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CycloaliphaUc Amine Epoxy 

Highly chemical resistant epoxy mastic coahng with 
exceptionally versatle uses In all Industrial markets.  
Self-priming and suitable for application over most 
existing coatings, and tightly adherent to rust 
Carboguard 890 serves as stand-alone system for a 
variety of chemical environments. Carboguard 890 
Is also designed for various Immersion conditions

Excellent chemical resistance 
Surface tolerant characteristics 
Conventional and low-temperature versions 
Self-priming and primerfinish capabilities 
Very good abrasion resistance 
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 time. (Epoxies lose gloss, discolor and chalk In 
sunlight exposure.) 

Gloss 

Self-priming May be applied over Inorganic zinc 
pnmers and other tightly adhenng coatings A mist 
coat may be required to minimize bubbling over 
Inorganic zinc primers Do not apply over 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. Epoxies. Polyurethanes 

4.0-6.0 mils (100-150 microns) per coat 
6.0-8.0 mils (150-200 microns) over light rust and for 
uniform gloss over Inorganic zincs 
Don't exceed 10 mils (254 microns) in a single coat.  
Excessive film thickness over inorganic zincs may 
Increase damage during shipping or erection.

By Volume (890)" 
(890LT)

75% ±2% 
80% ±2%

890: 1203 Mil ft2 (30 0 m2/l at25 microns) 
241 ft1 at 5 mils (6.0 m2,l at 125 microns) 

890LT. 1283 rTI ft2 (31.0 rn2/ at25 microns) 
257 ft at 5 mils (6.3 m /1 at 125 microns) 

Allow for loss In mixing and application 

890 890 LT 
As supplied 1.7ibs/gai (214 g/l) 1 5ibs/gal (1 80g/I) 
Thinned wt#2* 7ozigal-2 Olbs/gal 15o7Jgal=2.Clbs/gal 

(250DA) (250gil) 
13oz/gal=2.2lbstgal 
(271g/l) 

Thinned wl#33* 7oz/gal=2 0cbs/gat 14oz/gal=2 0 lbs/gal 
(250g/) (2500) 
16oz/gal=2.3lbs/gal 160z/gal=2.1lbs/gal 
(285gll) (2-55gA) 

*Use Thinner 76 up to 8 oz/gal for 890 and 16 oz/gal 
for 890 LT where non-photochemically reactive 
solvents are required.  

Continuous, 250=F (121-C) 
Non-Continuous" 300°F (1490C) 
Discoloration and loss of gloss Is observed above 
200°F (93-C)
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General 

Steel 

Galvanized 
Steel 

Concrete 

CMU

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 
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 50% 
relative humidity or equivalent. Prepare surfaces in 
accordance with ASTM D4258 Surface Cleaning of 
Concrete and ASTM D4259 Abrading Concrete Volds In 
concrete may require surfacing Pnme with Carboguard, 
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

Drywall & Joint compound and plaster should be fully cured prior to 
Piaster coating application. Prime with Carbocrylic 120 or 

Carboguard 1340.

Previously 
Painted 
Surfaces

Ughtly 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 I Report # 1 
ASTM 04541 Blasted Steel 1933 psi 03220 

Adhesion 2 cis 890 (Elcometer) 
ASTM D3359 Blasted Steel 5A 02730 

Adhesion 1 cL 890 

ASTM D4060 Blasted Steel 85 mg loss after 1000 
Abrasion i ci Epoxy Pr cycles, CS17 wheel. 1000 02411 

1 cL 890 gin. load 
No effect on plane, rust In 

ASTM B117 Blasted Steel scribe. 1116' undercutting 02594 
Salt Fog 2 cts 890 at scribe after 2000 hours 

Blasted Steel No effect on plane, no rust 
ASFM B117 1 cL IOZ In scribe and no L40

Salt Fog 1 cL 890 undercutting after 42,45.95 
4000 hours 

ASTM D1735 Blasted Steel No blistering, rusting or 

Water Fog I ci Epoxy Pr. delamination after 2800 08564 
1 ci 890 hours 

ASTM D3363 Blasted Steel Greater than 8H 02775 
Pencil Hardness 2 cts 890 

ASTM D2486 Blasted Steel - 93% gloss retained after 
Scrub 1 cL 890 10,000 cycles wI liquid 03142 

Resistance scrub medium 
Teat reports and additional data available upon written request

June 2002 replaces July 2001 0986/0983

To the best of our knowledge the technical data contained herein Is true and accurate on the dat eof pubalcatian and Is subject to change wilthout prior notice User must contact Carbon.ne, Company to 
verify correctness before specfyieg or ordering No guarantee of accuracy is given cr implied We guaranlee our products to conforrn to Carbo'ine qua••iy control We assume no responsibiitiy for 

coverage performance or Iniuries resulting from use IfabltiyIf awn, Is Imlited to replacement ofproducts NO OTHER WARRANTY OR GUARANTEE OF ANY K.N. IS MADE BY CAR.OLINE, 

EXPRESS OR IMPUED. STATUTORY. BYOPERATION OF LAW. OR OTHERWISE, INCLUDING MERCHANTABILITY ANO FITNESS FOR A PARTICULAR PURPOSE. carboalnefli end CarboguardM 
are registered trademarks of Carbolene Company. - - - -
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Carboguard 890 & 890 LT

Usted below are generai equipment guidelines for the application of this producL 
Job site conditions may require modifications to these guidelines to achieve the 
desired results.  
General Guidelines, 
Spray Application This Is a high solids coating end may require 
(General) adjustments In spray techniques. Wet film thickness Is 

easily and quickly achieved. The following spray 
equipment has been found suitable and Is avaiable 
from manufacturers such as Binks, DeVilbiss and 
Graco 

Conventional Pressure pot equipped with dual regulators, 31B' I D 
Spray minimum material hose, .070" I D. fluid tip and 

eppropniate air cap 

Airless Spray Pump Ratio: 30:1 (min.) 
GPM Output: 3 0 (min.) 
Material Hose, 3/8" I.D. (min.) 
Tip Size: .017m-.021' 
Output PSI. 2100-2300 
Filter Size: 60 mesh 
Teflon packings are recommended and available from 
the pump manufacturer.  

Brush & Roller Multiple coats may be required to obtain desired 
(General) appearance, recommended dry film thickness and 

adequate hiding. Avoid excessive re-brushing or re
iling For best results, tle-in within 10 minutes at 751F 

(24-C).  
Brush Use a medium bristle brush.  

Roller Use a short-nap synthetic roller cover with phenolic core.  

Powern m T inn eaatliencminnngowrmx
Mixing

Ratio 

Thinning* 

Pot Life

Power mix separately, then combine and power mix.  
DO NOT MIX PARTIAL KITS 

890 and 890 LT 1:1 Ratio (A to B) 

Spray: Up to 13 oz/gal (10%) W1 #2 
Brush. Up to 16 ozsgal (12%) w/ #33 
Roller Up to 16 oz/gal (12%) w/ #33 
#33 can be used for spray In hot/windy conditions. Use 
of thinners other than those supplied or recommended 
by Carbollne may adversely effect product performance 
and void product warranty, whether expressed or 
implied.  
*See VOC values for thinning limits 

890 3 Hours at 75*F (240C) 
890 LT 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

[o,] &. S afit,-m--.
Use #2 Thinner or Acetone. In case of spillage, absorb 
and dispose of In accordance with local applicable 
regulations.  

