Carboline Color Guide. Certain colors may
require multiple coats for hiding Note: The low
temperature formulation will cause most colors to
yellow or discolor more than normal In a short period
of Ume. (Epoxies lose gloss, discolor and chalk in
sunlight exposure.)

Gloss

Self-priming May be applied over Inorganic zinc
prnimers and other tightly adhenng coatings A mist
coat may be required to minimize bubbling over
inorganic zinc primers Do not apply aver latex
coatings. Carboguard 890 LT must be used only as
a primer or intermediate coat. Due to discoloration
do not use as a topcoat

Acrylics, Epoxles, Polyurethanes

4.0-6.0 mils (100-150 microns) per coat

6.0-8.0 mils {150-200 microns) over hght rust and for
uniform gloss aver inorganic zincs

Don't exceed 10 mils (254 microns) in a single coat.
Excessive film thickness over inorganic zincs may
Increase damage during shlpping or erection.

By Volume (890)  75% +2%
(890LT)  BO% +2%
890: 1203 mil £t2(30 0 mn a} 25 microns)

241 i at5mils (6.0 m 7 at 125 microns)
890LT. 1283 mil 12(31.0 M’ a} 25 microns)

257 t2 at & mils (6.3 m4 at 125 microns)
Allow for loss In mixing and application

890 890LT
1.71bs/gal (294 g} 1 Slbsfgal (180gM)
7oz/gal=2 Olbs/gal  150z/gal=2.0fbs/gal

250 (250g7)

_130z/gal=2.21bs/gal _
71

As supplied
Thinned wh#2*

(271gh)
Thinned w/#33* 7o2/gal=2 Olbs/gal

(250gn) (25001

160z/gal=2.3bs/gal 160z/gal=2.1lbs/gal
(285g/) (258,

*Use Thinner 76 up to 8 oz/gal for 890 and 16 oz/gal

for 890 LT where nonphotochemically reactve

solvents are required.

Continuous* 250°F (121°C)
Non-Continuous* 300°F (149°C)

Discoloration and loss of gloss Is cbserved above
200°F (93°C)

1402/gal=2 0 tbs/gal
5
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To the best of our knowledgs the lechnical dala contained herein Is true and accurate on the date of publicalion and Is rsotél&)ecl ’Ig l:hange wllhout pdor nolice User must contact Carboline Company o
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verify correctness before srsufylng or ordering
g pedonnance or
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'\e Carboguard® 890
®

&890LT

bstrates & Surface Preparation

General

Steel

Galvanized
Steel

Concrete

cMu

Drywall &
Plaster

Previously
Painted
Surfaces

Performance Data

Surfaces must be clean and dry. Employ adequate
methods to remove dit, dust, ol and all other
contaminants that could interfere with adhesion of the
coating

SSPC-SP6

1.5-3 0 mils (38-75 microns}

SSPC-SP2 or SP3 are suitable cleaning methods for mild
environments

SSPC-SP1 and pnme with specific Carboline primers as
defined in the Market Guides.

Concrete must be cured 28 days at 75°F {24°C) and 5§0%
relative humidity or equivalent. Prepare surfaces in
accordance with ASTM DA4258 Surface Cleaning of
Concrete and ASTM D4259 Abrading Concrete Volds in
concrete may require surfacing Pnme with Carbeguard ©
1340

Mortar joints should be thoroughly cured for a minimum
of 15 days at 75°F (24°C) and 50% relative humidity or
equivalent. Prime with a suitable block filler or
Carboguard 1340

Joint compound and plaster should be fully cured prior to
coaing application. Prime with Carbocrylic® 120 or
Carboguard 1340.

Lightly sand or abrade to roughen surface and degloss
the surface. Existing paint must attain a minimum 3B
rating In accordance with ASTM D3359 "X-Scribe”
adhesion test.

Test Method System Results Report #
ASTM D4541 Blasted Steel 1933 psi 03220
Adhesian 2cts 890 {Elcometer)
ASTM D3359 Blasted Steel
Adheslon 1 cL 890 A 02730
Blested Steel 85 mg loss after 1000
ASTMD40S0 | {ct Epoxy Pr | cycles, CS17 wheel, 1000 | 02411
1ct. 890 gm. load
No effect on plane, rust In
ASTM B117 Blasted Steel scribe. 1/16" undercutting 02594
Salt Fog 2cts 890 at scribe after 2000 hours
No eftect on plane, no rust
ASTM B117 B'isidlgf;e' In scribe and no L40-
Salt Fog 1¢l 890 underculting after 42,4595
4000 hours
Blasted Steel No bilistering, rusting or
Asvm?;zgs 1 ct. Epoxy Pr. delamination after 2800 08564
1 ct. 890 hours
ASTM D3363 Blasted Stesl
Pencll Hardness 2 cts B9O Grealer than BH 02775
ASTM D2486 93% gloss retained after
~Serub” Blasted Steel - ~¢4 non eyclesws iquld | 03142 -
1 ct. 890
Resistance scrub medium
Test reporis and additional data avalable upon written request
0986/0983

No guarantee of accuracy Is glven or implied We guaranlea our pi
Is fmited o replacement of products NO OTHER W
OTHERWISE INCLUDING M RCHANTABILIT‘(AND FITNESS FOR A PARTICULAR PURPOSE. Carm!lne@ and Camoguards

as
ARRANTY OR GUARANTEE F ANY KIND IS

arboline quahty control We assumse no responsibility {or

MADE BY CARBOLINE,



Carboguard® 890 & 890 LT

Application Equipment

Listed below are general equipment guldelines for the application of this product.

Job site conditions may require modifications to these guldellnes to achieve the

daslred results.

General Guidelines*

Spray Application  This Is a high solids coating and may require

(General) adJustments In spray techniques. Wet film thickness is
easily and quickly achleved. The following spray
equipment has been found suitable and Is available
from manufacturers such as Binks, DeViblss and

Graco
Conventional Pressure pot equipped with dual regulators, 3/8° I D
Spray minimum material hose, .070" ID. flid tp and
sppropnale alr cap
Alrless Spray Pump Ratlo: 30:1 (min.)
GPM Output: 3 0 (min.)
Matertal Hose* 318" 1.D. (min.)
Tip Size: 017°-.021°
Output PSI. 2100-2300
Fliter Slze: €0 mesh
Teflon packings are recommended and avallable from
the pump manufacturer.
Brush & Roller Mulliple coals may be required to obtaln deslred

{General} appearance, recommended dry film thickness and
adequate hlding. Avold excessive re-brushing or re-
rolling For best results, tle-In within 10 minutes at 75°F

(24°C).
Brush Use a medlum bristle brush.
Roller Use a short-nap synthetic roller cover with phenolic core.
Mixing & Thinning
Mixing Power mix separately, then combine and power mix.
DO NOT MIX PARTIAL KITS
Ratio BSD and 890 LT 1:1 Ratlo (A 1o B)

Thinning* Spray: Up to 13 oz/gal (10%) w/ #2
Brush. Up to 16 oz2/gal (12%) w/ #33
Roller Up to 16 oz/gal (12%) wf #33
#33 can be used for spray In hot/windy conditlons. Use
of thinners other than those supplied or recommended
by Carboline may adversely affect product performance
and vold product warranty, whether expressed or
tmplied,
*See VOC values for thinning limits

Pot Life 830 3 Hours at 75°F (24°C)
890LT 2 Hours at 75°F {24°C)
Pot life ends when coating loses body and begins to
sag Pot life times will be less at higher temperatures

Cleanup & Safet

Cleanup Use #2 Thinner or Aceteng. In case of spillage, absorb
and dispose of In accordance with local applicable
regulations.

Safety Read end follow all cautlon statements on ths product

data shee! and on the MSDS for this produc* Employ
normal workmanlike safety precautions Hypersensitive
persans should wear protectlve clothing, gloves and use
protective cream on face, hands and all exposed arcas

When used as a tank lining or In enclosed areas
thorough alr clrculation must be used during and after

- -gpplication untl -the coating is cured The ventlation
system should be capable of preventing the solven!
vapor concentration from reaching the lower exglosion
fimit for the solvents used. User should test and monitor
exposure levels to Insure all personnel are below
guldellines. If not sure or if not able to monrer leve's,
use MSHA/NIOSH approved supplied alr respirator

Ventilation

Cautlon This product contalns flammable solvenls Keep away
from sparks and open flamas. All electnical equ:pment
and Installations should be made and grounded In
accordance with the National Electnc Code In areas
where explosion hazards exist, workmen should be
required to use non-ferrous tools and wear conductive
and non-sparking shoes

June 2002 replaces July 2001

To the best of our knowledge the technical dala contained herein ks true and accurate on the date of publication and is subject lo change without prior nof
venlfy comreciness before specifying or ordenng No guaranlea of accul i3 given or imphed We guaranlee pur producls o conform to Camullne uua

perfcrmance inunes resulling from use  Liability, If any, is mued o replacemen! of products NO OTHER WA

Applicatio onditions

E?:l::nd!tlon Materlal Surface Amblent Humidity
Nomal | (iovgeecy | ooy | govamcy | O%
Minimum (fg:g) (fgjg) (fg:g) 0%
vaimn | 200 | Br | 5[ e
830 LT

Normal (fQZZZZ, (?gg:f:) 8333:2) 1o-80%
Minimum &‘1’5"') (3255 (3255) 0%
Maximum (:g:; (1522?0':) &132‘; 80%

his product simply requires the substrate temperature to be above the dew
polnt. Condensation due to substrate temperatures below the dew point can
cause flash rusting on preparad stee! and Interfere with proper adheslon to the
substrate. Special application techniques may be required above or below
normal application conditions

Curing Schedule ,

830 (Based on 4-B8 mils, 100-200 microns dry film thickness )
Surtace Temp. & Dry to Dry to Topcoat w/
50% Relative Revoat Sihor Finiones Final Cure
Humidity
50°F (10°C) 12 Hours 24 Hours 3 Days
60°F (16°C) 8 Hours 16 Hours . 2 Days
75°F {24°C) 4 Hours 8 Hours 1 Day
90°F (32°C) 2 Hours 4 Hours 16 Hours
850 LT {Based on 5 mils, 125 microns dry fAim thickness
Surface Dry to
Temp & Dry to Dry to Recoat &
50% Relative Touch Handle Topcoat w/ Final Cure
Humidity Others
35°F (2°C) & Hours 1B Hours 20 Hours 7 Days
40°F (4°C) 4 5 Hours 13 Hours 16 Hours 5 Days
50°F {(10°C 3 §Hours 6 5 Hours 12 Hours 3 Days
60°F (16°C 2 Hours 5 Hours 8 Hours 2 Days
75°F (24°C 1.5Hours 2 Hours 4 Hours 24 Hours
90°F (32°C}) 1 Hour 15 Hours 2 Hours 16 Hours
Higher film thickness, insufficlent ventilation or cooler temperalures will require

{onger cure times and could result In solvent entrapment and premature fallure,
Excessive humidity or condensation on the surface during curing can interfere
with the cure, can cause discoloration and may result In & surface haze. Any
haze or blush must be removed by water washing before recoating Dunng high
humidity conditions, it Is recommended that the application be done while
temperatures are increesing Maximum recoat/topcoat times are 30 days for
epoxies and 90 days for polyurethanes at 75°F (24°C). If the maximum recoat
times have been exceeded, the surface must be abraded by sweep blasting or
sanding prior to the application of addltional coats 890 LT epplled below 50°F
(10°C) may temporarlly soften as temperatures rise to 60°F (16°C). This Is a
normal condition and will not effect pedormance

Packaging, Handling & Storage

Shipping Welght 2 Gallon Kit 30 Gallon Kit
{Approximate) 29 Ibs (13 ko) 145 Ibs {66 kg)

Flash Point (Setaflash) BS°F (32°C} for Part A; 890 & B90 LT

73°F {23°C) for Parl B; 890 & 890 LT

40°* -110°F (4°-43°C)—~Store Indoors -~ - -~
0-100% Relative Humidity

Part A Is 36 months at 75°F (24°C)

Part B is 15 months at 75°F (24°C)

@arboﬁr?é;

350 Hanley Industrial Court  SL Louls, MO 63144-1599
314-844-1000 314-644-4817 {fax) www carbotine com

E
!ce User rnusl l:omacl Carbolina Compsn

5 trol. We assume no respanslbllllyyfor
RRANTY OR GUARANTEE OF ANY KIND IS MADE BY CARBOLINE,

Storage Temperature
& Humldity

Shelf Life

EXPRESS OR IMPUED, S TUTORY, BY OPERATION OF W OF O HERWISE, INCLUDING MERCHANTABILITY AND FITNESS FORAPARTICULAR PURPOSE. Carbofine® and Carboguardm

are regislered trademarks of Carboline Company.




Selection & Specification Data

Generic Type Solvent Based Inorganic Zinc

Description

Time-tested corrosion resistant primer that protects

Features

CZ 11 FG

Color
Finish
Primers
Topcoats

Dry Film
Thickness

Solids Content

Zinc Content
In dry film

Theoretical
Coverage Rate

steel galvanically in the harshest environments For
over 35 years, Carbozinc 11 (CZ 11) has been the

industry standard for high-performance inorganic zinc
protection on steel structures worldwide

» CZ 11 meets Class B slp co-efficient and creep
testing cnteria for use on faying surfaces with 73#
zinc dust filler.

» Rapid cure Dry to handle in 45 minutes at 60°F

(16°C) and 50% relative humidity.

Low temperature cure down to O°F {-18°C}.

High zinc loading

Meets FDA requirements in gray color.

Available in ASTM D520, Type Il zinc version

Very good resistance to salting.

May be applied with standard airless or conventional

spray equipment

« VOC comphant in certain areas

» Lower zinc loading for economics.
s VOC complant for shop/fabricator use only.

Green (0300), Gray (0700)
Flat
Self Priming

Not required for certain exposures. Can be topcoated
with Epoxies, Polyurethanes, Acrylics, High-Heat
Slicones end others as recommended by your
Carboline sales representative. Under certain
conditions, a mist coat is required to minimize topcoat
bubbling.

20-30 mils (50-75 microns). Dry film thickness in
excess of 60 mils (150 microns) per coat is not
recommended

CZ 11
By Weight:  79% = 2%

85% = 2%

€z 11 FG
74% + 2%

79% + 2%

By Weight-

€Z 11: 1000 mil f*(22 8 m*1 at 25 microns)
333 K*at30mils (82 mat75 microns)

€z 11 FG. 850 mil {(19 4 m* at 25 microns)
283 #t*at 30 mils (7.0 mat 75 microns)
Allow for Yoss in mixing and application

VOC Values EPA Method 24 4 0 IbsJgal {479 g/)
Carbozinc 11 Thinned For use in fabrication shops only to remain in
VOC compliance in accordance with EPA Standards
7 o2/gal wl #23 41 Ibs Igal (452 g/l)
5 ozgal w/ #26 41 Ibs.fgal (492 g/l)
5 oz/gal w/ #33 4 1 IbsJgal (492 g/l)
These are nominal values
VOC Values EPA Method 24: 4 3 lbs /gal (515 g/l)

Carbozinc 11 FG Thinned
7 oz/gal wi #21: 4 5 Ibs/gal { 539 g/l)
5 oz/gal wf #26. 45 1bs /gat ( 539 g/l)
5 oz/gat wl #33- 4.5 lbs /gal { 539 /1)

These are nominal vaiues

Dry Temp. Untopcoated-
Reslstance Continuous: 750°F (399°C)

Non-Continuous 800°F (427°C}

With recommended silicone topcoats-®
Continuous 1000*F (538°C)

Non-Continuous: 1200°F {649°C)

May 2001 replaces November 1999
To the best of our knowledge the technical data contained herein is true and accurate on the date of publicaion and is subject lo change mlhguib%ﬁor notice. User nm‘snl’ contact Carboline Company ic

venfy ccrrec!rr:'ess before s ecrfiymg or ﬂrder;r:g No guaraélntee ?’l acculraziiy if gwlen or imphed' " uaranies our praducts 1o ' Carbalne oua
e 'ormance or nurnes rasulbn am_use Eleil an IS _limute: 0 _replacement 0 ] RANTY
e P T OBy BT G ERATION B AW, Ok O eI SE e BN M R ANTABILITY AND EFYNESS.FOR A PARTICULAR

are registered trademarks of Carboline Company

Substrates & Surface Preparation

General

Steel

Surfaces must be clean and dry Employ adequate
methods to remove dit, dust, ol and all cther
contaminants that could interfere with adhesion of the

coating

Non-Immersion

SSPC-SP6 and obtain @ 1.0-30
msl (25-75 micron) angular blast profile

Performance Data ,

CZ 11
Test Method System Results Report #
ASTM D4541 1500 pst
Adheston 1at €2 1 Pneumatic 03306
0 668,
s]'?sg':_ :f;i?:fes)nt B;agllegzslffl meels requirements for 02722
P Class B rating
1c.CZ 1 ot No rusting or biistering,
' king or defamination
ASTM B117 2mis dryfim | &€
Salt Spray thickness over after 43000 hrs SR 408
blasted steel Moderate salting of the
surface only
pgf;:ngf:;s 1ct.CZ 1 Pencil Hardness *2H" 03278
No blistenng or rusting of
coating or susting of bare
A‘;ST?H':FDO 1ct.CZ 11 steel area after 650 hrs
":r:ersms over Abrasive | Immersion in 5% sodium | 02514
Paragraph 4 6 © blasted steel chloride solution, 15
g round bare erea in
coating.
‘est reparts and addibonal data available upon whken request
0250

We guarantee our products to conform to Ca

hne quabkty control

GEANY KIND. 18 MADE 6 EARBOCING.
PURPOSE. Carboline® and_Carbozine® ____



Carbozinc® 11

Application Equipment .