Read and follow all caution statements on ths product 
data sheet and on the MSDS for this produc' Employ 
normal workmanlike safety precautions Hypersensitive 
persons should wear protective clothing, gloves and use 
protective cream on face, hands and all exposed areas 

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

-application until-the coating Is cured The ventlation 
system should be capable of preventing the solven! 
vapor concentration from reaching the lower explosion 
limit for the solvents used. User should test and monitor 
exposure levels to Insure all personnel are below 
guidelines. If not sure or If not able to moni'or levels.  
use MSHAINIOSH approved supplied air respirator

Caution This product contains flammable solvents Keep away 
from sparks and open flames. All electrical equipment 
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

8gO 
Condition Material Surface Ambient Humidity 

Normal 60"-85°F 60"-85°F 60"-90"F (1fl'-29-C) (16"-29-C) (16"-32"C) 

Minimum 60*F 50°F 50°F 0% 
(10-C) (10-C) (10oC) 

Maximum 125'F 110F 80% (32"C) (52-C) (43-C) 

890 LT 
60-85°F 60-85°F 60-90"F 

Normal 685F 685F "C 1G-80% (16-29"C) (16-290C) (16-32C) 1 

Minimum 401F 35OF 35'F 0% 
(4-C) (2*C) (2°C) 

Maximum 90"F 125F 1D"F 80% (32"C} 52C (43°C) 

This proouct simply r tie substrate temperature to above the dew 
polnL Condensation due to substrate temperatures below the dew point can 
cause flash rusting on prepared steel and Interfere with proper adhesion to the 
substrate. Special application techniques may be required above or below 
normal application conditions 

890 (Based on 4-8 mils, 100-200 microns dry film thickness) 

Surface Temp. & Dry to Dry to Topcoat w/ Final Cure 
50% Relative Recoat Other Finishes F 

Humidity 

50°F (10°C} 12 Hours 24 Hours 3 Days 
601 F (16-C) 8 Hours 16 Hours 2 Days 
75°F (24-C) 4 Hours 8 Hours 1IDa 

0-F (32-C) 2 Hours 4 Hours 
b90 LT I based on 5 mils, 125 microns dry film thickness I 

Surface Dry to 
Temp & Dry to Dry to Recoat & 

50% Relative Touch Handle Topcoatw/ Final Cure 
Humidity Others 

35°F (2-C) 5 ours 18 Hours 20 Hours 7 Days 

40-F (4°C) 45 Hours 15 5 Hours rs 5 says 

50-F (10UC) 3 5Hours 6 5 Hours 12 Hours 3 Days 
60"F (16°C) 2 Hours 5 Hours 8 Hours 2 Days 
75=F (24-C) 1.SHours 2 Hours 4 Hours 24 Hours 
90*F (32"C) 1 Hour 1 5 Hours 2 Hours 16 Hours 

Higer if r thiess, insufficient ventilation or cooler temperatsres wilJ require 
longer cure times and could result In solvent entrapment and premature failure.  
Excessive humidity or condensation on the surface during curing can Interfere 
with the cure, can cause discoloration end may result In a 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 increasing Maximum recoatltopcoat times are 30 days for 
epoxies and 90 days for polyurethanes at 751F (241C). If the maximum recoat 
times have been exceeded, the surface must be abraded by sweep blasting or 
sanding prior to the application of additional coats 890 LT applied below 50"F 
(10°C) may temporarily soften as temperatures rise to 601F (16°C). This Is a 
normal condition and will not effect performance 
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Shipping Weight 
(Approximate) 

Flash Point (Setaflash) 

Storage Temperature 
& Humidity 

Shelf Life

2 Gallon Kit 10 Gallon Kit 
29 bis (13 kg) 145 lbs (66 kg) 

89°F (321C) for Part A; 890 & 890 LT 
73*F (23°C) for Part 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 (241C) 

1.1r -rb ohfw• 
3W0Hanrley ledushilelr SeI Lotds.16O 63144-1559 
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and non-sparking shoesI 
June 2002 replaces July 2001 
To tIhe best or our knowledge the technical data contained herein Is true and accurate on the date of pubtication and Is subject to change without prior notice User must contact Carboline Company to 
verify correctness before s$ecl•ilng or ordenng No guarantee ot accuracy Is given or implied We guarantee our products to conforam to Carsoine qualit control. We assurme no responstilbllty for 
caverie• performance or Iniuies resulno from use Uabtilty It a, Is limited to replacement of proucts NO OTHER WARRANTY OR GUARANTEE UF ANY KIND IS MADE BY CARBOULINE.  
EXPRES OR iMPLUED. STATUTORY. 5YOPERATION OF LAW, C31 OTHERWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Carbotnes and Carboguardl 
are registered trademarks of Cartioltne Company.
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Carbozinc 11 carole
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Generic Type 

Description 

Features 

CZ 11 FG 

Color 

Finish 

Primers 

Topcoats 

Dry Film 
Thickness 

Solids Content 

Zinc Content 
In dry film 

Theoretical 
Coverage Rate

Solvent Based Inorganic Zinc 

Time-tested corrosion resistant primer that protects 
steel cslvanically in the harshest environments For 
over 35 years, Carbozmnc 11 (CZ 11) has been the 
industry standard for high-performance Inorganic zinc 
protection on steel sbtuctures worldwide 

"* CZ 11 meets Class B slip co-efficient and creep 
testing cnteria for use on faying surfaces with 73# 
zinc dust ilter.  

"* Rapid cure Dry to handle In 45 minutes at 60°F 
(16"C) and 50% relative humidity.  

* Low temperature cure down to 0°F (-18'C).  
* High zinc loading 
* Meets FDA requirements in gray color.  
* Available In ASTM D520. Type II zinc version 
* Very good resistance to salting.  
* May be applied with standard airless or conventional 

spray equipment 
* VOC compliant in certain areas 
* Lower zinc loading for economics.  

* VOC compliant 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 
Silicones 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%

CZ 11 FG 
74%: .2%

By Weight- 85% = 2% 79% +2% 

CZ 11:1000 mil ft"(22 8 m/
2 

at 25 microns) 
333 It at 3 0 mils (B 2 m21I at 75 microns) 
CZ 11FG. 850 mil ft?(194 m1 2 at 25 microns) 
283 ft'at 3 0 mils (7.0 m ll at 75 microns) 
Allow for loss in mixing and applicabon

VOC Values EPA Method 24 4 0 lbs.gal (479 g/l) 
Carbozinc 11 Thinned For use In fabrication shops only to remain in 

VOC compliance in accordance with EPA Standards 
7 oz/gal wl #21 4 1 Ibs /gal (492 g/i) 
5 ozigal wI #26 4 1 lbsJgal (492 g/i) 
5 az/gal wl #33 4 1 lbsJgal (492 g/l) 

These are nominal values 

VOC Values EPA Method 24: 4 3 lbs /gal (515 g/l) 
Carbozlac 11 FG Thinned 

7 ozlgal wI #21: 4 5 IbsJgal (539 gIl) 
5 oz/gal wI #26. 4 5 lbs /gal ( 539 gAI) 
5 oz/gal w/ #33- 4.5 lbs/gal ( 539 g/l) 

These are nominal values 

Dry Temp. Unlopcoated" 
Resistance Continuous: 750"F (399"C) 

Non-Continuous 800-F (427-C) 
With recommended silicone topcoats* 
Continuous 1000F (538•C) 
Non-Continuous: 1200F (649*C)

I Subt e & u Prepaa -i o

General 

Steel

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

Non-Immersion SSPC-SP6 end obtain a 1.D-3 0 
mit (25-75 micron) angular blast profile

CZ 11 

Test Method System T Results I Report # 1 
ASTM D4541 I tC 11500 psi 30 1T ctiSZ 11i03306 

Adhesion Pneumatic 
ASTM A-325 Blasted steel 0 668, 

Sp Co-efficient 1 ct CZ, 11 meets requirements for 02722 
Class B rating 

I st. CZ 11 at No rusting or blistering, 
ASTM B117 2 mile dry film cracking or delamnation 

ASMB1 2iady'im atter 43000 hrs 5R 408 
Salt Spray thickness over ate s of the 

blasted steel Moderate salting of the 
surface only 

ASTM D3363 
Pencil Hardness 1 cl. CZ 11 Pencil Hardness 2H 03278 

No blistenng or rusting of 
coating or rusting of bare 

AASHTO M300 1 ct. CZ 11 steel area after 650 hirs 
Bullet Hole over Abrasive Immersion in 5% sodium 02514 
Immersion blasted steel chloride solution, 1 5 

Paragraph 4 6 9 round bare area In 

coating.  

i'est reports and ad itional data availaba upon written request

May 2001 replaces November 1999 0250 

To the best of our knowledge the technical data contained herein Is true and accurate on the date of publication and Is subject to change wlthout prior nobtce. User must contact Carboline Company tc 
venry correctness before speofyng or ordering No guarantee of accuracy is given or Impiied We guarantee our products to conform to Carbolne ouabty control We assume no responsibity for 

coe prom ncoriukries resulbnf from use Liabdiiryi n i iiei1 edcmn or pmducisý. NO OTHER WARRANTY OR GUARANTEE OF ANY KIND IS MADE BY CARBOUNE.  
e EX gRst ORIMP LIED•S• ATUTORY, BoEERAF ION OF LAW , O _ 01THERWISE. INCLUDING MERCHANTABILIT YAND FITNESS- FORA A PART UL P URO . C ofine and Caiboznci _ 

are registered trademarks of Carbolhne Company



Carbozin& 11

Listed below ame general equipment guidelines for the application of this product.  
Job site conditons may require modificallon to these guiddmes to achieve the desired results 
General Guidelines: 
Spray Application The following spray equipment has been found suitable 
(General) and is available from manufacturers such as Bmnks 

DeVibtss and Graco Keep material under mild 
agitation dunng application. If spraying stops far more 
than 10 minutes, recirculate the material remaining 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" I D. minimum material hose, with a maximum 

length of 50, 070" I.D. fluid tp and appropnate air cap 

Airless Spray Pump Ratio 30 1 (min) 
GPM Output. 3 0 (mi.) 
Material Hose 3/8" I.D (min) 
"Tip Size .019-.023" 
Output PSI 1500-2000 
Filter Size 60 mesh 
Teflon packings are recommended and available from 
the pump manufacturer.  

Brush For touch-up of areas less than one square foot only.  
Use medium tinstle brush and avoid rebrushing 

Roller Not recommended 

Miin &SThinning
Power mix base, then combine and power mix as 
follows Pour zinc filler very slowly into premixed base 
with continuous agitation. Mix until free of lumps. Pour 
mixture through a 30 mesh screen. DO NOT MIX 
PARTIAL KITS.

Cleanup

Ventilatlo 

Caution

CZ 11 
I Gal Kit 

Par A: .75 gal 
Zinc Filler 14 6 lbs

5 Gallon Kit 
3 75 gallons 
73 Ibs

CZ 11 FG 
4 6 Gallon Kit 
3 75 gallons 
50 lbs

May be thinned up to 5 oz/gal (4%) with #26 for ambient 
and warm surfaces For extremely warm or windy 
conditions, may be thinned up to 5 oz/gal (4%) wlth #33 
In cool weather (below 60F (16'C)), thin up to 7 ozlgal 
(6%) with #21 Use of thinners other than those supplied 
or recommended by Carboline may adversely affect 
product performance and void product warranty.  
whether expressed or Implied 

B Hours at 757 (24"C) and less at higher temperatures 
Pot life ends when coating becomes too viscous to use

-Cenu S afety--

Use #21 Thinner or Isopropyl Alcohol. In case of 
spillage, absorb and dispose of In accordance with local 
applicable regulations 

Read and follow all caution statements on this product 
data sheet and on the MSDS for this productL Employ 
normal workmanlike safety precautions Hypersensitive 
persons should wear protective clothing, gloves and use 
protective cream on face, hands and all exposed areas 

n When used as a tank lining or In enclosed areas.  
Ihorough air circulation must be used during and after 
application until the coating Is cured The ventilation 

. .. ysfei -ih6uldc--e-pabFe 6f-prev0Fe -ti the .solvent 
vapor concentration from reaching the lower explosion 
limit for the solvents used In addition to ensuring proper 
ventilation, appropriate respirators must be used by all 
application personnel.  

This product contains flammable solvents Keep away 
from sparks and open flames All electrical equipment 
and instanations 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

Condition Material Surface Ambient Humidity 

Normal 40"95"F 40"-110F 40°-95"F 40-60% 
-(4.35°C) (4-43-C) (4-35C) I 

Minimum 0"F O"F O"F 30% Minimum (-18"C) (-18°C) (-1BC) 

Maximum 130-F 200*F 130"F 95% im(54-C) (93"C) 5°Cý 

ti~;s p~ro duc t in•Jp y req uires m bove tme d ee 
point. Condensation due to substrate temperatures below the dew point can 
cause flash rusting on prepared steel and interfere with proper adhesion to the 
substrate Special application techniques may be required above or below 
normal application conditions.  

Surface Temp. & Dry to Handle Dry to 
50% Relative Topcoat/Recoat 

Humidity 

O0F (-18-C) 4 Hours 7 Days 
40°F (4"C) 1 Hour 48 Hours 
60°F (16"C) 3'. Hour 24 Hours 
0F (27"C) . Hour 18 Hours 

100°F (38"C) 1,% Hour 16 Hours 
t a o 30-4 ail (75-100 micron) dry film thickness 

Higher film thickness, insufficient ventilation or cooler temperatures will require 
longer cure times end could result In solvent entrapment and premature failure 
Humidity levels below 50% will require longer cure times. 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 Also, loose zinc must 
be removed from the cured film by rubbing with fiberglass screen wire if" 1) The 
Carbozinc 11 is to be used without a topcoat in immersion service and "zinc pick 
up" could be detrimental, or 2) When 'dry spray/overspray" is evident on the 
cured film and a topcoat will be applied. For accelerated curing gr where the 
relative humidity Is below 40%. allow an initial 2-hour ambient cure Follow 2 
hoor 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 "21-T" pencil hardness 
per ASTM D3363.  

1I M .TIT l M -. [ I S.