Listed below are general equipment guidelines for the application of this producl rery - < ]
Job site conditions may require modification to these guidelines 1o aciveve the desired resulls Condition Ma’ten?l s';"fac_e Aé?b'e_nt Humidity
General Guldelines: Normal 40°-95°F | 40°-110°F | 40°95°F | 444509,
Spray Application  The following spray equipment has been found suitable (4°-35°C) {4°-43°C) {4°-35°C)
{General) and is avalable from manufacturers such as Binks, Minimum O°F 0°F 0°F 30%
DeVilbiss and Graco  Keep material under mild (-18°C) (-18°C) (-18°C)
agitation dunng application. If spraying stops for mors " o O 130°F
than 10 minutes, recirculate the material remaining in Maximum (15:125 é%‘fg) (5:19,0) 95%
the spray Ill‘ne Do not leave mixed primer in the hoses This producl simply requires Ihe subskale lemperature to be above the dew
during work stoppages. point. Condensation due to substrate temperatures below the dew point can
Conventional Agitated pressure pot equipped with dual regulators, cause flash rusting on prepared steel and nterfere with proper adhesion 1o the
Spray 3/8" | D. minimum material hose, with a maximum substrate Special application techmiques may be required above or below
length of 50/, 070" 1.D. fluid tip and appropriate ar cap normal application conditions.
Alrless Spray Pump Ratio 301 (min) . ) ot i
GPM Output 30 (mn) Curing Schedule ..~
Matenal Hose 3/8"1.D (min)
Tip Size .018-,023"
Output PS! 1500-2000 5"5’;;‘:‘;{7;"3"' & Dry to Handle Dryto
Filter Sze 60 mesh o Refative Topcoat/Recoat
Teflon packings are recommended and available from Humidity
the pump manufacturer. 0°F (-18°C) A Hours 7 Days
Brush For touch-up of areas less than one square foot only. 40°F (4°C) 1 Hour 48 Hours
Use medium bnstle brush and avord rebrushing 60°F (16°C) % Hour 24 Hours
BO°F (27°C) % Hour 18 Hours
Rofler Not recommended 100°F (38°C) Y Haur 16 Hours

ese tmes are based on a 30-4 0 mil (75-100 micron) dory film thickness
Higher film thickness, insufficient ventilation or cooler temperatures will require
longer cure times and could result in solvent entrapment and premature failure

Mixing & Thinning - -

Mixing Power mx base, then combine and power mix as Humidity levels below 50% will require longer cure hmes. Notes Any salting that
follows Pour zinc filler very slowly into premixed base appears on the zinc surface as a result of prolonged weathering exposure must
with continuous agtation. Mix untl free of lumps. Pour be removed prior to the application of additional coatings Also, leose zinc must
mixture through a 30 mesh screen. DO NOT MIX be removed from the cured film by rubbing with fiberglass screen wire if 1) The
PARTIAL KITS. Carbozinc 11 is to be used without a topcoat in immersion service and "2inc pick

up" could be detnmental, or 2) When “dry sprayloverspray” is evident on the

Ratlo %'1 czu SZ1FG cgred film and a topcoat will be) applied. Frzr gcc‘élerategl cy;ring or whare the
Part A: 1.,?;3:(“ g?;g:l?nﬁt gg?;:n%?\:'t relative humidity is below 40%, allow an initial 2-hour ambient cure Follow 2
Zinc Filler 1 461bs 73 1bs 50 Ibs hou'r cure with water misting or steam to keep the coated surface wet for a

minimum of 8 hours and until the coated surface achieves a “2H" pencil hardness

Thinning May be thinned up to 5 czigal {4%) with #26 for ambient per ASTM D3363.

and warm surfaces For extremely warm or windy
condttions, may be thinned up to 5 6z/gal (4%) with #33
In cool weather {below 60°F (16°C)), thin up to 7 oz/gal

Packaging, Handling & Storage:

{6%) with #21 Use of thinners other than those supplied 1 Gallon Kit Gallon Kit
or recommended by Carboline may adversely affect g\ngoir:'iggtlg)g Weight mg) %?mkg)
product performance and void product warranty,
whether expressed or imphed cz 11 FG 4 6 Gallon Kit
Pot Life B Hours at 75°F (24°C) and less at higher temperatures Shipping Weight 104 Ibs. (47 kg)
Pot ife ends when coating becomes too viscous lo use {Approximate)
- D I L U S Flash Point (Setaflash) Part A: 55°F (13°C)
Cleanup & Safet , et Zinc Filler: NA
Cleanup Use #21 Thinner or lIsopropyl Alcochol. !In case of
spillage, absorb and dispose of in accordance with local Storage {General) Store Indoors.
applicable regulations
Storage Temperature 40° -100°F (4-38°C).
Safe Read and follow all caution statements on this product A .
Y ¢ata sheet and on the MSDS for this product. Employ & Humidity 0-20% Relative Humidity
normal workmanlike safety precautions Hypersensitive o .
persons should wear protective clothing, gloves and use Shelf Life Part A~ 12 months at 75°F (24°C)
protective cream on face, hands and all exposed areas Zinc Filler: 24 months at 75°F (24°C)
Ventilation When used as a tank lining or in enclosed areas,

Ihorough ar circulation must be used during and after
application untl the coating Is cured The ventlation
oo © T 7 " 'sysfem should"be capable of preventing the solvent = ) T
vapor concentration from reaching the fower explosion
imit for the solvents used In addition to ensuring proper
ventilabon, appropnate respirators must be used by all

oline;

apphication personnel. 350 Hanley Indusiral Court St Louls, MO B3144-1599
- 314-644-1000 314-544-4617 [fax)
Cautlon This product contains flammable solvents Keep away www carboling com

from sparks and open flames All electncal equipment

and installations should be made and grounded in o Group
accordance with the Natonal Electnc Code In areas “H B
where explosion hazards exist, workmen should be

required to use non-ferrous tools and wear conductive
and non-sparking shoes

May 2001 reelaces November 1999
To the best of our knowledge the lechnical data contained herein Is true and accurale on the date of publication and is subjec lo change without pnor notice  User mus! conlact Carbaline Company to
venfy correctness before speafying or ordenng  No guarantee of accuracy Is given or implied. We' guarantee our products to conform o Carbofine quality control. We assume na responsibility for
covemgse performance or inAunes resullmyg from use _ Liability, if any is limied lo rePlacemenl of producls NO OTHER WARRANTY OR GUARA F ANY KIND IS MADE BY CARBOLINE,
_ EXPRESS OR IMPLIED, STATUTORY, BY OPERATION OF LAWY, OF A'.LHERV_VISE._NQLUDINGJ\PEBC.EMN]' ABILITY_AND EITNESS FOR A PARTICULAR PURPOSE Carboline® and Carbozme®_____ .
are registered rademarks of Carboline Company



Generic Type
Description

Features

Color
Finish
Primers
Topcoats

Dry Film
Thickness

Solids Content
Zinc Content

Theoretical
Coverage Rate

VOC Values

Dry Temp.
Resistance

Selection & Specification Data - . ::

Solvent Based Inorganic Zinc

Ultra-low VOC member of the Carbozinc family with
extraordinary performance charactenstcs
Carbozinc 11 HS combines unparalieled
performance propertes with a 2.4 Ibs/gallon
(unthinned) and 2.7 Ibs/gallon (thinned) formulation
that meets even the most stnngent VOC restnctions.

* Meets Class B shp co-efficient and creep testng
critena for use an faying surfaces
= Rapd cure. Dry to handle n 1 hour at 75°F
(24°C) and 50% relative humidity
Low temperalure cure down to 15°F (-8°C)
High zinc loading
Available in ASTM D520, Type It zinc version
Very good resistance to salting
May be appfied with standard awless or
conventional spray equipment
« May be used as a weldable pre-construction
pnmer where VOC regulations prohibit
fraditonal coatings. Exhibits long term
corrosion fesistance durnng pre-construction is
required along with full recoatability and
weldability
» VOC compliant to current AIM regulations

Green (0300)
Flat
Self Pnming

Not requrred for certain exposures Can be
topcoated with Epoxies, Polyurethanes, Acrylics,
High-Heat Silicones and others as recommended by
your Carboline sales representative. Under certain
conditions, a mist coat is required to minimize
topcoat bubbling

2.0-3 0 mils (50-75 microns) Dry film thickness in
excess of 6.0 mils (150 microns) per coat I1s not
recommended When used as a weldable pre-
constructon primer, the recommended dft 1s 0 75-
1.25 mils (19-31 microns)

By Weight: 91% 2%
By Weight B4% 2% indry film

1203 mit 2 (30 0 m?A at 25 microns)
401 112 at 3.0 mils (10 0 m%A at 75 microns)
Allow for loss in mixing and apphication

EPA Method 24 2.4 Ibs./gal (288 g/t)
Thinned.

8.33 oz/galw/ #26 2.7 Ibs /gal (322 g/l
{6 02/.72 gal. kit or 30 02/3 6 gal lut)
15.28 oz/gal w/ #26 2 9 Ibs./gal {359 g/l)
{11 02/.72 ga! kit or 55 02/3.6 gal kit)
These are nominal values

Thinned (As pre-construction primer)
38.4 oz/gal w/#26 3 6 Ibs.fgai (435 g}

27.85 0z 72 gallon kit or 138.25 02/3.6 gallon kit

Untopcoated:
Continuous 750°F (399°C)

Non-Continuous: 800°F (427°C)

With recommended silicone topcoats:
Continuous 1000°F (538°C)
Non-Continuous. 1200°F {649°C)
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General

Steel

Substrates & Surface Preparation . .

T
Carbozinc®11 HS

Surfaces must be clean and dry. Employ adequate
methods to remove dirt, dust, oil and all other
contaminants that could interfere with adhesion of
the coating

SSPC-SP6

Surface Profile: 1.0-3 0 muls (25-75 micron)

Performance Data: - -

Test Method System Results Report
#
ASTM D3363
Penct 1 ct. CZ11HS Pencil Hardness 3H 03278
hardness
ASTM A-325 or 0.58 meets
A-490 1 ct. CZ11HS requirements for Class 08510
Slip co-efficient B rating
No blistenng or rustin
AasHTOM30o | Blastedsteel | ofeaing orany bare | 02034
steel areas.
No rusting or blistenng;
ASTMB117 Blasted Stee! | slight rust in scribe, no SR 380
Salt Spray 1ct. CZ11HS | creepage at scnbe after
70,000 hours

Test reports and additional data available upon wntten request.
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Carbozinc®11 HS

Application Equipment

Listed below ara general equipment guldelines for the application of this product. Job ste
conditons may require modificalions lo these guidelines to achieve the desired resutts.

General Guidelines:
Spray Application
{General)

The following spray equipment has been found suitable
and is available from manufacturers such as Binks,
DeVilbiss and Graco  Keep material under mild
agitation during application If spraying stops for more
than 10 minutes, recrculate the matenal remaiming in
the spray line Do not leave mixed primer in the hoses
during work stoppages.

Conventional Agitated pressure pot equipped with dual regulators,

Spray 3/8” 1.D. mintmum matenal hose, with a maximum

length of SC', .070° 1.D fluid tip and appropniate air cap
Airless Spray Pump Ratia: 30:1 {min.)

GPM Output: 30(min.)

Matena! Hose 3/8°1.D (mm)

Tip Sze- .017-.021"

Output PSI- 2100-2500

Filter Size 60 mesh

Teflon packings are recommended and avalable from
the pump manufacturer.

Brush For touch-up of areas less than one square foot only
Use medium bristle brush and avord rebrushing
Roller Not recommended

Mixing & Thinning -

Power mm base, then combine and power mix as
follows Pour zinc filler very slowly into premixed base
with continuous agitation Mix untl free of lumps Then
add activator and mix for another 2 minutes Pour
mixture through a 30 mesh screen DO NOT MIX
PARTIAL KITS. Note Carbozinc 11 HS will not_cure
without the use of the Activator as defined below

72 Gal Kit 36 Gal Kit
Part A: 1 gal. (short filled) 5 gals. (short filled)
Activator: 6.4 1l. oz 321 oz
Zinc Filler: 146 Ibs 73 bs

Normally not required but may be thinned up to 11 oz
per .72 gal kit or 55 oz per 36 gal kit with #26 Use of
thinners other than those supplied by Carboline may
adversely affect product performance and void product
warranty, whether expressed or implied

Mixing

Ratio

Thinning

For use as a weldable zinc pnmer to acheve a
recommended DFT of 075-1.25 mils, thin this product
30% with Thinner #26

8 Hours at 75°F (24°C) and less at higher temperatures
Pot Iife ends when coating becomes too viscous ta use.

Pot Life

In case of
spillage, absorb and dispose of in accordance with local
applicable regulations.

Cleanup Use #21 Thinner or Isopropyl Alcohal.

Read and follow all caution statements on this product
data sheet and on the MSDS for this product. Employ
norma! workmanhke safety precautions Hypersensitive
persons should wear protective clothing, gloves and use
pratective cream on face, hands and all exposed areas

Safety

When used in enclosed areas, thorough air circulation

- - —must -be -used during -and after -application unt| the
coating is cured The ventilation system should be
capable of preventing the solvent vapor concentration
from reaching the lower explosion imit for the solvents
used. In additon to ensunng proper ventlation,
appropnate respirators must be used by all application
personnel.

Ventilation

This product contains flammable solvents Keep away
from sparks and open flames Al electrical equipment
and mstallations should be made and grounded in
accordance with the Nahonal Electnc Code In areas
where explosion hazards exist, workmen should be
required to use non-ferrous tools and wear conduchive
and non-sparking shoes.

October 2001 replaces January 2001

Caution

Application Conditions

Condition Material Surface Ambient Humidity
Normal gg::gg:g) ;‘49,;955,; &",:;95-'1'; 40-80%

Minimum (‘_195, g) (3:' cl::) ('_' 5. g) 30%

Maximum (gg:g) (16559; (1 42;2;; 95%

his product simply requires the substrate temperature to be above the dew
pont. Condensation due to substrate temperatures below the dew point can
cause flash rusting on prepared steel and interfere with proper adhesion to the
substrate. Speciat application techniques may be required above or below
normal appfication conditions.