CZ 11 Shipping Weight 
(Approximate) 

CZ11 FG 
Shipping Weight 
(Approximate) 

Flash Point (Setaflash) 

Storage (General) 

Storage Temperature 
& Humidity 

Shelf Life

1 Gallon Kit 5 Gallon Kit 
23 lbs (10 kg) 113 Ibs (51 kg) 

4 6 Gallon Kit 
104 lbs. (47 kg) 

Part A: 55"F (13°C) 

Zinc Filler: NA 

Store Indoors.  

40° -100°F (4-3B°C).  
0-90% Relative Humidity 

Part A" 12 months at 75"F (24"C) 

Zinc Filler 24 months at 75"F (24"C) 

350 Hantey Indeslat Court St. Lais, MO 63144-1599 
314-644-1100 314-5444617 1al 
www carboline corn 

ST N Group naHn4UR

May 2001 replaces November 1999 
To the best of our knowledge the technical data contained herein Is true and accurate on the date of publication and is subject to change without prior notice User must contact Carborine Company to 
verify c•rrectness before speofing or ordering No guarantee of accuracy Is given or Implied. We guarantee our products to conform to Carboline quality control. We assume no responsiblity for 
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Seeto & Specifiction0Dat

Generic Type 

Description 

Features 

Color 

Finish 

Primers

Solvent Based Inorganic Zinc 

Ultra-low VOC member of the Carbozinc family with 
extraordinary performance charactenstics 
Carbozinc 11 HS combines unparalleled 
performance properties with a 2.4 lbs/gallon 
(unthinned) and 2.7 lbs/gallon (thinned) formulation 
that meets even the most stnngent VOC restrictions.  

" Meets Class B slip co-efficient and creep testing 
critena for use on faying surfaces 

"* Rapid cure. Dry to handle in 1 hour at 75°F 
(24"C) and 50% relative humidity 

"* Low temperature cure down to 15°F (-9"C) 
"* High zinc loading 
"* Available in ASTM D520, Type It zinc version 
"* Very good resistance to salting 
"* May be applied with standard airless or 

conventional spray equipment 
"* May be used as a weldable pre-construction 

pnmer where VOC regulations prohibit 
traditional coatings. Exhibits long term 
corrosion resistance dunng pre-construction is 
required along with full recoatability and 
weldability 

"* VOC compliant to current AIM regulations 
Green (0300) 

Flat 

Self Pnming

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

Dry Film 2.0-3 0 mils (50-75 microns) Dry film thickness in 
Thickness excess of 6.0 mils (150 microns) per coat is not 

recommended When used as a weldable pre
construction primer, the recommended dft is 0 75
1.25 mis (19-31 microns) 

Solids Content By Weight 91% .2% 

Zinc Content By Weight 84% ± 2% In dry film 

Theoretical 1203 mil ft
2 (30 0 m

2
/0 at 25 microns) 

Coverage Rate 401 ft? at 3.0 mils (10 0 r 2
/I at 75 microns) 

Allow for loss in mixing and application 

VOC Values EPA Method 24 2.4 lbsJgal (288 g/l) 
Thinned.  
8.33 ozlgal w/ #26 2.7 Ibs Igal (322 g/I) 
(6 oz/.72 gal. kit or 30 oz/3 6 gal kit) 
15.28 oz/gal w/ #26 2 9 lbsJgal (359 g/l) 
(11 oz-.72 gal kit or 55 oz/3.6 gal kit) 
These are nominal values 

Thinned (As pre-construction pnmer) 
38.4 oz/gal w/ #26 3 6 lbsJgal (435 gnI) 
27.65 ozl 72 gallon kit or 138.25 oz/3.6 gallon kit 

Dry Temp. Untopcoated 
Resistance Continuous 750F (399°C) 

Non-Continuous: 800F (427"C) 
With recommended silicone topcoats

Conbnuous 1000F (538-C) 
Non-Continuous. 1200F (649"C)

ub r s & Sur.fa Prpa-to - - --0 - a

General 

Steel

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 mils (25-75 micron)

Pefrac Data I 

Test Method System Results Report 

ASTM D3363 
Pencil 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 

Blasted steel No blistenng or rusting 
AASHTO M0300 Ict. CZ11HS of coating or any bare 02934 

steel areas.  
No rusting or blistenng; 

ASTM B1l17 Blasted Steel slight rust in scribe, no SR 380 
Salt Spray 1 ct CZ11HS creepage at scnbe after 

e 70,000 hon r Test reports and additional data available upon written request.
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Carbozinc®11 HS

Listed below are general equipment guidelines for the application of this product. Job sie 
conhdbons may require modifications to these guidelines to achieve the desired results.  
General Guidelines: 
Spray Application The following spray equipment has been found suitable 
(General) and Is available from manufacturers such as Binks.  

DeVilbiss and Graco Keep material under mild 
agitation during application If spraying slops for more 
than 10 minutes, recirculate the material remaining in 
the spray fine Do not leave mixed primer in the hoses 
during work stoppages.

Agitated pressure pot equipped with dual regulators, 
3/8" I.D. minimum matenal hose. with a maximum 
length of 50'9 .070" .D fluid tip and appropriate air cap 

Pump Ratio: 30:1 (min.) 
GPM Output: 3 0 (min.) 
Material Hose 318" 1.D (mm) 
Tip Size- .017-.021" 
Output PSI- 2100-2500 
Filter Size 60 mesh 
Teflon packings are recommended and available from 
the pump manufacturer.  

For touch-up of areas less than one square foot only 

Use medium bristle brush and avoid rebrushing 

Not recommended

Power mix base, then combine and power mix as 
follows Pour zinc filler very slowly into premixed base 
with continuous agitation Mix until 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 wVll not cure 
without the use of the Activator as defined below

.72 Gal Kit 
Part A: I gal. (short filled) 
Activator 6.4 ft. oz 
Zinc Filter: 14 6 lbs

3 6 Gal Kit 
5 gals. (short filled) 
32 fi oz.  
73 Ibs

Normally not required but may be thinned up to 11 oz 
per .72 gal kit or 55 oz per 3 6 gal let with #26 Use of 
thinners other than those supplied by Carboline may 
adversely affect product performance and void product 
warranty, whether expressed or Implied 

For use as a weldable zinc pnmer to achieve a 
recommended OFT of 0 75-1.25 mils, thin this product 
30% with Thinner #26 

8 Hours at 75"F (24°C) and less at higher temperatures 
Pot life ends when coatng becomes too viscous to use.

-lla u S aey- - -

Use #21 Thinner or Isopropyl Alcohol. In case of 
spillage, absorb and dispose of in accordance with local 
applicable regulations.  

Read and follow an caution statements on this product 
data sheet and on the MSDS for this product Employ 
normal workmanlike safety precautions Hypersensitive 
persons should wear protective clothing, gloves and use 
protective cream on face, hands and all exposed areas 

When used in enclosed areas, thorough air circulation 
--- must -be-used during -and after epplication until the 

coating Is cured The ventilation system should be 
capable of preventing the solvent vapor concentration 
from reaching the lower explosion limit for the solvents 
used. In addition to ensuring proper ventilation, 
appropriate respirators must be used by all application 
personnel.  

This product contains flammable solvents Keep away 
from sparks and open flames All electrical equipment 
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.

Condition Material Surface Ambient Humidity 

Normal 60o-85OF 40*-95°F 40'-95'F 
(16-29-C) (4ý-35"C) (4"-35-C) 

Minimum 15°F 15*F 15'F 30% 
(-9°C) (-91C) (-9PC) 

Maximum 95°F 150'F 120°F 95% (35C) V68C) 1 49"*C) 
this product simply RI he substate temperature to be above the dew 
point Condensation due to substrate temperatures below the dew point can 
cause flash rusting on prepared steel and interfere with proper adhesion to the 
substrate. Special application techniques may be required above or below 
normal application conditions.  

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

15*F (-g*C) 16 Hours 7 Days 
40F (4"C) 4 Hours 72 Hours 

60°F (16°C) 2 Hours 36 Hours 
75"F (24-C) 1 Hour 18 Hours 
10"F (32"C) Y Hour 14 Hours 

ri(se times are eased on a a u m. i7ti micron) OY' fi1M tickness tigher 1im0 
thickness, insufficient ventilation or cooler temperatures will require longer cure 
times and could result in solvent entrapment and premature failure. Humidity 
levels below 50% will require longer cure times. 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. Also, 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 gr where the relative humidity Is below 40%, 
allow an initial 2-hour ambient cure followed by misting with water or steam to 
keep the coaled surface wet for a minimum of 8 hours and until the coated 
surface achieves a "2-" pencil hardness per ASTM D3363.  

1: ,i =., I , i ,

Shipping Weight 
(Approximate) 

Flash Point (Setaflash) 

Storage (General) 

Storage Temperature 
& Humidity 

Shelf Life

.72 Gallon Kit 
22 lbs (10 kg)

3 6 Gallon Kit 
103 lbs (47 kg)

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

Store Indoors.  

40" -100-F (4-38 "-) 
0-90% Relative Humidity 

Carbozmic 11 HS:12 months at 75°F (24*C) 
HS Activator: 24 months at 75*F (240C) 
Zinc Filler 24 months at 75F (24°C) 

3S0HanleylindistnalCoun St LoUts, MO 63144-1599 
314-644-1000 314-644-4617 (lax) wew carboine corn 

S0iirciujl
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Conventional 
Spray 

Airless Spray 

Brush 

Roller

Miin &0hnnn

Mixing

Ratio

Thinning

Pot Life

Cleanup 

Safety 

Ventilation 

Caution



(carboline,
rWa-"W m m• 

THERMALINE 450

SELECTION DATA 

GENERIC TYPE: A glass flake filled. phenolic modified, 
hwine cured epoxy novalac.  

GENERAL PROPERTIES: A dense cross4-inked polymer which exhibits outstanding barrier protection against a variety of chemical exposures. Excellent resistance to wetidry cycling conditions at elevated temperatures.  Designed to coat the exterior of insulated piping. It is also suitable for coating non-insulated piping and equipment exposed to chemical attack. The glass flakes help provide excellent abrasion resistance, permeation 
resistance and internal reinforcement.  

"* Temperature resistance to 450'F 
"* Excellent abrasion resistance 
"* Excellent overall chemical resistance "* Excellent thermal shock resistance 

RECOMMENDED USES: Typtcally used as a one coat system to 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 a chemical plant environment.  
TA TYPICAL CKEMICAL RESISTANCE:

Exposure 
Acids 
Alkalies 
Solvents 
Salt 
Water

Excellent 
Excellent 
Excellent 
Excellent 
Excellent

Fume 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent

TEMPERATURE RESISTANCE (Under insulation): 
Continuous: 425°F (218°CI 
Excursions to: 4500F (2320C) 

At 200'F (93'C) coating discoloration may be ob
served without loss of film integrity.  

SUBSTRATES: Apply over properly prepared steel.  

COMPATIBLE COATINGS: Normally applied directly to substrate. May be applied over epoxies and phenolics 
as recommended. May be topcoated with epoxies, 
polyurethanes or other finish coats as recommended 

July 96 Replaces September 95

SPECIFICATION DATA 

THEORETICAL SOLIDS CONTENT OF MIXED 
MATERIAL:

THERMALINE 450
B0 VDIum12 70 ±2:k -

VOLATILE ORGANIC CONTiN (vOCI: 
The following are nominal values: 
As suppmbed: 2.13 lbs./gal. (255 gm./liter).

Fruld 

213 13

Pounds! 
29M

RECOMMENDED DRY FILM THICKNESS: 
6-10 mils (200-250 microns) to be achieved in 1 or 2 
coats.  

THEORETICAL COVERAGE PER MIXED GALLON:' 
1,117 mil sq. It. (27.9 sq.mA1 at 25 microns) 
139 sq. ft at 8 mils (3.5 sq. m1 at 200 microns) 
111 sq. ft at 10 mils (2.8 sq m/1 at 250 microns) 

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

STORAGE CONDITIONS: Store indoors.  
Temperature: 40-110OF (4-430C) Humidity- 0.90% 

SHELF LIFE: 24 months when stored indoors at 75'F 
(24"C1 

COLOR: Red (05001 and Gray (5742) 

GLOSS: Low (Epoxies lose gloss, discolor and eventu.  
ally chalk in sunhght exposure.) 

ORDERING INFORMATION 

Prices may be obtained from your Carboline Sales 
Representative or Carbolne Customer Service Depart
ment.  

APPROXIMATE SHIPPING WEIGHT:

Gramsl 

307

THERMAUNE 450 12 Ib,. 15.5 kg)

Thinner 213 3.4 lbs. (3.8 kg) 41 tbs. 118.6 kgr

FLASH POINT: (Setaflash) THERMALINE 450 Part A: 53F I 121Q "THERMALINE 450 Part B: >200"F (>930 C) Thinner 213 220F ( -6.Co 

). .-- a ,,rty C . "foe a g.o CitywV o-,ww -fi e 1 ' 0 mamt i p9 V "mah . We IUWW "i r a ý'au P e.,il,., I.Cb ......  
ghea k w e &Aysci I s1ui4.n, NO Om THE WA A Ty O ft GUAN tA AT[ OF ANY KIND 19 M AD E By C• , ao U N E. EXPR ESS O ft IM PI.IEO . S 1A T 0O S .  BYO~LAio~iOFLA=O OThis NWil MEW UATAJ1 AND PiTNESS FDfi A PMnC".M PLmPOSE

I
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I 
I
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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 Surface 
Cleaner 3 (refer to Surface Cleaner 3 instructions) in 
accordance with SSPC-SP 1.  

STEEL: 

Not kwsulatad: Abrasive blast to a Commercial Finish 
in accordance with SSPC-SP 6 and obtain a 2-3 mil 
(50-75 micron) blast profile.  

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

MIXING: Power mix each component separately, then 
combine and power mix in the following proportions.  

Allow 30 nlnute Induction time at 750F 124"C) prior 
to us*.

THERMALINE 450 Part A: 
THERMALINE 450 Part B:

0.8 gals.  
0.2 gals.

5 Gall Kt 
4.0 gals.  
1.0 gals.

THINNING: May be thinnred up to 13 oz/gal with 
Thinner 213.  

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

POT LIFE: Three hours at 75"F (249C) and less at 
higher temperatures. Pot life ends when coating loses 
body and begins to sag.

APPLICATION CONDITIONS: 

Normal 55-85F 65-95*F 
11 8-29'C) I118-29"C) 

Mnimum 55'F I13"C) 50'F 0D0C) 
Mazirnum 90F 132"C) 110"F (43-C)

&mk.!rnt Hurrildiy 
65-85F 30-80% 

11 8-29-Cl 
5OF (10"C) 0% 
100'F (381C) 85%

Do not apply when the surface temperature is less 
than 51F or 31C above the dew point.  