Curing Schedule

Surface Temp. & 50% Dry to Handle Dry to Topcoat
Relative Humidity

15°F (-9°C) 16 Hours 7 Days

40°F (4°C) 4 Hours 72 Hours
60°F (16°C) 2 Hours 36 Hours
75°F (24°C) 1 Hour 18 Hours
100°F (32°C) % Hour 14 Hours

These fimes are based on a 3 U i (75 micron) Ory Thm thickness Figher fim

thickness, insufficient ventilation or cooler temperatures will require longer cure
times and could result in solvent entrapment and premature falure. Humidity
levels below 50% will require longer cure imes. Notes: Any salting that appears
on the zinc surface as a result of prolonged weathering exposure must be
removed prior to the application of additional coatings. Alsc, loose zinc must be
removed from the cured film by rubbing with fiberglass or aluminum screen wire
when “dry sprayloverspray” is evident on the cured film and a topcoat will be
applied For accelerated curing or where the relative humldity is below 40%,
allow an intial 2-hour ambient cure followed by misting with water or steam to
keep the coated surface wet for a minimum of 8 hours and wntil the coated
surface achieves a "2H" pencil hardness per ASTM D3363.

Packaging, Handling & Storage -

Shipping Weight =72 Gallon Kit 3 6 Gallon Kit
{Approximate) 22 lbs (10 kg) 103 ibs (47 kg)

Carbozinc 11 HS base: 55°F (13°C)
HS Activator:  90°F (33°C)
Zinc Filler:  N/A

Flash Point (Setaflash)

Storage (General) Store Indoors.

Storage Temperature 40° -100°F (4-38°C)

& Humidity 0-90% Relative Humidity

Shelf Life Carbozinc 11 HS:12 months at 75°F (24°C)

HS Activator. 24 months at 75°F (24°C)
2Zinc Filler: 24 months at 75°F (24°C)

carbohne

350 Hanley Industnal Count St Louls, MO 63144-1599
314-644-1000 314-644-4617 (fax) www carboline com
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THERMALINE 450
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SELECTION DATA

GENERIC TYPE: A glass flake filied, phenolic modified,
amine cured epoxy novalac.

GENERAL PROPERTIES: A dense cross-inked polymer
which axhibits outstanding barrier protection against a
variety of chemical exposures. Excelient resistance to
wet/dry cycling conditions at elsvated temperatures.
Designed to cost the exterior of insulated piping. f#tis
also suitable for coating non-insulated piping and equip-
ment exposed to chemical attack. The plass flakes
help provide excellent abrasion resistance, permeation
resistance and internal reinforcement.

Temperature resistance to 450°F
Excelient abrasion resistance
Excellent overall chemical resistance
Excellent thermal shock resistance

RECOMMENDED USES: Typitally used as a one coast
Tystemn 10 coat pipes and tanks that will be insulated.
May also be used to coat non-insulated pipe, structural

- steel, equipment or concrete that may be subjected to

severe chemical attack, abrasion or other abuse typical
of 3 chemical plant environment.

TYPICAL CHEMICAL RESISTANCE:

r

Acids Excellent Excellent
Alkalies Excellent Excellent
Solvents Excellent Excellent
San Excellent Excelient
Water Excelient Excellent

TEMPERATURE RESISTANCE (Under insulation):
Centinuous: 425°F (218°C} )
Excursions to:  450°F (232°C)

At 200°F (83°C) coating discoloration may be ob-
served without loss of film inteprity.

SUBSTRATES: Apply over properly prepared steel.
COMPATIBLE COATINGS: Narmally applied directly to
substrate. May be applied over epoxies and phenolics
35 recommended. May be topcoated with epoxies,
polyurethanes or ather finish coats as recommended

July 96 Replaces September 95

SPECIFICATION DATA
THEORETICAL SOLIDS CONTENT OF MIXED

MATERIAL: .
By Volymes

THERMALINE 450 70 = 2%

VOLATILE ORGANIC CONTENT (VOC):
The {ollowing are nominal values:
As supphed: 2.13 Ibs./gal. {255 gm.Aiter).

Fiuld Pounds! Grams/
Qunces/Gal. Gallon  Liter
213 13 2.56 307

RECOMMENDED DRY FilM THICKNESS:
8-10 mils {200-250 microns) to be achieved in 1 or 2
coats. .

THEORETICAL COVERAGE PER MIXED GALLON:*
1,117 mil 5q. 1t. {27.9 sq.m at 25 microns)

139 5q. ft at 8 mils (3.5 sq. mA at 200 microns)
111 sq. 1t 8t 10 mils (2.8 sqmA at 250 macrons)

*Mixing and application losses will vary ang must be
taken into consideration when estimating job require-
ments.

STORAGE CONDITIONS: Store indoots.
Temperature: 40-110°F {4-43°C) Humidity: 0.90%

SHELF LIFE: 24 months when stored indoors at 75°F
(24°C}

COLOR: Red (0500) and Gray (5742}

GLOSS: Low {Epoxies lose gloss, discolor and eventu-
ally chalk in sunlight exposure.)

ORDERING INFORMATION

Prices may be obtained from your Carboline Sales
Representative or Carbahine Customer Service Depan-
ment.

APPROXIMATE SHIPPING WEIGHT:

THERMALINE 450 12 bs. (55 kg) SB Ibs. (26.3 k)

Thinner 213 8.4 Ibs. (3.B kgl 41 Ibs. {18.6 kg

FLASH POINT: {Setaflash)

THERMALINE 450 Part A: 853°F { 12°C)
THERMALINE 450 Part B: >200°F (>93°C}
Thinner 213 22°F { -6°C)
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APPLICATION INSTRUCTIONS
THERMALINE 450
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SURFACE PREPARATION: Remove all oil or grease
from surface to be coated with Thinner 2 or Suriace
Cleaner 3 (refer to Surface Cleaner 3 instructions) in
accordance with SSPC-SP 1.,

STEEL:

Not insulsted: Abrasive blast to 3 Commercial Finigh
in sccordance with SSPC-SP 6§ and obtain a 2-3 mil
{50-75 micron] blast profile.

Under insulation: Abrasive blast to » Near White
Finish in accordance with SSPC-SP 10 and obtain 8 2-
3 (50-75 micron) blast profile. .

MIXWNG: Power mix each component separately, then
combine and power mix in the foliowing proportions.

Allow 30 minutes induction tima st 75°F {24°C) prior

to use.

1 Gl KH 5 Gol Kit
0.8 pals. 4.0 gals.
0.2 pals. 1.0 gals.

THERMALINE 450 Part A:
THERMALINE 450 Part B:

THINNING: May be thinned up to 13 oz/gal with
Thunner 213.

Use of thinners other than those supplied or approved
by Carpolme may adversely atfect product performance
and void product warranty, whether express or implied.

POT LIFE: Three hours at 75°F {24°C} and Iess at
higher temperatures. Pot life ends when coating loses
body and begins to sag.

APPLICATION CONDITIONS:

Meterig] Surisces Amblemt  Hymighy
Normal 85-BS°F 65-85°F 65-85°F  230-80%
£18-29°C}  (18-29°C}  (18-25°C)

Minimum S5°F (13°C) SO°F (1D°C) SO°F (10°C) 0%
Mssimum 90°F (32°C) 110°F (43°C) 100°F (38°C) 85%

Do not apply when the surface temperature is less
than 5°F or 3°C abave the dew point.

Spc:;ial thinning and application techniques may be
tequired above or below normal conditions.

SPRAY:_ The following spray equipment has been
found suitable and is available from manufacturers such
as Binks, DeVilbiss and Graco.

. Conventional: Pressure pot equipped with dual regula-

tors, 1/2° 1.D. minimum material hose, .110" 1.D. {iuid
tip and appropriate air cap.
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Aldess:

Pump Ratio: 30:1 (min)*

GPM Output: 3.0 {min}

Material Hose: 1/2° 1.D. (min)

Tip Size: : .035°-.041°

Output psi: 2200-2500

*Teflon packings are rscommended and are svaiable
from the pump manufacturer. L3

BRUSH: For striping of welds, touch-up of smal! areas
only. Use z natural bristle brush, applying full strokes
Avoid rebrushing.

ROLLER: Not recommended.

DRYING TIMES: These times are based on a dry film
thickness of 10 mils (250 microns). Higher film thick.
ness, insufficient ventilation or cooler temperatures will
require longer cure times and could result in solvent
entrapment and premature failure.

Surisce
Iemperstyre Prrte Yopcost  Final Cure
SO*F (10°C) 18 hours 43 hours 21 days
80°F {18°C) 12 hours 32 hours 14 days
78°F {24°C) 8 hours 16 hours 7 days
$0°F (32°C) 3 hours 8 hours 4 days

H the final cure time has been exceeded, the surface
must be abraded by sweep blasting prior 1o the
application of any additional coats.

EXCESSIVE HUMIDITY OR CONDENSATION ON THE
SURFACE DURING CURING MAY RESULT IN A SUR
FACE HAZE OR BLUSH; ANY HAZE OR BLUSH MUST
BE REMOVED BY WATER WASHING BEFORE RE-
COATING,

VENTILATION & SAFETY: WARNING: VAPORS MAY
CAUSE EXPLOSION. When used in enclosed areas.
thorough air circulation must be used during and atter
application until the coating is cured. The ventlation
system should be capable of preventing the solvent
vapor concentration from reaching the lower explosion
limit for the solvents used. In addition to insunng
proper ventilation, fresh sir respirators or {resh ar
hoods must be used-by all application personnel
Where flammable solvents exist, explosion-proot
lighting must be used. Hypersensitive persons should
wear clean, protective clothing, gloves and/or protec-
tive cream on face, hands and all exposed areas.

CLEANUP: Use Thinner 2.

CAUTION: READ AND FOLLOW ALL CAUTION STATE-
MENTS ON THIS PRODUCT DATA SHEET AND ON
THE MATERIAL SAFETY DATA SHEET FOR THIS
PRODUCT.
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ENGINEERING CALCULATION

will be used at the Diablo Canyon Nuclear Power Plant.

COVER SHEET
ENERCON SERVICES, INC.
CALCULATION NO. PGE-009-CALC-001 REVISIONNO. 3
PURPOSE OF CALCULATION:

Design the components of an anchorage system for the Holtec HI-Storm 100SA used fuel storage casks that

SCOPE OF REVISION:

Revision updates the revision numbers of 2 Holtec documents.

REVISION IMPACT ON RESULTS:

No impact.
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APPROVALS (Priy Name and Sign)

ORIGINATOR S.C. Tummineli LR &/ - JIA Date 12/14/01

REVIEWER A Date

VERIFICATION ENGINEER K. L. Whitmore 522~ =>4 LA Date 12/14/01

APPROVER R.F.Evers A2 Date 12/14/01
2 P

JTHER REVIEWER

Date




SHEET 2 OF 27

gl %"
2}

B -
i

ENGINEERING CALCULATION
REVISION STATUS SHEET

ENERCON SERVICES, INC.

CALCULATION NO.

PGE-009-CALC-001

ENGINEERING CALCULATION REVISION SUMMARY

DOC-2

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.
CALCULATION SHEET REVISION STATUS
SHEET NO. REVISION NO. SHEET NO. REVISION NO.
All sheets upgraded to 1 3,11 3
Revision 1
3-6,9and 11 2
20-27 2
APPENDIX AND ATTACHMENT REVISION STATUS
APPENDIX NO. REVISION NO. ATTACHMENT NO. REVISION NO.
DOC-1 1 N/A N/A
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JOB. NO. PGE-009 DATE December 14,2001
PROJECT  DCPP ISFSI
SUBJECT Embedment Support Structure
CLIENT PG&E-DCPP ORIGINATOR S.C. Tumminelli
REVIEWER K. L Whitmore APPROVED R. F. Evers
CALCULATION NO. , PGE-009-CALC-001 REVISION 3

AL Aol T

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

ENERCON SERVICES, INC.

Method of Review:

The changes made in revision 2 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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JOB. NO. PGE-009 DATE November 21, 2001
PROJECT DCPP ISFSI
SUBJECT Embedment Support Structure
CLIENT PG&E-DCPP  ORIGINATOR S. C. Tumminelli
REVIEWER " K. L Whitmore APPROVED  R. F. Evers
CALCULATION NO. PGE-009-CALC-001 REVISION 2 ,

.20l g2

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.

PROBLEM STATEMENT

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.

. 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 1.898e6 1b./in. (Ref. 4.1.4, Table 1, pg. 23 and sheet I
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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| . SUBJECT  Embedment Support Structure
CoL e CLIENT PG&E-DCPP ORIGINATOR S. C. Tumminelli
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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)

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 fotlowing:

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 ductlle fallure 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 provrde substantral margm agalnst yreldlng

The main components of the anchorage system will be compnsed of a cxrcular 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 de51gn of the concrete pad is the subject
of a separate calculatlon A descrlptlon 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, +%4, -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 % 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 =
V4 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, =+ Y 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+2l =1.397+2 x-l—: 1.897 in .
n 4

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 that 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° 1b./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.




TR R Sy

SHEET 8 OF

27

> ““}é 5 JOB. NO. PGE-009 DATE June 27, 2001
@y
Vo PROJECT DCPP ISFSI
S 5}3 SUBJECT Embedment Support Structure
Her et 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 1
CAREE Y 11.25°
22.5°
P130 2" m 22.50
$139'4" B.C. ‘
22.5°
A A
11.25°
TYP 16 PL.

PLAN VIEW
EMBZDMENT 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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Figure 3
Section Through Coupler
(Ref. 4.1.2)
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40 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 Arrangerpent".
4.1.4 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
4.1.7 Good Bolting Practices, Volume 1: Large Bolt Manual, EPRI. 1987.

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 thc members as identified in the body of the calculation are in
compliance with design codes and acceptable design practices.
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CALCULATION

6.1 Embedment Support Plate

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

-
-
-

-
-
-
-

(149-%)-(139.5%)
L=

2

= 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 0.5 00 inch tolerance is
very large relative to the 0.030 inches computed to be beyond the code acceptable value.

L22P
‘T Ft

u

Ref. 4.2.2, eqn. J3-6

Compute acceptable P:

_LFt 45x58x2

=261 ki
2 2 P

P
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The limit on P is 1.5F, (t)(d) = 1.5 x 58 x 2 x 3.625 = 631 kip. Ref. 4.2.2,, eqn. J3-4.

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:
( '-j 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, F, =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=—2’5(Rf, —Rf)=§(1.81252 ~1.03%)
A =3.494 in®
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3 _R3 . 3_1.03%
Distance to C.G.: y=—4— R',’*% =i 18125, 1032
R, -R;: 37{1.8125° -1.03

J =0.9281n
iz

- 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= 0.9 x M; =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

/4 315.4 kip/in
Boss —

h

_
N 025in (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-

Mapp =315.4 x h ( % +0.25)= 157.7h? + 78.85h

Now, set Mu = Mapp
221.8=157.7h*+78.85h

0=157.7h*+7885h-221.8
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b -78.85 +4/78.857 —4x157.7(-221.8)
- 2x157.7

_ -78.85+382.27
2x157.7

=0.962 inch

And, 0.25" +0.962" =1.212" <2.0" (theipiate thickness). Therefore, OK.
Allowable load is: (0.962) (315.4) = 303.4 kip

Structure capacity is:

16 x 303.4 =4854.4 kip, i
as limited by bending of the boss on the coupler.

Compute the shear capacity of the Coupler as limited b}" the shear stress in the boss:
Shear stress in Boss

A =n(1.8125> - 1.03*)=6.99 in2 .
A . C e e
o.=—= (based upon fully elastic shear stress distribution)

075(RI+R}) __ 0750181257 +103%)  _ o

o=
© RI+R,R,+R} 1.8125% +1.8125x1.03+1.03°

Holding the maximum shear stress to 0.5 5 Fy, (Ref. 4:?.1 ,B.10.1), the shear
capacity of the boss is:

V =0.55 x 38.0 x 6.99 x 0.525 = 76.7 kip

Structure capagcity 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:
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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.

Surface “A”

ADGXEX TR

v

\J 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 2 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:

fha=13x O xf.=1.3 x 0.7 x 5000 = 4550 psi
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5570 '
W
M
Axis of
rotation 0.852 a
— ]
Y
Y
7y "
.85¢ § c
. , ,

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

. 5.5
W =2 sin 45° (—;

—

J = 3.89 inches

Line load is: w = (4.550) (3.89) = 17.7 kip/in
Heights of blocks are limited to 0 83 of the distances to the axis of rotation.

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

Y

(0. Md)

M, =177

~17 7x 0.85¢ X (9.75 ; 0'§5°)

M, =6.3%%a" -146.089c+6.394c’

Now: atc =9.754

. c=975-a
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Substitute:

M,, =6.394a’ —146.698(9.75—a)+6 394(9.75-a)’
M,, =6.394a% —1430.22 +146.68% +6.394(95.063~19.52 +a?)
M,, = 6.394a’ —1430.22 +146.68%a + 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 /4 inch

chamfer in the embedment support plate

157-62.13
s ressureon A) = ———" = =90 13 ksi
PP ) 10.39
Section modulus of A is:
S:l
C
n a((55) (4.125)
1= Z(R:-RY)=Z([22] _[ % =3071in*
4 4|\ 2 2
= M_n 161’
2.75

-~ Allowable moment on surface "A" due to the bearing blocks:
Man = (9.13) (11 16) = 101 89 mn-kip

Set the applied moment equal to the allowable moment:
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< Mg, = Ma
101.89 = 12.788a* +22.006a —822.39

0=12.788a% +22.006a —924.28

22006 +4/22.0067 — 4 x 12.788 x (~924.28)
2x12.788

_ —22.006+218.5
2x12.788

a=7.68in
c=9.75-7.68=2.07in
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 = 13504 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)

62.13
0.9(36.0)
.. Bar diameter: @ =1.563 inch, minimum

.. Required bar area: A = =1.918in? where & =0.9,Ref 4.2.1, Appendix B.10.1

The Holtec calculation (Section 2.2) uses a spring rate for these bars.

The bar used in the Holtec calculation is : diametqr ®=201n
' length: L =48 in
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Stiffness of the bar: k = e =1.898x10° Ib/in

Any bar used must be faithful to this stiffness.

The pad is sized to have 7 ¥ foot minimum thickness. (Itis 7 feet 11 % inch at its thickest point.)
The bars must deliver the loads deeply into the pad 1n order to preclude concrete tensile stresses
that might split the concrete.

Trya2),"®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 52" ® with 24" ® hole in it. Itis 9 %" long.

A ot =%(5.52 ~2.5%)=18.85 in?

_AE 1885x29x10°

Kepwree = =56.07 x 10° Ib/in
* L 975

Ay, =222 _ 409 in?

& 909x29x10°
Ky =om = FOONXIOT ) 106 tosin

L 71.13
Net k:

1 1 1
p— -+
k kcoupler l\mr

k  56.07x10" 2001x10°
©~ k=1932x10"1bin

The net k 1s within 1.8 % of the Holtec value and the net frequency is within 0.9%, therefore
acceptable.
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Determination of the bar ductility. Investigate the need for the upset ends:

Check thread strength capacity versus bar yield stfength.
Threads are to be 2% - 4UNC-2A, minor ® =2.1992 in
~ Ana=3.799 in? (minimum) . ApaFu= 3.799 x 58 =220.34 kip minimum
2. Apar =4.909 in’ <+ AparFy =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:  Fyg = 36.0/0.75 = 48.0 ksi and
Required Ductile Design Strength: Prg = Apar X Frg =4.909 x 48.0 =235.63 kip

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

L = 2xA,

. r : 3 (Ref. 4.1.6, Eqn. (1), Pg. 1490)
3.1416K_max|}4 +0.57735n(E_min —K _max |
n 2 s con

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

K, max = max minor diameter of internal thread, K,max = 2:26'7 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).
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2x4.00 _ .
L = : 1 = 1.7777 in
3.1416 x 2.267[%-1—0.57735){4(2.3241 ~2.267)]

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

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

Try a 7'2 inch square plate.

2
A=75%x75- f(zi) =51.09 in?
4\ 16

23563

G, = =4.61 ksi <24 ( 85)(5.000) =5.95ksi see Ref. 4.2.1, Sect. 10.15.1
® " 51.09

¢ =0.7; Ref. 4.2.1, Sect. 9.3.2.4

Size as an equivalent round plate, with 5.95 ksi applied.

2
i)
n R? T 5.95=23563= .. R=3.77in

Distance across flats of nut 1s 3.75; equivalent mner radius is R, = 1.875 inch

See Roark, 6" edition (Ref. 4.1.5.), Table 24, Case 2k:

=22 0497= Kng =0 345
3.77 Mb

b _1.875
a
M =0 345 x 5.95x 3.77% = 29.18 in-kip

Design using 90% of full plastic moment for base plate sizing, (See B 10.1, Appendix, Ref
42.1)
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2 _ 4x29.18
0.9x36

= 3.60 in?

t=1.90 in., use 2 inches
SUMMARY of shear capacities (Applied shear is 515 kip, section 2.2):

1) Embedment support plate shear capacity is 4176 kip > 515 kip

2) Coupler : Bending capacity of the boss: 4854.4 kip > 515kip
Shear capacity of the boss: 1227.2 kip > 515 kip

3) Concrete bearing capacity: 1350.4 kip > 515 kip

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

Therefore, the embedment hardware has sufficient capacxty to w1thstand 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 ¥; 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.
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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.

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 desi gn strength of 235.63

kip.

The bar force is Py =235.63 kip l

The Neutral Axis Xya 1s shown in its approximate location in the Figure on the next page. It doe:

139.5 = 69.75" because it must lie

not have to be located since the maximum value of Xy, is

beneath the footprint of the cask.
The d value for the pad is (see Figure on page 26): l

d=975+7113-2-1.25-1.25/2
= 77.00 in

Now bars 5, 6, 7 and 8 are all within 77 inches of the Neutral Axis (see Figure on the next page) [
Therefore, the load 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 P,q.
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Plan Geometry of the: Cask Anchor Studs
(Also, see Figure 1 on page 8)

Conservatively, compute the nct shear to be:

V=2x4x235.63 kip= 1885.04.kip

Using the 17 foot (204 inch), center to center distance of casks as the width of concrete section:
V, = OV.= 2045000077 Ref4.2.1,11.3.1.1

= 2 x 0.85+/5000 x (204) x (77)
= 1888.2kip > 1885.04kip .. OK.

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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Pad reinforcement layout:

EMBEDMENT SUPPORT PLATE

. 57
. M / PAD CONCRETE SURFACE
27 L 4 R T i s M s . T e
1 *”
7 " 1/
975" P '_Il/‘”lla
A4
LONG DIRECTION REINFORCEMENT
SHORT DIRECTION REINFORCEMENT
71.13”
El 302°-10”
R 4
= ==
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P —————— 3)’
e e L T L ol e 2

By design the support plate 1s embedded into the concrete for min. of V4".
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#10 bars are shown and used for depth calculation. If #9 bars are eventually used, then, the
calculation is conservative.

Top of anchor plate is at El. 302'-10".

" The lowest elevation of the top of the embédment support platé is el. 309'-8 */5".

elevation of concrete surface at low end of plate is:
El. 309-8 /3" - (02" +(0'- %4") = EL 309"-6 "/g"

' Length of coupler + free length of round baris: 1 = 309'-6 "/g" - (302'- 10")
1=6-87/"= 80.88"

The free length of round baris: 1o= 80.88"-9 %" =71.13"

This design assumes that it is easier to set the bottom steel at one elevation and adjust the anchor
plate on the rods, than it is to place the bottom steel at a constant distance from the finished

concrete surface.
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Appendix DOC-1

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 1, dated 11/20/01.

Sketch No. PGE-009-SK-302, Sh. 1, "Embedment Support Structure Details, Diablo Canyon Power
Plant", Revision 1, dated 11/20/01.
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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.



Vo . Draft 10/0’1100
“Code Requirements for Nuclear Safety Related Concrete

Structures (ACI 349-00) and Commentary (ACl 349R-00)"
Appendix B, Anchoring to Concrete

Index

B.0 —Notation

B.1~ Definitions

B.2-Scope

B.3-General requirements

B.4-General requirements for strength of structural anchors
B.5-Design requlrements for tem[le Ioadmt,

B.6-Design requirements for shear loading

B.7-Interaction of tensile and shear forces

B.8-Required edge distances, spacings, and thicknesses fo preclude splitting failure
B.9-Installation of anchors

B.10-Structural plates, shapes, and speci 1ty Inserts
B.11-Shear capaclty of embedded plates and shear lugs
B.12-Grouted embedments

Index for Appendix B commentary

RB.¢ Notation

RB.1-Delinitions

RB.2-Scope

RB 3-Geperal requirements

RB.4-General requirements for strength of structural anchors
RB.5-Deslign requirements for tensile loading

RB.6-Design requirements for shear loading

RB.7-Interaction of tensile and shear forces

RB.8-Required edge distances, spacings, and thicknesses to preclude splitting fallure
RB.11-Shear capacity of embedded plates and shear lugs
RB.13-Comparison of Concrete Capacity Method and ACI 349-97

Add a new ASTA reference to Section 2.8.1 for welded studs:
A 108-99 Standard Specification for Steel Bars, Carbon, Cold-Finished. Standard Quality
Add new Secfion 3.8.7:

3.8.7 - Structural Welding Code — Steel” (AWS D, L 1:2000) of the American Weldine Societyis declared tobe a
part of this code as if fully set forth berein,

Renumber existing paragraph In 8.1 to 8.1.1 and add new Section 8.12
8.12—-Anchors for attaching to concrete shall be designed using Appendix B, Anchoring to Concrete.

Add new Section 21.2.7

21.2.7-Anchoring to Concrete

21.2.7.1-Anchors resisting earthquake-induced forces shall conform to the requitements of Appendix B.

349-1
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Appendix B, Anchoring 10 Concrete

B.0 Notation

A,y = bearingarea of the head of stud oc anchor bolt, in.? : |

Ane = projected concrete failure area of one anchor, for calaulaticn of strength in tension, when not limited by edge
distance or spacing, as defined in B.5.2.1, in? [SecFig. RB.5.1(@)]

Ax = projected coacrete failure area of an anchor oc group of anchors, for calculation of strength in teasion, as defined
inB52.1,m? Ay shall not be taken greater than nAs, . [See Fig. RB.5.1(0)]

A, = effective cross-sectional area of anchox, in?

Ay = cffective cross-sectional area of expansion oc undercut anchoc sleeve, if sleeve is within shear plane, m2

Ay, = projected concrele failure area of one anchor, foc calculation of streagth in shear, when not limited by comner
influences, spacing, oc member thickness, as defined in B.62.1, in? [(SecFig. RB.6.2(a)]

Ay = projected concrete failure area of an anchoc oc group of anchors, for caleulation of strength in shear, as defined in
B621,in? Ay shall notbe taken greater than nAv, . [SecFig. RB.62()]

C = the compressive resultant focce between the embedment and the concrete resulting from factored momeat and
factored axial load applied to the embedment, Ib l

¢ = distance from center of an anchoc shaft to the edge of concrete, In.

¢, = distance from the center of an anchoc shaft to the edge of coacrete In cae direction, in.; Wwhere shear focee is |
applied to ancher, ¢; is in the direction of the shear force. [See Fig. RB.6.2()]

c; = distance from center of an anchor shaft to the edge of coacrete n the direction octhogoaal to ¢y, in.

Coux = thelargesteftheedge distan ces-that-sre-dess-than-or-equatto-1-5br, in. {aseé—ezﬂy—faf—(he—casee&hree-&f—fcm‘ \
edgesy:

e = the smallest efthe-edge distances-thatareJess-than-ecequatto =54, in. l

= outside diameter of anchor oc shaft diameter of headed stud, oc headed enchiesbolt, in. l

ey’ = eccentricity of normal foroe on a group of anchors; the distance between the resultant tension load on 2 group of
anchors in teasion and the ceatroid of the aress-ef-tha-group of anchors loaded in teasion, ing -ey is always
positive: [See Fig. RB.52(b and c)] ‘

ey = eocentricity of shear focce on a group of anchocs; the distance betweea the point of shear force application and
the ceatroid of the group of anchors resisting shear in the direction of the applied shear, in.

£ =

specified compressive strength of concrete, psk l

349-2
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specified teasile strength of concrete, psi: l
modulus of rupture of coacrete, psiz (See 9.5.2.3) |
calculated tensile stress in a region of a member, pst: |
specified yield strength of anchor steel, pskt l
specified tensile strength of anchor steel, psi: |
specified tensile strength of anchor sleeve, psiz |
thickness of member in which an anchor is anchoced, measured parallel to anchor axis, in.
effective anchoc embedment depth, in. (See B.8.5 and Fig. RB.1)
coefficient for basic concrete breakout streagth in tension: |
coefficient for pryout strength: ) |
load-bearing length of anchoc for shear, n.oc to exceed 84, , in.
hy foc anchocs with a constant stiffness over the full length of the embedded section, such as headed studs o
post-installed anchors with one tubular shell over the full Iength of the embedment depths
24, for tocque~coantrolled expansica anchors with a distance sleeve separated from the expansion sleeve:
number of anchocs in-a group:
basic concrete beeakout strength in tension of a single anchor in cracked coacrets, as defined in B.5.2.2, Ib:
nominal concrete beeakout strength in tension of a single anchor, as defined in B5S2.1, Th-
nominal concrete beeakout streagth in tension of a group of anchors, as defined in BS2.1, Ib:
noainal streagth in teasion, Ib:
pullout strength in teasion of a single anc.;'noc m cracked concrete, as defined in B534, It

nominal pullout strength in teasion of a single anchor, as defined in B.5.3.1, Ib:

side-face blowout streagth of a single anchor, 1b:
side-face blowout strength of a group of anchors, 1b: |

nominal strength in teasion of a single anchor or group of anchors as governed by the steel strength, as defined
inB.5.1.1 oc B5.1.2, Ib:

factored tensile Ioad, 1b: |
thefactored external axial load on the embedment, 1b: I

anchor center-to-center spacing, in.

349-38
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s, = spacing of the outer anchors along the edge in a group, in.

t = thickness of washer oc plate, in.

vV, = basicconcrete breakout strength in shear of a single anchor in cracked concrete, as defined in B.6.220r B.6.2.3, lb!

Vs = nominal concrete breakout strength in shear of a single anchor, as defined in B.62.1, 1b:
Va = nominal concrete breakout strength in shear of a group of anchors, as defined in B.62.1, Ib:
Ve, = nominal concrete pryout strength, as defined in B.6.3, Ib:

V. = nominal shearstrength,Ib:

=
n

- nominal streagth in shear of a single anchor or group of anchors as governed by the steel streagth, as defined in
B.61.1ccB.6.12,1b:

. = factored shearload, Ib-

strength reduction factoc (see B.4.4):

-
]

¥, = modification factor, for strength in tension, to account for anchor groups loaded ecceatrically, as defined in
BS524: .

¥, = modification factex, for strength in tension, 1o account foc ‘edge distances smaller than 15h, , as defined i n
B525:

¥, = modification factor, for strength in tension, to account for cracking, as defined nBS2.6and B5S27T:
¥, = modification factor, for pullout streagth, to account foc cmacing, as defined in B53.1and B53.5:

¥, = modification factor, for strength in shear, to account for anchoc groups loaded eccentrically, as defined in
B62S: ‘ C

|
|
l
l

¥, = modification factor, for strength in shear, to account foc edge distances smaller than 1.5¢;,as defined inB.62.6: l

¥, = modification factex, for strength in shear, o account for cracking, as defined in B.62.7-

B.1- Definitions

Anchor—A steel element either cast into concrets oc pst-installed into a hardened concrete member and used (o transmit

applied loads including headedsteaizght bolts, heat: ‘ed-toits{J—erI-bold-headed studs, expansion anchocs, undercut *
anchors, oc specilty insexts.

Anchor group—A number of anchors of approximately cqual cflective embedment dcpth vmh each anchoc spaced at less
than three times its embedment depth from one or moce adjacent anchors.

Anchor px}llout strength-The strength cocresponding to the anchoding device oc a majoc component of the device sliding
out from the concrete without beeaking out a substantial poction of the surrounding concrete.

349-4
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Attachment~The structural assembly, external to the surface of the concrete, that transmits loads to ¢r receives Joad from
the anchor.