Special thinning and application techniques may be 
required above or below normal conditions.  

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

Conventional: Pressure pot equipped with dual regula
tors, 112" I.D. minimum material hose, .110" i.D. fluid 
tip and appropriate air cap.  

July 95 Replaces September 95

Aldass: 
Pump Ratio: 
GPM Output: 
Material Hose: 
Tip Size: 
Output ps/:

30:1 (man)' 
3.0 (min) 
1/2" I.D. (min) 
.035'-.041.  
2200-250O

'Teflon packings are recommended and are avaj~able 
from the pump manufacturer.  

IRUSH: For striping of welds, touch-up of small areas 
only. Use a 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 solveni 
entrapment and premature failure.

Surf ire 'T.moratre 
50*F (1"lCI 

1F 1166c) 
76"F 124"C) 
90`F 32"C)

Dryl To Hifoico 

1I hours 
12 hours 
6 hours 
3 hours

Dry lip Tocapal 
48 hours 
32 hours 
16 hours 
8 hours

21 days 
14 days 
7 days 
4 days

If the final cure time has been exceeded, the surface 
must be abraded by sweep blasting prior to 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 alter 
application until the coating is cured. The ventilation 
system should be capable of preventing the solveni 
vapor concentration from reaching the lower explosion 
limit for the solvents used. In addition to insuring 
proper ventilation, fresh air respirators or fresh air 
hoods must be used by all application personnel 
Where flammable solvents exist, explosion-proof 
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 MATERLAL SAFETY DATA SHEET FOR THIS 
PRODUCT.

CAUTION: C • LA£AuAma. rv.1ENTS. KEEP AWAY FROM SPARKS AND OPEN ILAMES. WORKMEN IN CW-ED AREAS hUSI W•,A rAKIN AIRL, RI.SMAOAS H-lTRIaITVLE P.RhOW D40uD WEAR CLOVES OR U1. PROTECTMiw acA.. AIL. ELECtW.AL EOUIPMENT AND 041AL.ATIW 34OULD WE MADE IN A=0O1DAN[ WI"I IN[ NATIO, AL ELCTI.ICA1 C C•O . IN AREAS ~ Mf E EMO.. HAZARDS IST, WO ORCU II4 .. D Ku ROtURE 10 W NIO WEO uS TOOLS AND 10 WEAR COCJJCIIV[ AIC 
MONFAIK4,N r.0
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M' ,ENGINEERING CALCULATION 
•~1 -•COVER SHEET 

ENERCON SERVICES, INC.  

CALCULATION NO. PGE-009-CALC-001 REVISION NO. 3 

PURPOSE OF CALCULATION: 

Design the components of an anchorage system for the Holtec HI-Storm 1 OOSA used fuel storage casks that 

will be used at the Diablo Canyon Nuclear Power Plant.

SCOPE OF REVISION: 

Revision updates the revision numbers of 2 Holtec documents.  

REVISION IMPACT ON RESULTS: 

No impact.

Z SAFETY RELATED [] NON-SAFETY RELATED 

[ PRELIMINARY CALCULATION [ FINAL 

APPROVALS (PrY Name and Sign) 

ORIGINATOR S. C. Tumminelli Date 12/14/01 

REVIEWER Date 

VERIFICATION ENGINEER K. L. Whitmore *. --_.. Date 12114/01 

APPROVER R. F. Evers Date 12/14/01 

)THER REVIEWER Date



SHEET 2 OF 27 

ENGINEERING CALCULATION 
REVISION STATUS SHEET 

ENERCON SERVICES, INC.  

CALCULATION NO. PGE-009-CALC-001 

ENGINEERING CALCULATION REVISION SUMMARY 

REVISION NO. DATE DESCRIPTION 

0 3/28/01 Initial issue.  

1 6/27/01 Upgraded from a sizing calculation to a final design 
calculation. Added more detail and addressed 
reviewers comments. Revised version of Appendix B 

used and revision of Holtec report for design input 
loads. Calculation revised in its entirety. No revision 
bars shown. Added appendices DOC-1 and DOC-2.  

2 11/21/01 Made minor grammar and punctuation corrections.  
Revision reflects conformance to alternate criteria 
specified by the ACI 349-97 code for A36, that is more 
appropriate for this material. Incorporated latest 

3 revision of the Holtec cask report.  
12/14/01 Revised references 4.1.3 and 4.1.4 to latest rev. no.  

Change is not substantive. Corrected typos this page.  

CALCULATION SHEET REVISION STATUS 

SHEET NO. REVISION NO. SHEET NO. REVISION NO.  

All sheets upgraded to 1 3,11 3 
Revision 1 

3-6, 9 and 11 2 
20-27 2 

APPENDIX AND ATTACHMENT REVISION STATUS 

APPENDIX NO. REVISION NO. ATTACHMENT NO. REVISION NO.  

DOC-1 I N/A N/A 

DOC-2
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JOB. NO. PGE-009 DATE December 14, 2001 

F •PROJECT DCPP ISFSI 

SUBJECT Embedment Support Structure 

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

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

CALCULATION NO. PGE-009-CALC-001 REVISION 3 

REVIEW SUMMARY SHEET 

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

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.



ENERCON SERVICES, INC.  

1.0 PROBLEM STATEME

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 

NT

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

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

The anchorage system is to provide the following: 

* a level surface for the cask to sit upon.  
* sixteen (16) receptacles for (16) - 2 inch diameter anchorage studs.  
* strength to deliver applied cask loads due to external events to the concrete pad.  

2.0 INPUT REQUIREMENTS 

2.1 Assumptions

None 

2.2 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 
requirements (See Ref. 4.1.4, pg A-5).

516 Grade 70, per Holtec

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

The spring rate of the round anchor bars is 1.898e6 lb./in. (Ref. 4.1.4, Table 1, pg. 23 and sheet 
A-8).  

Applied loads 

Loads from Holtec report HI-2012618, (Ref. 4.1.4) are as follows (These loads are from analyses 
for the Hosgri and Long Term Seismic Program seismic events):

SHEET 4 OF 27
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SJOB. NO. PGE-009 DATE November 21, 2001 

PROJECT DCPP ISFSI 
SUBJECT Embedment Support Structure 
CLIENT PG&E-DCPP ORIGINATOR S. C. Tumminelli 

EREVIEWER K. L Whitmore APPROVED R.F. Evers ENERCON SERVICES, INC.  
CALCULATION NO. PGE-009-CALC-001 REVISION 2 

"* 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.  

"* 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) 

3.0 METHODOLOGY 

The detailed descriptions and calculations below will demonstrate the following: 

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

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

The main components of the anchorage system will be comprised of a circular steel'Embedment 
Support Plate, sixteen (16) ,Couplers 'used't6 anchoi" theHoltec suppliedr2 inch Cask Anchor 
Studs, and sixteen (16) Round Bars (including anchor plates) used to anchor the Couplers. These 
cormponents will be embedded in the conciete pa'd.'The design 6f the concrete pad is the subject 
of a separate calculation. A description of the conipon'enis'sized in this calculation is as follows: 

EMBEDMENT SUPPORT PLATE (Figure 1) 

The Holtec cask base plate outside diameter is 146 V2 inches, - ¼ inch (Ref. 4.1.3). The largest 
diameter with tolerance is 146 /4 inches. The Holtec 2 inch diameter studs fit into the embedment 
plate through holes in the cask flange that are sized at 2 'A inches, +%, -0 inch (Ref. 4.1.3). Thus 
the cask can shift in the holes by V2 inch. Therefore the maximum effective diameter of the cask 
base plate is 147 ¼ inches
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The desire is to have a ½2 inch lip on the embed showing regardless of where the cask is placed.  
Therefore, the embedment plate must be 148 ¼/4 inches minimum. Therefore, call for 149 inch E 
V4 inch diameter. This provides some additional margin for future potential minor changes in 
dimensional tolerance.  