Britile steel element—An element with a tensile test elongation of less than 14 % pereent-evesa-2ia—sage-feasth, or 4
reduction in area of less than 30 $percent , oc both.

Cast-in anchor—A beaded bolt o headed stud installed before placine sxcrete,

Concrete breakout strength-The strength corresponding to a volume of concrete surrounding the anchor or group of
anchors separating from the member.

Concrete pryout strength-The streagth corresponding to formation of a conarete spall behind a short, stiff anchor with an
embedded base that is displaced in the direction opposite to the applisd shear force.

Distance sleeve-A sleeve that encases the center part of an undercut anchor, a tocque~controlled expansion ancher, or 2
displacement-controlled expansion anchor, but does not expand.

Ductile embedment - An embedment designed for a ductile steel failure in accordance with B.3.6.1.

-’\m -~

Ductile steel element~An element with a tensile test elongation of at least 14 &percent
reduction in area of at least 30 fepercent. A steelmeeting ASTM A 307 shall be considered ductile.

Edge distance-The distance from the edge of the concrete surface to the center of the nearest andlor.

Effective embedment depth-The overall depth through which the anchor transfers focce to «¢_from the surrounding
concrete. The effective embedment depth will normally be the depth of the ooncrete failure surface in tension
applications. For cast-in headed enchoe-bolts and headed studs, the effective embedment depth is measured from the
bearing coatact surface of the head. (SeeFig. RB.1)

Embedment - A steel component embedded in the concrete to transmit applied. loads to or_from the concrete
structure. The embedment may be fabricated of plates, shapes, anchors, reinforcing bars, shear connecters,
specialty inserts, or any combination thereof.

Expansion anchor-A. post-installed anchox, inserted imto hardened concrete that transfers Ioads into oc from the concrete
by direct bearing o friction oc both. Expansion anchocs may be tocque-coatrolled, where the expansion is achieved by a
tocque acting oa the screw oc bolt; oc displacementcoatrolled, where the expansion is achieved by impact focces acting
oa a sleeve or plug and the expansion is controlled by the length of travel of the sleeve oc plug.

Expansion sleeve-The outer part of an expansion anchor that is forced outward by the ceater part, either by applied
torque oc impact, to bear against the sides of the predrilled hole.

5 Bpercent fractile-A statistical term mmmng 90 perc::nt oonﬁdeuoc lhat therc is 95 pcroent probabduy of the actual
strength exceeding the nominal streagth—Bete :

YWelded-fiHeaded stud-A steel anchoc-mads onsist o rmad-hes
conforming to the requirements of AWS D1.1: and—’Hacﬁﬂebef—ts aﬁixcd o a.plaLc oc sumlar stecl attadlmcnt by thc stud
arc welding process beforepsiorta casting-into-ard-being-embedded sithin-aeoacretecloment.

Post-installed anchor-An anchex installed in hardened conarete. Expansion anchocs and undercut anchoxs are examples
of post-installed anchors.

349-5
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Projected crea-The area oa the free surface of the concrete member that is used (o represent the larger tase of the
assumed rectilinear failure surface.

Side-face blowout strength-The strength of anchocs with deeper embedment but thinner side cover corresponding to
concrete spalling on the side face around the embedded head while no majoc breakout occurs at the top concrete surface.

Inser-{aSpecialty insert) ~Predesigned and prefabxicated cast-in anchors specifically designed foc attachment of bolted &
slotted connections. Specialty finserts are often used foc bandling, transportation, and erection, but are also used for
anchering structural elements.

Supplementary reinforcement — Reinforcement proportioned to tic_a potential concrete failure prism_to_the

truyctural member,

Undercut anchor-A post-installed anchoc that desives its tensile strength by the mechanical interlock provided by

undercutiing of the concrete at the embedded end of the anchor.” The undercutting is achieved with a special drill before
installing the anchor or alternatively by the anchoc itself during its installation.

B.2-Scope

B.2.1-This Appendix provides design requiremeats for structural embedments in concrete used to.transmit structural
loads from attachments into concrete members or from cae connected concrete member to another by means of teasiog,
shear, bearing, oc a combination thereof. Safety levels specified are intended for in-service conditions, rather than foc
short term handling and construction conditions. ' . o

B.2.2-This Appendix applies to both cast-in anchocs sueh-gs-handed-studs-or-Eeaded-bolts-and post-installed anchocs

«chers-ard-umdecent-anchers;_Through bolts, multiple anchors

LE—-CORELL ]

connecied 1o a single steel plate at the embedded end of the anchors bolts-anchered-to-embeddad-larpe-stect-plates,
adhesive oc grouted anchors, and direct anchocs such as powder oc pneumatic-actuated nails oc bolts are not included.
Reinforcement used as part of the embedment shall be designed in accordance with other parts of the code.

B.23-Headed smds and headed bolts thsthaveing a geormetry that has been demonstrated to vesult in a pullout streagth in
uncracked conarete equal oc exceeding 1.4 N, [where Ny is given by Eq. (B-10a)] are included. Post-installed anchocs are
included provided that B33 is satisfied. -

-

B 2.4-Load applications that are predominantly high-cycle fatigue are not covered by this Appeadix.
B.2.5-In additicn to meeting (ke requirements of this chapter, consideration shall be given to the effect of the
forces applied to the embedment on the behavior of the overall structure.

B.2.6-The jurisdiction 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

B.3.1-The embedment and surrounding coocrete or grout shall be designed for critical effects of factored loads as
determined by elastic analysis. Plastic analysis approaches are permitted where nominal strength is controlled by ductile
stee] elements, provided that deformational compatibility is taken into account. Assumptions uséd in distributing loads
within the embedment shall be consistent with those used in the design of the attachment. '

B 3.2-The desien streagth of aAnchors shall aqual or excesd the largest required strengih calailated from the aprlicable
be-denioned-fue-atHoad combinations eutlined-in 9.2.
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B.3.3-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 loads. These verification tests shall be conducted by an
independent testing ageacy and shall be cectified by a professional engineer with full description and details of the
testing programs, procedures, results, and conclusions.

B.3.4-All provisions for anchor axial tension and shear strengh apply to normalweight concrete caly.

B.3.5-The values of £, used for calculations in this Appendix shall not excead 10,000 psi for cast-in anchors and 8,000
psi foc post-installed anchocs.

B.3.6-Embedment design

B.3.6.1-Embedment design shall be controlled by the strength of embedment steel. The design strength shall be
determined using the strength reduction factor specified in B.4.4(a). It shall be permitted to assume that design is
controlled by the strength of embedment stect where the design concrete breakout tensile strength of the
embedment, the design side blowout streagth of the embedment and the design pullout strength of the anchors
exceed the specified ultimate tensile streagth of the embedment steel and whea the design concrete breakout shear
strength exceeds 65 Spercent of the specified ultimate tensile strength of the embedment steel. The design
concrete tensile strength, the design side blow out strength, the design pullout strength and the design coacrete
breakout shear strength shall be taken as 0.85 times the nominal strengths.

B .3.6.2-As an alternate to B.3.6.1, the attachment shall be designed to yield at a load level corresponding to
anchor forces not greater than 75 $6percent of the anchor design strength specified in B.4.1.3. The anchor design
strength shall be determined using the strength reduction factors specified in B.4.4 (b) or ©).

B.3.6.3-It shall be permitted to design anchors as nondudtile 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.4.1.

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

B 3.8-Embedment materials for ductile anchors other than reinforcing bars shall be ductile steel elements.

B.3.9-Ductile anchors that incorporate a reduced section in the teasion or shear load path shall satisfy one of the

following conditions:
a) The ultimate tensile streagth of the reduced section shall be greater than the yield strength of the unreduced
section.

b) For bolts, the length of thread in the load path shall be at least two anchor diameters.

B.3.10~The design strength of embedmeant materials may be increased in accordance with Appendix C for
embedments 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 stren gth of the embedment steel as specified in B.3.6.

B.4-General requirements for strength of structural anchors

B.4.1-Strength desiga of stegetaral-anchocs shall be based cither on the computation using design models that satisfy the
requirements of B.4.2 oc on test evaluation using the 5% percent fractile of test results for the following:

a) steel strength of anchor in tension (B.5.1%
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b) steel strength of anchor in shear (B.6.1); )

c) concrete breakout strength of anchor in tension (B.52)

d) concrete beeakout stren gth of anchor in shear (B.6.2);

¢) pullout strength of anchor in teasion (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

In addition, anchors shall satisfy the required edge distances, spacings, and thicknesses to preclude splitting failure as

B.4.1.1-For the design of anchocs, except as required in B3.3;2

¢N, =N, ®-D
¢, 2V, : B-2)

B.4.1.22-In Eq. (B-1) and (B-2), ¢N, and ¢V, are the lowest design strengths determined from all appropriate faflure |

modes. ¢N, is the lowest design steength in tension of an anchor oc group of anchors as determined from considesation of
4N, , N , either $Ns o ¢Na, and either ¢Na o $Neo $Va is the lowest design strength in shear of an anchor oc a
group of anchors as determined from consideration of VY, either ¢V OC Ve, and Ve,

B.-ci.l._‘.’_’Z—Whm both N, and V, are present, interaction effects shall be considered in accordance with B.4.3.

B.4.2-The nominal strength foc any anchoc oc group of anchoxs shall be based on design models that result in predictions
of strength in substantial agreement with results of comprehensive tests. The materials used in the tests shall be
compatible with the materials used in the structure. The nominal strength shall be based on the 5 Fpercent fractile of the
basicindividual anchoc streagth. For nominal streagths related to the-concrete strenpth, modifications for size effects, the
number of anchors, the effects of close spacing of anchors, proximity to edges, depth of the concrete member, eccentric
Joadings of anchor groups, and presence ¢ absence of cracking shall be accounted foc, Limits oa edge distances and -
anchor spacing in the design models shall be coasistent with the tests that verified the model.

A}

B.4.2.1-The effect of supplementary reinfoccement provided to confine oc restram the concrete ‘breakout, oc both, shall be
permitted to be included in the design models ef-nsed to satisfy B.4.2.

B.4.22-Foc anchocs with diameters not exceeding 2 in., and teasile embedments not exceeding 25 in. in depth, the
concrete breakout strength requirements of Bx42-shall be coasidered satisfied by the design procedure of BS52and B.62.

B.43 Resistance to combined teasile and shear loads shall be considered in design using an interaction expressica that
results in computation of strength in substantial agreement with results of comprehensive tests. This requirement shall be
considered satisied by B.7.

B.4.4-Strength reduction factor ¢ for anchorsisg-to in_concrete shall be as follows when the; load combinations of
9.2 are used: -

a) Anchor governed by strength of a‘du_ctilc steel element

................................................................................................................... 0.80
T1) SBEAL LOAAS cvrueeceerssnsrasesesssesersssssssssmmsstmsssrussessosasssanssnsssss s cas s mes s st s s st 0.75
b) Anchoc governed by streagth of a brittle steel element
§) TEDSTON LUOAAS verrevsrrssrsnsrsnasianessssssssssssssssssasssassmmmsessss s rsasssess s amtmss st s 0.70
1) SHICAT LOAGS svvveveeesssessrersrssasssessessssssmsnsnssasssssasassessas s e sss s s s e 0.65
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¢) Anchor governed by concrete breakout, side-face blowout, pullout oc pryout strength 0.75

B.4.5- Bearing Streagth

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 9.2-of-the-Cede. If the requirements of 9.2.3 are satisfied, however, it is ]
permitted to use the available confining force afforded by the tension anchors in combination with acting (or

applied) loads used in determining the shear strength of embedments with shear lugs.

B.4.5.2 - The design bearing streagth used for concrete oc grout placed against shear Iugs shall not exceed 1.3 ¢f.” using a
strength reduction factor ¢ of 0.70. For grouted installations, the value of £’ shall be the compressive strength of the grout
o the coacrete, whichever is less.

B.5-Deslgn requirements for tensile loading

B.5.1-Steel strength of anchor in tension

B.5.1.1-The nominal strength of an anchoc in tension as governed by the steel, N,, shall be evaluated by calculations
based on the properties of the anchor material and the physical dimensicns of the anchor.

B.5.1.2—The nominal streagth of an anchoc oc group of anchocs in tension, N, shall not exceed: I

N,=nd fa ®B-3)
where f,, shall not be taken greater than 1.9, or 125,000 psi.
B._52-Concrete breakout strength of anchor in tension
B.52.1-The nominal concrete breakout strength, N, of an anchor oc group of anchocs in tension shall not exceed:
(a) for asingle anchor:

Ny (B-4a)

(o) ioc a group of anchoxs:

of the faﬂm sudhm ﬁx Lhc andlor or group of anchom that shall be appmxxmatcd as thc base of the rectilinear
geometrical figure that results from projecting the failure surface outward 1.5h ¢ from the ceaterlines of the anchor, oc in
the case of a group of anchors, from a line through a row of adjaceat anchors. Ay shall not exceed n Ay, , where n is the
number of tensioned anchors in the group. A, is the projected area of the failure surface of a single anchoc remote firom
edges:

Avo= 9HY . (B-5)
B.5.2.2-The basic concrete breakout strength, N, . of a single anchor in tension in cracked concrets shall not exceed:
Ne=kJf! 17 (B-6a)

where k = 24 for cast-in headed-swds,and-headed-baltsanchory
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k= 17 for post-installed anchors.

Alternatively, foc cast-in headed studs and headed bolts with 11 in. < he < 25 in., the basic concrete breakout strength of a
single anchec in tension in cracked concrete shall not exceed:

N, =16f/h*" (B-6b)
where—le—16: |

B.5.2.3-For the special case of anchocs in an application with three or four edges and (e largest edge distance Cpe < 1.5
by, the embedment depth hrused in Eq. (B-5), (B-6), (B-7), and (B-8) shall be limited to Cud/1.5.

B.5.2.4-The modification factor for eccentrically loaded anchor groups is:

=——1,—' <l ' B-7
128
T

¥,

Eq.B-7)isvalidfor e, <5/2.

.If the loading oa an anchoc group is such that caly some andmf)cs are in teasion, oaly those anchors that are in tension
shall be considered when determining the eccentricity, ej , foc use in Eq. (B-7). .

. In the case where eccentric loading exists about two axes, the modification factex, yy, shall be computed for each axis
individually and the product of these factors used as Y n Eq. (B-4b).

v is equal to 1.0 for a ductile embedment analyzed using oaly linear (elastic) analysis techniques.

B.5.2.5-The modification factor foc edge effects is:

v,=11i cu215hy (B-82)
W, = 0.7+03755 if o <L.5hy ®-8b)
Shy

B.52.6-When an anchoc’is located in a tegion of a concrete member where analysis indicates no cracking

(f. < £)) under the load combinations specified in 9.2 with load fadocs taken as unity, the following modification factoc
shall be permitted:

w,= 125 for cast-in anchors headod-steds-cad-headed-boltrand \
;= 1.4 for post-installed anchors.

13.6.2.7-When analysis indicates cracking under the load combinations specified i 9.2 with load factocs taken as wnity, |
3 shall be takea as 1.0 for both cast-in anchocs and post-instalied anchocs. The cracking in the concrete shali be

coatrolled by flexural reinfoccement distributed in accordance with 10.6.4, or equivaleat crack coatrol shall be provided by
confining reinfoccement.

B.52.78Whez an additional plate or washer is added at the head of the anchex, it shall be permitted to calculate the |
projected area of the failure surface by projecting the failure surface outward 1.5h. from the effective perimeter of the plate

oc washer.” The effective perimeter shall not exceed the value at a section projected outward morce than t from the outeT
edge of the head of anchor, where tis the thickness of the washer or plate. -
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B.5.2.89 For post-installed anchors, it shall be permiltted to use a coefficient, k, in equation B-§7a based on the 5
Spereent fractile of results from product-specific tests, For such cases, the modification factor, Yy, shall be based
on a direct comparison between the average ultimate failure loads and the charactecistic loads based on the 5
Sopercent fractile of product-specific testing in cracked concrete and otherwise identical product-specific testing in |
uncracked concrete.