The bolt circle is 139 2 inches. For symmetry, call for 130 ± ¼ inch diameter for the inside.  

The concrete pad will slope at approximately 1% for drainage. Thus, the concrete surface will be 
approximately 1 Y2 inches higher on one side of the embedment support plate (0.01x149 = 1.49 
inches). Call for a 2 inch thick plate to keep the bottom of the embedment support plate below 
the concrete surface.  

Therefore, the embedment plate dimensions are as follows: 

* outside diameter is 149 inches, ± / inch 
& inside diameter is 130 inches, ± ¼ inch 
• bolt circle diameter is 139 ½2 inches, to be located using a template 
& plate is 2 inches thick 

COUPLER (Figures 2 and 3) 

Sixteen 5 Y2 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+21 - 1.3 9 7 + 2 x1= 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 = 1.898 106 lb./in. Any bar used must remain faithful to this stiffness. This calculation 
will ensure compliance to this requirement.  

The round bars will be embedded deeply into the pad to ensure bar strength and to ensure the 
concrete will not fracture under applied load.
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A

TYP 16

PLAN VIEW 
EMBEDMENT SUPPORT PLATE 

Figure 1 
Embedment Support Plate 

(Ref. 4 1.1)
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BAR

PLATE

SECTION A-A 

Figure 2 
SSection 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)

I
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4.0 REFERENCES 

Reports, Drawings and Industry Literature 

4.1.1. Enercon Sketch No. PGE-009-SK-301, Sh.1, "Embedment Support Structure, Diablo 

Canyon Power Plant", see Appendix DOC-1.  

4.1.2 Enercon No. PGE-009-SK-302, Sh.1, "Embedment Support Structure Details, Diablo 

Canyon Power Plant", see Appendix DOC-1.  

4.1.3 Holtec Drawing 3570, Rev.2, "Cask Anchor Stud and Sector Lug Arrangement".  

4.1.4 Holtec Report No. HI-2012618, R5.  

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 

4.2.1 ACI 349 - 97, including the proposed revision to Appendix B, dated 10/01/00. See 

Appendix DOC-2 for ACI 349 Appendix B.  

4.2.2 Steel Construction Manual, 9"' Edition, AISC 

5.0 CONCLUSION 

This calculation concludes that the members as identified in the body of the calculation are in 

compliance with design codes and acceptable design practices.
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6.1 Embedment Support Plate 

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

1149- 1 I139.5+ Led 4- )-( ) = 4.5 inches 
2

1, LedJ F,1

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: 1/¼ d = 1.25 x 3.625 = 4.53 = 4.5 => Acceptable, since the 4.5 inch dimension was computed by stacking the tolerances in one direction. This 0.500 inch tolerance is very large relative to the 0.030 inches computed to be beyond the code acceptable value.

Le >2P 
Fu t

Ref. 4.2.2, eqn. J3-6

Compute acceptable P: 

p==LFFt 4 .5x58x2 
= 261kp 2 2

I

I

I
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The limit on P is 1.5Fu (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:
16 x261 = 4176 kip

as limited by the shear tearout in the embedment 
support plate at the holes foi the Coupler.

6.2 Coupler 

Material: SA516, Grade 70, Fy = 38 ksi (Section 2.2).  

The maximum applied shear load is 515 kip applied in friction to both, the surface of the 
embedment plate steel and the concrete surface (Section 2.2). Since the distribution is not known 
between the steel shear and the concrete shear, assume it all acts on the steel.  

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

Boss at the top of coupler is 3.625 inch GD, 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: 

n(R0 R2 ) =2(1.8 12 5 2 _1. 0 32) 
2 0 2 

A =3.494 in 2
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Distance to C.G.: y =4.R 4 1'-0.928 in 

Z (Plastic Section Modulus) 2 x 3.494 x 0.928 = 6.485 in3 

and MP = 6 485 x 38.0 = 246.4 in-kip 

Using 90% Mp = Ma1 ] = 0.9 x MI = 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 Fu= 87 ksi (Ref. 4.2.2, eqn. J3-4).  

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

Boss

315.4 kip/in 

< h 

< 0 25 in (chamfer)

The hole in the embedment support plate that the Coupler fits into has a '/4 inch chamfer, (Ref.  
4.1.1).  

.% Applied Moment at Boss is
h 

Mapp=315.4xh( +0.25)= 157.7h 2 +78.85h 

Now, set Mall Mapp 

221.8 = 157.7 h 2 + 78.85 h

0= 157.7 l 2 +78 85 h- 221.8
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h
-78.85+ 478.852 -4x157.7(-221.8) 

2x157.7

h = 78.85+382.27 = 0.962 inch 
2x157.7

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

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

Structure capacity is:
16 x 303.4 = 4854.4 kip,

as limited by bending of the boss on the coupler.

Compute the shear capacity of the Coupler as limited by the shear stress in the boss: 

Shear stress in Boss 

A =4(.81252 -1.032)=6.99 in2 

A 
a = ' (based upon fully elastic shear stress distribution) 

A I 

0.75 (R' +R2) -,0.75(1.81252 +1.032) 
0 5 01282 + 2 =,0.525 

Ro+RoR, +R, 1.8125 +1.8125xl.03+1.03 2 

Holding the maximum shear stress to 0.55 Fy, (Ref. 4.2.1,B.A 0.1), the shear 
capacity of the boss is: 

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

Structure capacity is:
16 x 76.7 = 1227.2 kip, 

as limited by holding the maximum elastic shear 
stress to 0.55Fy.

Compute the shear capacity of the Coupler as limited by concrete bearing stress:
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After the load goes through the boss, it is in the 5¼ inch (D Coupler, which bears on the concrete 
This will create bearing stress blocks on the concrete, similar to those of a dowel.

Bearing Stress Blocks

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

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

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

Details of the bearing stress block calculation

Allowable bearing per Ref. 4 2.1, Appendix B 4.5.2:

fba = 1.3 x ( x fc = 1.3 x 0.7 x 5000 = 4550 psi

I
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5.5"(D

Use a 900 sector to compute width of the bearing stress block.  

W = 2 sin 450 ( 15)5 = 3.89 inches 

Line load is: w = (4.550) (3.89) = 17.7 kip/in 

Heights of blocks are limited to 0 85 of the distances to the axis of rotation.  