B.5.3-Pullout strength of anchor In tension

B.5.3.1-The nominal pullout strength, N... of an anchor in tension shall not exceed:
}Jpn W4 (B‘g)

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 “percent fractile of results of tests performed and evaluated according to
B33.

B.5.33-For single cast-in headed studs and headed bolts, it shall be permitted to evaluate the pullout strength in tension
using B.53.4.

B.5.3.4-The pullout strength in teasion of a single headed stud oc headed bolt, N, for use in Eq. (B-9), shall not exceed:
No=A-8-F+ (B-108)
N =A... 3 fc’

B.53.5_For an anchor located in a region of a concrete member where analysis indicates no cracking (f < f) under
the load combinations specified in 9.2 with load factors taken as unity, the following modification factor shall be

permitted:

-  y,=14
Otherwise, Yy shall be taken as 1.0

B.5.4-Concrete side-face blowout strepgth ofa headed anchor In tension

B.5.4.1-For a single headed anchoc with deep anbcdmcut dosc to an edge, the nominal side-face blowout strength N
shall not exceed:
T -~ 4 ,_f';
N, =160c Ay, + fe (B-11)
If the single anchor is located at a perpendicular distance, ¢; , less than 3c from an edge, the value of N, shall be modified
by-multipliedsing-it by the factoc (1 + c/c)d where 1 < ¢/c<3.

B.5.4.2-Foc multiple-headed anchocs with deep embedment close to an edge (e < 0.4 ) and spacing between anchoss
iess than 6¢, the nominal sireagth of the outer anchors along the edge in the group for a side-face blowout failure N,
shall not exceed:

N, =(1+ gc) N, ®-12)

where s, = spacing of the outer anchors along the edge in the group and N, is obtained from Eq. (B-11) without
modification foc a perpendicular edge distance. The nominal strength of the group of fasteners shall be taken as the
nominal strength of the outer fasteners along the edge multiplied by the number of rows parallel to the edge.
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B.6-Design requirements for shear loading -

B.6.1-Steel strength of anchox in shear

B.6.1.1-The nominal strength of an anchor in shear as governed by steel, Ve, shall be evaluated by calculations based on
the properties of the anchor material and the physical dimensions of the anchor.

B.6.1.2-The nofinal strength, V,, of an anchor oc group of anchors in shear shall not exceed: |
(2) for cast-in weldedheaded stud anchors: |
V, =nA, fu (B-13)

where f,, shall not be taken greater than 1.9, or 125,000 psi.
() for cast-in tbeanded-headad bolt anchors: |
) V, =n0.6A.fu (B-14)
where £, shall not be taken greater than 1.9f, oc 125,000 psi.
(©) for post-installed anchocs:

V, = n{0.6 Ay fi + 0.4 Anfiin) ' " (B-15)
where £, shall not be taken greater than 1.9f, oc 125,000 psi.

Whean 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.6.1.3-Where anchors are used with built-up grout pads, the nominal streagths of B.6.1.2 shall be reduced by a 0.80
Bda26-5- “

B.6.1.4 - Friction between the baseplate and concrete may be considered to contribute to the nominal shear
strength of the connection. The nominal shear stren gth resulting from friction between the baseplate and concrete
(that is, without any contribution from anchors) may be taken as 0.40C .

B.62-Concrete breakout strength of anchor In shear

B.6.2.1-The nominal concrete breakout strength, Vs, 1 shicar of an anchor o gTo8p of enchors shall not exceed: |

(@) foc shear force perpendicular to theedzeon a single anchoc

A , (B-162)
Va = A4 Ve Ve

Yo

@) foc shear force perpendicular o the edge cu a group of anchoxs:
Verg = Ar Ws¥el: Ve (B-16b)
AVo
(© for shear force parallel to 2 edgs, Vo o¢ Vi, shall be permitted to be twice the value for shear foxce
determined from Eq. (B-16a oc b) respecuvely with g taken equal to L.

¢+{d)_for anchors located at 2 comer, the Limiting nominal concrets breakout streagth shall be determined for |
each edge and the minimum value shall be used.

349-12



Draft 10/01/00
V-is-he-huste coacrete-beeskout-streng th-value-for-t-single-nnclier—A, is the projected area of (he failure surface on the |
side of the concrete member at its edge foc a single anchor or a group of anchors. It shall be permitted to evaluate this area
as the base of a truncated half pyramid projected on the side face of the member where the top of the balf 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 DA, , where n is the number of anchors in the group.

Aw is the projected area for a single anchor in a deep member and remote from edges in the direction perpeadicular to the
shear force. It shall be permitted to evaluate this area as the base of a half pyramid with a side length parallel to the edge
of3¢c;and adepth of 1.5 ¢;:

Ao =4.5¢/ ®B-17)

Where anchocs are located at varying distances from the edge and the anchors are welded to the attachment so as to
distribute the force to all anchors, it shall be permitted to evaluate the strength based on the distance to the farthest row of
anchors from the edge. In this case, it shall be permitted to base the value of ¢; on the distance from the edge 1o the axis of
the farthest anchor row which is selected as critical, and all of the shear shall be assumed to be carried by this aritical
anchor row alone.

B.6.22-The basic concrete breakout strength, Vi, in shear of a single anchor in cracked concrete shall not exceed: |

02 ’
J4 : .
w=1(g | AR et
o

B.623-For cast-in headed studs, oc headed bolts, that are rigidly welded to steel attachments having a minimum
thickness equal to the greater of 34 in. oc half of the anchor diameter, unless-dotermined in-reacrdance-with B-4.2-the
basic conarete breakout strength, Vs, in shear of a simgle anchec in cracked concrete shall not exceed:

0.2
£ v
Vb=8('d—) Jdo fe c? (B-18b)
o
provided that:
a) for groups of anchors, the strength is determined based oa the strength of the row of anchors farthest from
the edge: .

¢3b) _the ceater-to-center spacing of the anchocs is not less than 2.5 in.
&) _supplementary reinforcement is provided at the comess if ¢, < L5h,.

B.6.2.4-For the special case of anchors in-a-thin-frember-influenced by three oc more edges, the edge distance c; used in |
Eq. (B-17), (B-18), (B-19), and (B-20) shall be limited to h/1.5.

B.6.2.5-The modification factor for eccentrically loaded anchor groups is:

YVs= ‘——-—{26, <1 ®-19)
I+
3a

Eq.(B-19)isvalid for e, < 5/2.

B.62.6-The modification factoc foc edge effects is:
1//6=] ifC22 ].5c1 (B-20a)
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Ve= 0.7+ 0.3 if c2<1.5¢ (B-20b)

15c

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

pr=14

For anchors located in a region of 2 concrete member where analysis indicates cracking under the load combinations
spcaﬁed in 92 wuh load factocs taken as umty, thc follovang modLﬁmuou facta's shall be pcrrruttcd dn-eeder-to-be

oS

Y= 1.0 for andnocs in cracked coacrete vmh no Supp Iu‘m.arv eé:ie-rcmfo:mcnt x JQD]&"ICQ.‘L:I edze
rcmforocmcnt smaller than a #4 bae

y=12 . foc anchors in cracked concrete with s ugglemcntg edse-reinforccement of a #4
bar or greater between the anchoc and the edges: :

y;=14 for anchocs in cracked concrete with supplementary edes-reinfoccement of a #4
bar or greater betweea the anchor and the edge and with the supplementary eé:ze
reinforcement enclosed within stirrups spaced at not moce than 4 in.

To_be considered as_supplementary_reinforcement, the reinforcement shall be dcslg;cd to
intersect the concrete breakout fatlure surface defined in B.5.2.1.

B.63-Concrete pryout strength of anchor in shear

B.6.3.1-The nominal pryout strength, Vo, shall not exceed:
ch = kcpN cb (B-21)
where
ko, =1.0forh,<2.51n.

X, =2.0forh,>2.5in.
and N, shall be detecmined from Eq. (B-4a), b.

B.7-Interaction of tensile and shear forces

Unless determined in accordance with B.4.3, anchors oc groups of anchocs that are subjected to both shear and axial leads
shallbcdwgnedtosansfythcrcqmmncntsofB71 lhroughB7.3 'I‘hcvalucof@N shallbcasdcﬁncanBtiI.’Z.{ﬁe

B..1-IfV, <024V, thea full strength in tension shall be permitted: ¢N, > N.,.
B.72-IfN,<0.24N,, then full strength in shear shall be permitted: ¢V, > V..

B.73-IfV, > 024V, and N, > 0.26 N, then:

Ne o Vi 219 -
N, TPV, ®2)

B.8-Required edge distances, spaclngs, and thicknesses to precflide; splitting fallure
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Minimum spacings and edge distances for anchocs and minimum thicknesses of members shall confocm to B.8.1 through
B.8.6, unless supplementary reinfoccement is provided to coatrol splitting. ]

B.8.1-Minimum ceater-to-center spacing of cast-in hesded-anchocs shall be 4d, for untorqued anchors and 64, for |
tocqued anchors.

B.8.2-Minimum center-to-center spacing of post-installed anchocs shall be based on tests performed accoeding to B.3.3.

B.83-Minimum edge distances for cast-in hesded-anchocs that will not be tocqued shall satisfy the minimum covet
requirements for reinforcement in 7.7. Minimum edge distances for cast-in headed-anchors that will be torqued shall be
based o the greater of the minimum cover requirements for reinforcement in 7.7 oc 6d..

B.8.4-Minimum edge distances for post-installed anchocs shall be based on the greater of the minimum cover
requirements foc reinfoccement in 7.7 oc the minimum edge distance requirements for the products as determined by tests
performed according to B.3.3, and shall not be less than two times the maximum aggregate size.

B.8.5-The value of h 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 a mintmum edge distance as assumed
in design.

B.9-Installation of anchors

B.9.1-Anchors shall be installed in accordance with the project drawings and project specifications and the requirements
stipulated by the anchoc manufacturer.

B.9.2-The engineer shall establish an inspection program to verify proper nstallation of the anchoxs.

B.9.3-The engineer shall establish a welding procedure to avoid excessive thermal deformation of an embedment
that, if welded to the attachment, could cause spalling or cracking of the concrete or pullout of the anchor.

B.10-Structural plates, shapes, and speclalty Inserts

B.10.1-The design strength of embedded structural shapes, fabricated shapes, and shear lugs shall be determined
based on fully yielded conditions, and using a ¢ factor of G.5 for teasion, compression and bending (and
combinations theceof), and 0.55 for shear.

/

B.10.2-For structural shapes and fabricated steel sections, the web shall be designed for the shear and the flanges
shall be designed for the tension, compression, and bending.

B.10.3-The nominal strength of specialty inscrts shall be based on the 5%percent fractile of results of tests I
performed and evalvated 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 embedments with shear lugs shall include coasideration of the bearing
strength of the concrete oc grout placed against the shear lugs, the direct shear strength of the concrete oc grout placed
between shear lugs and the confinement affocded by the teasion anchocs in combination with external loads acting across
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potential shear planes. Shear loads toward free edges and displacement compatibility between shear lugs shall also be

considered. When 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-Shear toward free edge

For shear lugs bearing toward a free edge, unless reinforcement is provided to develop the required strength, the design
shear strength for each lug shall be determined based on a uniform tensile stress of-4¢ Jf'c acting on an effective ‘

stress area defined by projecting a 45 degree plane from the bearing édges of the shear lug or base plate to the free surface.
The bearing area of the shéar lug oc plate edge shall be excluded from the projected area ~Fhis-streagth-sheltbereduced
bradfactorof0:85-The ¢ factac shall be taken a< 0.85.

B.11.3-Shear strength of embedments with embedded base plates

Foc embedments having a base plate whese coatact surface is below the surface of the concrete, shear streapth shall be
calculated using the shear-friction provisions of 11.7 of-this-code(as modified by this section), using the following shear- - l
friction coefficients: . - ;

Base plate without shear lugs - 09
Base plate with shear lugs that is designed to remain elastic 14

The tension anchor steel area required to resist external loads shall be added to the tension anchoc steel area required due
to shear friction.

B.12-Grouted embedments
B.12.1-Grouted embedments shall meet the applicable requirements of this chapter.

B.12.2-For general grouting purposes the material requirements for cement grout shall be in accordance with
Chapter 3-0£this-cede. The use of special grouts, containing epoxy or other binding media, or those used to achieve |
properties such as high strength, low shrinkage or expansion, or carly streagth gain, shall be qualified for use by

the engineer and specified in contract documents. ) B

B.12.3 Groutad embedments shall be testad to verify embedment strength. Grouted embedmeats installed 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-Grouted embedments shall be tested for the installed condition by testing randomly selected grouted

embedments to 2 minimum of 100%parcent 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 arte
available to demonstrate that the grouted embedment will function as designed or if the load transfer through the
grout is by direct bearing or compression. -
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Appendix B Commentary - Anchoring to Concrete

ACI 349 Appendix B was developed in the mid 1970s following review of design methods and available test data.
Since that time there has been extensive additional 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 example, for bolt groups, and edge
conditions) by the new prediction equations in the Concrete Capacity Design Method than by the current 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 and B.2 describe the background
and show comparisons of this method against the methods specified in ACI 349-97 Appendtx 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 Refecence B.7. Comparisons between
the methods are shown in RB.13. These comparisons show the following key differences in the requirements:

«  The concrete breakout strength increases with embedment depth. In Appendix B (ACI 349-97) the increase
was proportional to the square of the embedment depth. 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
embedmeat depth; the Concrete Capacity Design Method is more conservative for increased embedment depth.

« ‘The concrete breakout strength is affected by the spacing to adjaceat anchors and edges. The Concrete
Capacity Design Method assumes no interaction when the spacing of adjacent anchors is three times the
embedment depth, whereas Appendix B (ACI 349-97) assumed two times the embedment depth. The Concrete
Capacity Design Method assumes no interaction when the anchors are installed with edge distance greater
than 1.5 times the embedment depth, while Appendix B (ACI 349-97) assumed 1.0 times the embedment
depth.

RB.0- Notation

A, = the effective stress area, A,. , may be different in tension and shear. Reductions in cross section due
to threading or an éxpansion mechanism affect the teasion area but may not affect the effective shear
area. The effective cross-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
bolts, ANSVASME B1.1%* defines A,. as:

2
T 09743
A = (da_ % )

0

where n, is the number of threads per in.

en = eccentricity of normal focce on a group of anchoxs; the distanice between the resultant tension load on a
group of anchors in tension and the centroid of the areas of the group of anchocs loaded in tension, in. [See
Fig.RB.5.2(b and ¢)]

hy = effective embedment depths for a variety of anchor types are shown in Fig. RB.1.

K = confinement factoc (RB.11)

RB.1 - Definitions
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Britile steel element and Ductile steel element — The 14% clongation shall be measuced over the gage length
specified in the appropriate ASTM standard for the steel, )

iatt - 8 £ —n—5 percent fractile —The dctermination of the coefficient K
aseaciated with the § peroent fractile, 3 _-Ko. depends on the number of tests, 0, used to compute T.and o.

Values of X range, for example, from 1.645 for n = <o, t0 2.010 for n =40, and 2.568 for n = 10.

RB.2 - Scopé

RB.2.1 - ACI 349 uses the term embedments to cover a broad scope that includes anchors, embedded plates, shear
lugs, grouted embedments, and specialty insects. It covers the same séope as was included in the 1997 code.

RB.23 - Typical cast-in headed studs and hcadeé bolts with geonlctrics consistent with ANSI/ASME B1.1B*
B18.2.12° and B18.2.6% 1% have been tested and have proven to behave predictably, so calculated pullout values

are acceptable. Post-installed anchors do not have predictable pullout capacities, and therefore are required to be
tested. ‘ -

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

RB.3 — General requirements

RB.3.1 ~ When the streagth of an anchor group is governed by breakage of the concrete, the behavior is brittle and

there is limited redistribution of the forces between the highly stressed and less siressed anchors. In this case, the
theory of clasticity is required tochautd be used assuming the attachment that distributes loads to the anchors is

sufficiently stiff. The forces in the anchors are considered to be proportional to the external load and its distance . . D¢

from the nevitral axis of the anchor group.

If anchor strength is governed by ductile yielding of the anchor steel, significant redistribution of anchor forces can
occur. In this case, an analysis assuing-hased on the theory of elasticity willbe conservative. Refecences B.11 to
B.13 discuss nonlinear analysis, using the theory of plasticity for the determination of the capacities of ductile
anchor groups. ‘ - " e

RB.3.3 - Many anchors in a nuclear power plant must perform as designed with high confidence, even when
exposed to significant seismicIcads. To prevent unqualified anchors being used in connections which must
pecform 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 pecformed consistent with the
provisioas of this Appeadix and should be reviewed by a professional engineer expesienced in anchor technology.
Typical simulated seismic-testing methods are described in Refecence B.7. Fot a post-installed anchor to be used
in conjunction with the requirements of this Appendix, the results of tests have to indicate that pullout failures
exhibit an acceptable load-displacement characteristic ot that pullout failures ‘are’preciuded by another failure
mode. ACI 345 requires that all post-installed anchors be qualified, by independent tests, for use in cracked

concrete.  Anchors qualified for use only in uncracked concrete are not recommended in nuclear powet plant
structures. .

The design of the anchors for impactive or impulsive loads is 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 ‘d’c.si gn of anchors in heavy
weight concrete should be based on testing for the specific heavy weight concrete.
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RB.3.5 — A limited number of tests of cast-in and post-installed anchoxs in high-strength coacrete *' indicate that
the design procedures contained in this Appendix over predict stren gth, particularly for cast-in anchors, atf. >
10,000 psi. Until further tests are available, an upper limit of f'. = 10,000 psi has beenwas imposed in the design
of cast-in anchors. This is consistent with Chapters 11 and 12. Some post-installed anchors may have difficulty
expanding in high-strength concrete. Because of this, f' is limited to 8000 psi in the design of post-installed

anchors, unless testing 18 performed.

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 ACT 349, by encouraging anchor designs to have 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 dudtile design provides
greater margin than a nonductile design because it permits redistribution of load to adjacent anchors and can
reduce the maximum dynamic load by energy absorption and reduction in stiffness. For such cases, the design
strength is the nominal strength of the steel multiplied by a stren gth reduction factor of 0.90.

The specified ultimate tensile strength of the embedment should be determined based on those portions of the
embedment that transmit tension or shear Ioads into the concrete. The ultimate shear strength of the steel is taken
as 65 Fpercent of the ultimate tensile strength. It is not necessary to develop an embedmeat for full axial tension
and full shear if it can be demonstrated that the embedment will be subjected to one type of loading (such as
tension, shear or flexure). An embedment need not be developed for tension or shear if the lcad is less than 20
Shpercent of the full tension or shear capacity. This value of 20 Sopercent is consistent with the value of 20
zpercent used in the equation in B.7.

An embedment may be considered subject to flexure only when the axial teasion loads on the embedment are less
than 20 Spereent of the nominal strength in tension. :

RB.3.6.2 — A ductile design can also be achieved by designing the attachment to yield before failure of the anchors.

In such a case, the anchors can be nonductile so long as they are stronger than the yield strength of the
attachment. This is established with a margin equivalent to that in B.3.6.1. B.3.6.2 is based on attachment yield
streagth, f,, whereas B.3.6.1 uses f, because attachments are typically of A36 material and the strength is better
characterized by the yield strength. The 0.75 factor allows 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 343
included specific provisions for commercially available, nonductile expansion anchors that were penalized by
specifying a lower strength reduction factor. The curreat Appendix B includes more general provisions for
anchors for which a ductile-failure mode cannot be achieved. Such situations can occur foc anchers in shallow
siabs, close to edzes or close to other anchors. The factor of 0.60 is specified to account for the lower marging
inherent in a nonductile design relative to those in a ductile design.

RB.3.8 — Ductile steel elements are defined in B.1 to have a minimum elongation of 14%pescent in 2 in. This
requirement is meant to cosure sufficient ductility in the embedment steel. The limit of 145%percent is based on
ASTM A325%5 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 load path) may fail in the reduced section before sufficient inelastic
deformation has occurred to allow redistribution of anchor tension and shear forces, thus exhibiting low ductility.
This can be prevented by requirement (a) which ensures that yicld of the unreduced section will occur before
failure of the reduced section. Shear failure can be affected significantiy by reduced sections within 5 diameters of
the shear plane (many wedge type anchers). 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, steel strength, and diameters have
shown that threaded anchors will exhibit sufficient ductility to redistribute teasion and shear forces.

349-189



Draft 10/01/00
RB.3.10 - The design provisions for impulsive and impactive loads in Appendix C may be used for embedmeats.
Energy can be absorbed by deformation of anchors designed for ductile steel failure.

RB.4 - General requlrements for strength of structural anchors

RB.4.1'~ This section provides the requirements for cstabushmg the saength of anchors 0 omcrmc The various
types of steel and concrete failure modes for anchors are shown in Figs. RB.4.1.(2) and RB. 4.1.(b). Comprchcnswc
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
headed bolts, headed studs, and post-installed anchors, the concrete breakout design method of B.5.2 and B.6.2 is
acceptable. The anchor strength is also dependent on the puIIout strength of B.5.3, the mdc—facc blowout strength
of B.5.4, and the minimum spacing and edge distances of B.8. The design of an\,ho-'s for teasion rcoos'uzvs that
the strength of anchors is sensitive to appropnatc installation; installation reqmrcmcnts are included in B 0.

Test proccdurcs can also be used to determine the single anchor breakout stren gthi in tension and in shear. Thc test
results, however, are required to be evaluated on a basis statistically equivalent to that used to select the values for .
the concrete breakout mcthod 00051dcred to satisfy provisions of B.4.2. Thc nommal strcngth cannot be taken

fractile.

RB.4.2 and 4.3 - B.4.2 and B.4.3 establish the performance factors for which anchor design models are rcqu'u"cd

to be verified. Many possible design approaches exist and the user is always pcrmmed to design by test using B.4.2
as lon g as suﬁicxcnt data are available to verify the model.

RB.4.2.1 - The addition of supplementary reinforcement in Lhc du'ccuon of the load, conﬁmng reinforcement, or
both, can greatly cn‘hancc the streagth and ductility of the anchor connection. Such enhancement is practical with
cast-in anchors such as thoscused in precast sectiods. .

1

The shear strength of headed anchors located near the edge of a member can be sxgmﬁmntly increased with
appropriate supplementary reinforcement. References B.17 t0 B.19 provide information on designing such
reinforcement. The effect of supplcmcntary 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.

For anchors exceeding the iimitaﬂons of D.4.2.2, for situations where geometric restrictions limit brcaicout
capacity, or both, reinforcement proportioned Lo resist the total load, oriented in the direction of joad, within the

breakout prism and fully anchored on both sides of the brcaLout plancs. may be provxdcd instead of calculating
breakout capacity. .

The breakout strength of an unreinforced connection can be taken as an indication'of the Ioad at which sigoificant
cracking will occur. Such cracking can represent a serviceability problem if not controllcd (seeRB.6.2.1).

RB.4.2.2 — The method for concrete breakout design included as considered to satmfyB 4.2 was developed from
the Concrete Capacity Design (CCD) Mcthod, JEE which was an adaptation of the ¥ Method, 32%®2! and is
considered to be accurate, relatively easy to 2pply, and cnpablc of extension to irregular layouts. The CCD Method
predicts the load-bearing capacity of an anchor oz group of anchors by using a basic equation for teasion or - for )
shear for a single anchor in cracked concrete, and mulu plying by factors that account for the number of anchors,

edge distance, spacing, eccentricity, and absence of cracking. The limitations on anchor size and embedment
depth are based on the range of test data.
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The breakout strength calculations are based on a model suggested in the X Method. It is consisteat with a
breakout prism angle of approximately 35 degrees [Fig. RB.4.2 (a) and (b)].

RB.4.4 — The  factors for steel 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 use of higher ¢ factors applied to ;. The
smaller & factors for shear than for tension do not reflect basic material differences but rather account for the
nossibility of_a non-uniform distribution of shear in connections with multple anchors. It is acceptable to have a
ductile failure of a stecl element in the attachment if the attachment is designed so that it will vodergo ductile
vielding at a load level no greater than 75 percent of the minimum desivn strenuth of an ancher (See B.3.6.2).
The ¢ factor is-lower-than-for-a-duetile steel-failure-for anchors governed by the more brittle concrete breakout or
blowout failure is lower than _for 2 ductile steel failure. Even though the ¢ factor for plain concrete uses a value of
0.65, the basic factor for brittle failures (¢ = 0.75) has been chosen based on the results of probabilistic studies. >
For anchoring to concrete, the use of ¢ = 0.65 with mean values of concrete-controlled failures produced adequate
safety levels. The nominal resistance expressions, however, used in this Appendix and in the test requirements are
bascd on the 5 Spercent fractiles, Thus, the ¢ = 0.65 value would be overly conservative. Comparison with other
design procedures and probabilistic studies B3 indicated that the choice of ¢ = 0.75 was justified.

RB.4.5 - Bearlng strength

RB.4.5.1 ~ B.4.5.1 prohibits the engineer from combining shear strength of bearing (for example, a shear lu g) and
shear friction (such as shear studs) mechanisms. This exclusion is justified in that it is difficult to predict the
distribution of shear resistance as a result of differential stiffness of the two mechanisms. This exclusion is required
because of the displacemeant incompatibility of these two independent and nonconcurrent mechanisms. Tests show
that the relatively smaller displacements associated with the bearing mode preclude developmeat 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 with other concurrent external loads acting across poteatial shear planes can
result in a significant 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 1.3 f'. is recommended based on the tests
described in Reference B.22 rather than the general provisions of 10.15. The factor of 0.70.corresponds to that
used for bearing on concrete in Chapter 9,

RB.5 — Design requlrements for tensile loading

RB.5.12 — The nominal tension streagth of anchers is best represented by A, f.r rather than A, f; since typical
anchor matedals do not exhibit a well-defined yicld point. The Amexican Institute cf Steel Construction (AISC)
has based tension strength of anchors on A, ., since the 1986 edition of their specifications. The use of Eq. B-3
with the load factors 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 1.9f, on f,, is to ensure that under secvice load conditions the anchor does not exceed f,. The limit
on £, of 1.9f, was detzrmined 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 limit of £,/f, of 1.55/0.8 = 1.94. For consistent results the serviceability limitation of fr was taken as
1.9f,. If the ratio of f,,to fy exceeds this value, the anchoring may be subjected to service loads above f;. Although
not a concern for standard structural steel anchors (maximum value of f./f; is 1.6 for ASTM A307), the Iimitation
is applicable to some stainless steels.

RB.5.2 — Concrete breakout strength of anchor In tension

RB.5.2.1 — The effects of multiple anchors, spacing of anchors, and edge distance on the nominal concrete
breakout strength in teasion ars included by applying the modification factors Ay / Ax. and \; in Eq. B-4.
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Fig. RB.5.1 (a) shows Ay, and the development of Bq. (B-5). Ay, is the maximum projected area for a single

anchor. Fig. RB.5.1 (b) shows examples of the projected areas for various single-anchor and multiple-anchor
arrangements. Because Ay is the total projected area for a group of anchors, and Ay, is the area for a smglc
anchor, there is no need to include n, the number of anchors, in Eq. (B-4a) or (B-4b). If anchor groups are”
positioned in such a way 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 B3> B2 aoquming a concrete failure prism
with an angle of about 35 degrees and considering fracture mechanics concepts.

The valdes of k Were determined from a large database of test results in uncracked concrete ®* ags the S Sepercent
fractile. The values were adjusted to corresponding k values for crackcd concrete.* P For anchors with a deep

embedment depth (b, > 11 in.) some test evidence indicates using h,f can be ovcrly conscrvahvc in some m.scs

Often, such tests have been performed with selected aggrepates for special apphcauarxs An alternative cxprmcsxon
(Eq. B-0b) is provided using hs for evaluation of cast-in anchors with 11 in. < h < 25 in. The limit of 25 in.

corresponds to the upper range of test data. This expression can also be appropriate for some undercut post-
installed anchors. B.4.2, however, should be used with test results to Justify such apphamons

RB.5.2.3 — For anchors mflucnced by three or more edges where : any cdgc dxstancc is less than 1 S h.y, the tensile
breakout strength computed by the ordinary CCD Method, which is the basis for Eq (B-6), ngcs mxslcadmg
results. This occurs because the ordmaty definitions of Ay/Ay, do not oorrecﬂy reflect the edge effects. If the value
of b is limited to Cu/1.5, wWhere Cou is the largest of the mﬂueucmg edge distances that are less than or equal to
the actual 1.5h,y, this problem is corrected. As shown byLutz ,>2° this Jimiting value of b is to be used in Eq.B-
5, B-6, B-7, and B-8. This approach is best understood when applied to an actual case. Fig. RB.5.2 (a) shows how
the failure surface has the same area for any embedment depth beyond the proposed limit on b, (taken ash’. in the
figure). In this example, the propesed limit on the valus of b p= /1.5 tobe used in the computanons results in
he=h'¢=4in/1.5=2.67 in. This would be the proper value to be used for b, m compuung the resistance, for
this example, even if the actual embedmeat depth is larger.

t
A}

RB.5.2.4 ~Fig. RB.5.2 (b) shows dimension ey =¢y fora group of anchors thatis in tcnsxon but that bas a
resultant force eccentric with respect to the centroid of the anchor group. Groups of anchors can bcloadcd in such

a way that only some of the anchors are in teasion [Fig. RB.5.2(S)]. In this case, oaly ‘the anchors in teasion are o

be considered in determining ¢}, . The anchor Ioading has to be determined as the resultant anchor teasion at an
ccocntncxty with respect to the center of gravity of the anchors in teasion. Eq. B-7 is limited to cases whcrc
s/ 2 'to alert the designer that all anchors maynot t be in teasion.

RB.5.2.5 - If anchors are located close to an edge so that there is not enough space for a complete breakout prism
to develop, the load-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,,, 2 complete prism can form and there i 1s no reduction (¥, = 1).
If the side cover is less than 1.5 b, the factor, ¥,, is required to adjust for the edge effect.

RB.5.2.6 — The analyses for crackmg should consider all specified load combinations using unfactored loads,
including the effects of restrained shrinkage.

_RB:52F—Anchors that bcrfoml well in a crack that is 0.012 in. wide are coasidered suitable for use in cracked

concrete. If wider cracks are expected, ‘confining rcmforocmcnt to control the crack width to about 0.012 in.
should be provided.
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RB.5.2.9 — In the future, there are expected to be more expansicn and undercut anchecs that are to be calculated
with the k-value for headed studs. Tests with one special undercut anchor bave shown that this is possible.

RB.5.3 — Pullout strength of anchor in tenston

RB.5.3.3 — The puilout strength in tension of headed studs or headed bolts can be increased by providing confining
reinforcement, such as closely spaced spirals, throughout the head region. This increase can be demonstrated by
tests.

RB.5.3.4 - Eq. B-10(a) corresponds to the load at which the concrete under the anchor head begins to crush.> 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 connection and generally will be the beginaing of a pullout failure,

RB.5.4 — Concrete side-face blowout strength of anchor In tension

The dcsigrlz requirements for side-face blowout are based on the recommendations of Reference B.26. Side-face
blowout may control whea 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
closest to the edge. The side face blowout of the group is conservatively calculated using the strength of the

anchors closest to the edge.

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 represeated by A, f for welded-headed stud anchors and
0.6A,f« for other anchors rather than a function of A, since typical anchor materials do not exhibit a well-
defined yield point. “Fhe-Ameriean-Institute-of Steeh-Coustee tea-fAISCHasbe he-pominal-chea
MM&MJ“MM%MMMWmc use
of Bqs. B-13 and B-14 with the load factors of Section 9.2 and the & factors of B.4.4 gives results consistent with
the AISC Load and Resistance Factor Design Specifications. .

The limitation of 1.9f; on f, is to easure that under service load conditions the anchor does not exceed J. The limit
on £, of 1.9f, was determined by converting the LRED provisions to corresponding service level conditions as
discussed in RB.5.1.2.

RB.6.1.3 — The shear strength of a grouted base plate is based oa limited testing. It is recommended that the height
of the grout pad 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 connection. For as- rolled base plates
installed against hardened concrete, the cocfficiznt of fnction is approximately 04051

If the frictional strength is larger than the applied shear load, the base plate will not slip. When the frictional
strength is less 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 absences of loads should satisfy Section
9.2.3. Compressive resultants due to secondary loads should not be considered.
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RB.62 — Concrete breakout strength of anchor inshear

RB.6.2.1 — The shear-strength equations wete 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 {he concrete member on nominal concrete

breakout strength in shear are included by applying the reduction factor Av/Ay, and s in Eq. (B-16). For anchors
far 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 (2) shows Ay, and the development of Eq. (B-17). ‘Aw 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 Ayis the total projected area for a group of anchors, and Ay, is the area
for a single anchor, there is no need to include the fumber of anchors in the equation.

H

The assumption shown in Fig. RB.6.2 (b) with the case for two anchors pecpendicular 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 elerments, B.3.1
specifies that load effects be determined by elastic analysis. It has been suggested in the PCI Design Handbook
approach ®?" that the increased capadity of the anchors away from the edge be considered. Because thisisa
reasonable approach, assuming that the anchors are spaced far enough apart so that the shear failure surfaces do
not intersect,™* B.6.2 allows such a procedure. If the failure surfaces do not intecsect, as would generally occur if
the anchor spacing, s, is equal to or greatet than -1.5¢,, then after formation of the near-edge failure surface, the |
higher capacity of the farther anchor would resist most of the load. As shown in the bottom example inFig.
RB.62 (b), 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 load 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 force with components normal to each edge, a
satisfactory solution is to independently-check independently the connection for cach 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, are treated in Reference B.18.

The detailed provisions of B.6.2.1 (a) apply to the case of shear force directed towards an edge. When the shear
force is directed away from the edge, the strength will usually be governed by B.6.1 o2 B.63.

The case of shear force parallel to an edge [B.6.2.1 (9)} is shown in Fig. RB.6.2 (©). A special case can arise with
shear force parallel to the edge near a cormer. Take the example of a single anchor near a comet [Fig. RB.6.2(d)].
If the edge distance to the side ¢z is 40 Sopercent or more of the distance ¢,in the direction of the load, the shear

strength parallel to that edge can be computed directly from Eq'fB-IG using C,in the direction of the load.

RB.6.2.2 — Like the concrete breakout tensile capacity, (he concrete breakout shear strength does not increase with
the failure surface, which is proportional to cf _ Instead, the strength increases proportionally to c}j , due to the
size effect. The capacity is also influenced by the anchor stiffness and the anchor diameter. B.LB2,B1& B

4

The oonét;mt 7 in the shear strength equation was determined from test data reported in Reference B.lasthes
Sopereent fractile adjusted for cracking. 4 )
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RB.6.2.3 — For the special case of cast-in headed bolts rigidly welded to an attachment, test data B2£.329 show that
somewhat higher shear capacity exists, possibly due to the stiff welding coonection clamping the bolt more
effectively than an attachment with an anchor gap. Because of this, the basic shear value for such anchors is
increased. Limits are imposed to easure sufficient rigidity. The design of supplementary reinforcement is
discussed in References B.17 to B.19.

RB.6.2.4 — For anchors influenced by three or more edges where any edge distance is less than 15¢;, the shear

breakout strength computed by the basic CCD Method, which is the basis for Eq. B-18, gives safe but misleading
results. These special cases were studied for the x Method B2l 51 d the problem was pointed out by Lutz. 3
Similar to the approach used for tensile breakouts in B.5.2.3, a correct evaluation of the capacity is determined if
the value of c; in Eqs. B-18, B-19, B-20, and B-21 is limited to h/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 first be resolved as a
shear in the plane of the concrete surface, with a moment that can or cannot also cause teasion in the aachors,

depending on the normal force. Fig. RB.6.2 (¢) defines the term ¢, for calculating the ¥'s modification factor that
accounts for the fact that more shear is applied on one anchor than the other, teading to split the concrete near an
edge. If e, > s/2, the CCD procedure is not applicable.

RB.6.2.7 — Torque-controlled and displacement-controlled expansion anchors are permitted in cracked concrete
under pure shear loads.

RB.6.3 — Concrete 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 resistance with the lower value appropriats for heeless than 2.5 in.

RB.7 — Interaction of tensile and shear forces

The shear-tension interaction expression has traditionaily been expressed as:

() {5 =2

where ot varies from 1 to 2.

The current tri-linear recommendation is a simplification of the expression where &= 53 (Fig. RB.7). Thelimits
were chosen to eliminate the requirement for computation of interaction effects where very small values of the
second force are present. Any other interaction expression that is verified by test data, however, can be used under
B.4.3.

RB.8 — Required edge distances, spacings, and thicknesses to preclude splifting failure

The minimum spacings, edge distances, and thicknesses are very depeadent on 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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anchors should be the product-specific tests. “In some cases, however, specific products are not known in the design
tage. Approximate values are provided for use in design.

RB.8.2 - In the absence of product-specific test information, at the design stage the minimum center-to-center spacing foc
post-installed anchocs may be taken as 6d, .

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 requirements to
increase the side-face blowout strength. )

RB.8.4 - In the absence of ﬁroduct-s‘pcciﬁc test information, at the desiga stage the minimum edge distance may be taken
asnot less than:

Undercut anchors - ) 64,
Tocque-controlled expansion anchocs 8d,
Deformation-controlled expansion anchors 104, ~

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

Headed anchocs close to an edge are permitted to be tocqued to 60 Spercent of the design strength.

RB.8.4 - Drilling holes for post-installed anchors can cause microcracking. The requirement for a minimum edge
distance 2 times the maximum aggregate size is to minimize the effects of such microcracking.

RB.11 — Shear capacity of embedded plates' and shear Iugs N

RB.11.1 -~ Shear lugs

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 loads on the embedmeat, and that the
strength is increased due to the confinement afforded by the teasion anchors in combination with external loads.
The shear strength of the embedment is the sum of the bearing strength and the strength due to confinement.

The tests 2lso revealed twe distinct response modes:

1. A bearing mode characterized by shear resistance from direct bearing of shear lugs and inset faceplate edges

3

on concrete or grout augmented by shear resistance from ‘confinement effects associated with tension anchors
and external concurrent axial loads, and ' :

9. A shear-friction mode such as defined in 11.7 of the &ode.

The embedments first respond in the bearing mode and then progress into the shear-friction mode subsequeat to

formation of final 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 defined in B4.5. For multiple lugs, the shear
strength should not exceed the shear strength between ‘shear lugs as défined by a shear plane between the shear

lugs as shown in Fig. RB.11-1 and a shear stress limited to 10(;)-\/;: with ¢ equal 00.85.

349-26



. Draft 10/01/00
The anchorage shear strength due to confinement can be taken as ¢K{N, - P, with ¢equalto 0.85, where N, is
the strength of the tension anchors in accordance with B.5.1 and P, is the factored external axial load cn the
anchorage. (P, is positive for tension and negative for compression.). This considers the effect of the teasion
anchors and external loads acting across the initial shear fracture planes (see Fig. RB.11-1). Whea P, is negative,
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:

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

K. = 1.8 for anchorage with a single shear lug 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 th_'c .

These values of confinement factor, X, are based on the analysis of test data. The different X, values for plates
with and without shear lugs primarily reflect the difference in initial shear-fracture location with respect 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 tension anchor steel area required to resist applied moments
can 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 lug.

For inset base plates, the area of the base plats edge in contact with the concrete can be used as an additional shear-
lug-bearing area providing displacement compatibility with shear lugs can be demonstrated. This requirement can
be satisfied by designing the shear lug to remain elastic under factored design loads with a displacement (shear
plus flexure) less than 0.01 in.

For cases such as in grouted installations where the bottom 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 extension of the initial shear fracture plane (formed by the shear 1ugs) beyond the
perimeter of the base plate, that could diminish the effective bearing area.

Multiple shear lugs should be proportioned by considering relative shear stiffness. When multiple shear lugs are
used near an edge, the effective stress area for the concrete design shear strength should be evaluated for the
embedmeat shear at each shear lug. - T

RB.113 — Shear strength of embedments with embedded base plates

The coefficient of 1.4 for embedments with shear lugs reflects concrete-to-concrete fricticn afforded by
confinement of concrete between the shear lug(s) and the base plate (postbearing mode behavior). This value
corresponds to the friction coefficient of 1.4 recommended in 11.7 of the code for concrete-to-concrete friction and
is confirmed by tests discussed in Reference B.22.

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

The following sections provide comparisons of the capacities of anchors in accordance with the Concrets Capacity
Design Method (included in this edition of ACI 349) against those calculated in accordance with the previous
provision of ACI 349 Appendix B (ACI 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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- a headed stud. This is increased by ¥y = 1.25 for the stren gth of uncracked concrete. The ACI 349-97 strength
dependent on the head diameter and is shown for head diameters of the stud equal to 10%percent and
1056percent of the embedment depth. - .

Fable RB.13-1 shows values from Fig. RB.13-1 for embedment depths of 4, 8, and 12 in. The table aiso shows the
tesign strengths. For the CCD method, the cracked and uncracked breakout strengths are multiplied by the
strength reduction factor of 0.85 for cases where the potential concrete failure surfaces are crossed by
;upplementary reinforcement. The factor of 0.85 is also specified in ACI 349, paragraph B.44.1, when
jetermining if an anchor is ductile. For ACI 349-97, design strengths are shown for strength reduction factors of
2.65 and 0.85 based on the 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 concluded that the exponent of 2 was unconsevative. An exponeat 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 about 5 in. than the CCD method. ACL.
349-97 becomes progressively less conservative thari ‘the CCD method as the embedment depth increases.

RB.13.2 — Concrete breakout strength of a single expansion anchor In tension

The concrete breakout strength of a single expansion anchor in‘igt'xsiogi:m uncracked concrete is about 20%pereent ‘
lower than that of a headed stud (k ¥'3 =17 x 1.4 =24 versus 24 x 1.25 = 30). In ACI349-97, the difference was

sbout 10%percent since the strength of headed studs included the diameter of the head. Test data show alarger

———ilt

teduction in strength for expansion anchors than for headed studs in cracked concrete.

The concrets breakout streagth should be verified by the qualification tests for post-installed anchors. Undercut
anchors generally perform better than other expansion anchors and may have the same concrete breakout streagth
as headed studs in both uncracked and cracked concrete.

RB.13.3 — Concrete breakout strength of an anchor gx:o'up ’

The breakout strength calculations in the CCD method are based ou a breakout prism angle of 35 degrees instead
of the 45 degree cone in ACT 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/A,.). For the CCD method, the streagth is affected when'the spacing is less than thres times the
embedment depth; for ACI 349-97, the strength is affected when the spacing is less than twice the embedment
depth plus head radius. The CCD méthod redaces the strength by a maximum of about 30 Fpercent.

RB.13.4 - Concrete 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 hc’:adcd‘sgud close to an edge to that of a single
headed stud away from the edge (¥2 A/As) as 2 function of the edge distance. This calculation uses the projected
area of the 35 degree prism for the CCD method and of a 45 degree cone for ACI 349-97. The CCD method bas
an additional reduction factor, ¥z , to adjust for the edge effect. Both methods require a separate evaluation for side
blow out for small edge distances. Fig. RB.13-3 also shows similar ratios for the anchor close to a cornes with
edge distance, Cpin, t0 LwO €dges. ' .-

RB.13.5 - Concrete breakout strength of an anchor group in tension close to an edge
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ig. RB.13-4 shows the ratio of the concrete breakout streagth of a group of four headed studs close to an edge to
hat of the same anchor group away from the edge as a function of the edge distance, Cmi. Theratio is influenced
1y the spacing of the anchors 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 -
xith edge distance, Cpun 0 WO edges.
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(Concrete Strength = 4000 psi)

TABLE RB.13-1
CONCRE'I'E BREAKOUT STRENGTH OF A SINGLE HEADED STUD

Draft

10/01/00

CONCRETE BREAKOUT NOMINAL STRENGTH (¢ = 1.0) (Kips)

Embedment Depth 349 — xx 349-97
Cracked Uncracked d.,=0.1h,
X = 24/16* K=24/16*
y; =10 Yy =125
47 121 15.2 14.0
8" 343 42.9 56.0
12" 63.6* 80.0* E 125.9
CONCRETE BREAKOUT DESIGN STRENGTH (Kips)
Bmbedment Depth 349 — xx 349-97
6=0.85 $=0.85 $=0.65 4=0.85
47 10.3 12.9 9.1 11.9
8" 29.2 36.5 36.4 47.6
127 54.1* 67.6* 81.8 107.0

The strength for embedment depths of 4”7 and 8" is mlculatcd using equation B-7a; the strength for the
embedment depth of 127 is calculated using equation B-7o.
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METRIC VERSIONM
B.0 Change units as follows: in. shall be mm; in.? shall be 11m’; psi shall be MPa; 1b shall be N.
B.1 Change 2 in. to 50 mm.
B3.5 Change 10,000 psi to 70 MPa and change 8000 psi to 55 MPa.
B.422  Change2in.to S0 mm and change 25 in. to 625 mm.
B.5.1.2  Change 125,000 psi to 860 MPa.
B.522  Changek=24tok=10, changek=17tok= 7, change k = 16 to k = 6.7, change 11 in. to 280 mm,
and change 25 in. to 635 mm.
B.5.4.1  InEquation B-11, change 160 to 13.3.
B.6.12  Change 125,000 psi to 860 MPa.
B.622  InEquation B-18a, change 7 to 0.6.
B.62.3  Change 3/8 in. to 10 mm.
B.623  InEquation B-18b, change 8 to 0.66.
B.6277  Change #4 to#13 and 4 in. to 100 mm.
B.63.1  Change2.5 in. to 65 mm.
B.8.5 Change 4 in. to 100 mm.
RB.522 Change 11 in. to 280 mm, change 25 in. to 635 mm.
RB.5.23 Change4 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.5.2(a) Change 4 in. to 100 mm; change 8 in. to 200 mm; change 2.67 in. to 67 mm.
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Figure RAI 2-14-1 Near source tsunami runup for post-1943 tsunamigenic earthquakes.

Group A (Tmax) shows regional maximum tsunami runup. Group B (Tslide) is the maximum runup height of local
waves caused by known or inferred submarine landslides Group C (Tpeak) indicates local runup height of uncertain
origin for events in which Tpeak is at least 1.5 times Tmax. Least mean squares trendlines are shown for Tmax and
Tslide (excluding event 10). See Tables 1 and 2 in Attachment 1 for data sources.
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Member Tor - volcanic rock, zeolitized and silicified tuff

Note: Surveyed elevation of the HML borings are somewhat
different than the mapped contours.
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Figure RAI 2-17-1
Map of Patton Cove Landslide
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through Boring PC-1
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Quaternary deposits, upper landslide (1997)

Quaternary deposits, lower landslide (1970)

Artificial fill (engineered)

Pleistocene colluvial fan; locally contains basal marine -
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DCPP ISFSI - Inclinometer PC01

Cumadative Displacements

Axis A
Cumulative Displacements Since 04-Jan-11 (in}
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line recording the recent movements (less than 0.04 inches) is at

e scale for the
the bottom. The variations are typical for single readings. The dated lines are the

accumulated displacements to the date indicated and are discussed in the text.

Note: The

Figure RAI 2-17-4

Inclinometer Diagram for Boring PC-1, January 2001 to September 2002
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Cumulative Displacement since 1 January 02 (inches)
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Note: The corrected section line coincides with the uncorrected line.

Figure RAI 2-17-5
Section View Showing the Maximum Displacement in the Inclinometer with
Azimuth Correction for Boring PC-1, January 2001 to September 2002
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CASK TRANSPORTER COMPONENTS
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FIGURE RAI §-11-2

CASK TRANSPORTER CARRYING A HI-TRAC TRANSFER CASK
(HORIZONTAL LIFT RIG NOT SHOWN)
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FIGURE 5-11-4

CONCEPTUAL DETAILS OF THE CASK TRANSPORTER STRAP AND BUMPER SYSTEM
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