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

MSb = 17.7 (o"85a- -17 7 x 0.85c x9.75" 0.85c 

MSb = 6.39 a -146.089 c + 6.394c 2 

Now: a + c = 9.754

.*. c=9.75 -a
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Substitute: 

MSb : 6.394a 2 -146.698(9.75-a)+6 394(9.75-a)2 

MSb = 6.394a 2 - 1430.22 + 146.689a + 6.394(95.063 - 19.5a + a') 

MSb = 6.394a2 - 1430.22 + 146.689a + 607.83 -124.683a + 6.394a 2 

Msb = 12.788a2 + 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 4[ 5 2 (3.62 2x.2)2]= 10.39 in2 , accounting for the 1/4 inch 
4 

chamrfer in the embedment support plate

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

10.39 

Section modulus of A is: 

I 

C

I !R40-R, 
55)

J4.1 2 5 )4 = 30 71 in4

S- =30.71_11 16m3 
2.75 

Allowable moment on surface "A" due to the bearing blocks: 

Mail = (9.13) (11 16) = 101 89 in-kip 

Set the applied moment equal to the allowable moment:

I
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• Msb = Mall 

101.89 = 12.788a 2 +22.006a-822.39 

0 = 12.788a 2 + 22.006a -924.28

a
- 22.006 + V22.0062 -4 x 12.788 x (-924.28) 

2x12.788

-22.006 +218.5 a = 
2 x 12.788 

a =7.68 in 

c = 9.75 - 7.68 = 2.07 in 

Now, allowable shear on the Coupler as limited by concrete bearing is: 

V = 17.7 x 0.85 (7.68 - 2.07) = 84.4 kip

Structure capacity is:
16 x 84.4 = 1350.4 kip 

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

6-3 Round Bar

Bar must be ductile. .-. Material to be A36.  

Max. seismic load is 62.13 kip (Section 2.2) 

62.13_ 
Required bar area: A= - 2 =1.918 in 2 where (D = 0.9, Ref 4.2.1, Appendix B.]0.1 

0.9(36.0) 
Bar diameter: (D = 1.563 inch, minimum 

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

The bar used in the Holtec calculation is: diameter cD = 2.0. in 
I length: L = 48 in
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Stiffness of the bar:

7 2 29000000 

k 48 = 1.898x10 6 lb/in 48

Any bar used must be faithful to this stiffness.  

The pad is sized to have 7 V2 foot minimum thickness. (It is 7 feet 11 % inch at its thickest point.) The bars must deliver the loads deeply into the pad in order to preclude concrete tensile stresses 
that might split the concrete.  

Try a 2½2"clbar, 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 5½4"l with 2!/-," (D hole in it. It is 9 /" long.  

.%. A coupler '4(5.52-2.52) 18.85 in 2 

k~o•l- AE 18 85x29x 106 =56.07 x10 6 lb/in 
L 975 

n(2.5) 22 
Abar•• -- 4 909 in 2 

4 

kbr AE 4 x29x 106 =2.001xlO lb/in.  
L 71.13

Net k:

I - I + 
kk + 

k oupler k ..

I

k 56.07x10" 2 (g)0Ix 0()6 

" k =l.9 32x l0"lbin

The net k is 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 strength.  

Threads are to be 2Y2 - 4UNC-2A, minor D = 2.1992 in

Athd = 3.799 in2 (minimum) 

Abar = 4.909 in 2

AthdFu = 3.799 x 58 = 220.34 kip minimum 

AbarFy =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: Frd = 36.0/0.75 = 48.0 ksi and 
Required Ductile Design Strength: Prd = AbarX Frd = 4.909 x 48.0 = 235.63 kip 

The length of engagement Le necessary to prevent stripping of the externial thread, must be:

_ K2xA t 
3.1416K n max 1V2 + 0.57735n(E smin7 - n max)]

where: At = 4.00 in2 

n=4

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

(Ref. 4.1.6, Table 4a, Pg. 1740)

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

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

Lo

I
I

I
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2x4.00 
1.7777 in 

3.1416 x 2.267 + 0.57735x4(2.324 1-2.267) .

Therefore, provide at least 1.78 + 2 x 1/n = 2.28 inches of thread 
Figure 3).  

6.4 Anchor Plate 

Size anchor plate at bottom of round bar: 

Size for Prd = 235.63 kip, per requirement of Ref. 4.2.1, B.3.6.2

Try a 7/2 inch square plate.  

A = 7.5 x 7.5 - 4 ,(2 i6)

to allow for run in/out (See I

= 51.09 in 2

235.63 
= = - 4.61 ksi < 24 ( 85)(5.000) = 5.95 ksi 

51.09
see Ref. 4.2.1, Sect. 10.15.1

S= 0.7; Ref. 4.2.1, Sect. 9.3.2.4

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

7nR2 5.95=23563 4 R= 3.77 in

Distance across flats of nut is 3.75; equivalent inner radius is R, = 1.875 inch 

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

b 1.875 
= =0.497 

a 3.77
KN1tb = 0 345

M = 0 345 x 5.95x 3.772 = 29.18 in-kip 

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

I

I

I

I
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t 4x29.18 = 3.60 in2 
0.9x36 

t = 1.90 in., use 2 inches 

SUMMARY of shear capacities (Applied shear is 515 kip, section 2.2):

Embedment support plate shear capacity is 
Coupler: Bending capacity of the boss: 

Shear capacity of the boss: 
Concrete bearing capacity:

4176 kip 
4854.4 kip 
1227.2 kip 
1350.4 kip

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

Therefore, the embedment hardware has sufficient capacity to withstand the loads defined by 
Ref. 4.1A4 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 ½2 inch round bars are to be installed so, that they bottom -out on the diaphragm in the 
coupler between the 2 inch and 2 ½2 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.

1) 
2) 

3)

> 515 kip 
> 515 kip 
> 515 kip 
> 515 kip

I

I
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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 design strength of 235.63 
kip.  

The bar force is Prd = 235.63 kip 

The Neutral Axis XNA is shown in its approximate location in the Figure on the next page. It doe! 

not have to be located since the maximum value of XNA is 139.5 = 69.75" because it must lie 
2 beneath the footprint of the cask.  

The d value for the pad is (see Figure on page 26): 

d= 9.75 +71 13-2- 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 Prd.
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I

Plan Geometry of the Cask Anchor Studs 
(Also, see Figure 1 on page 8) 

Conservatively, compute the net shear to be: 

V = 2 x 4 x 235.63 kip= 1885.041kip 

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

Vu = (IVc= 2I)i50i0b77 Ref.4.2.1, 11.3.1.1 

= 2 x 0.85 0--6 x (204) x (77) 
1888.2 kip > 1885.04 kip .. OK.  

Thus, ductile failure mode of the embedmentt support structure is assured and the ductility 
requirements of ACI- 349, Ref. 4.2.1 have been satisfied.

I
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Pad reinforcement layout:

EMBEDMENT SUPPORT PLATE

PAD CONCRETE SURFACE

75"

El 302'-10"

El 302'-0"

SHOR DIRECTION REINFORCEMENT

71.13"

V 2"

1 '/4" 

3"

By design the support plate is embedded into the concrete for mi. of '.
)

I

V-1. -1UY -?5j 
N'! 

4 

I I 

9

2"
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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 embedment support plate is el. 309'-8 5/8".  

elevation of concrete surface at low end of plate is: 

El. 309'-8 5/8" - (0'-2") + (0'- 1/4") = El. 309'-6 '/8" 

Length of coupler + free length of round bar is : I = 309'-6 7/8" - (302'-10") 
I = 6'-8 7/8" = 80.88" 

The free length of round bar is : 10= 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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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 comers as 349-1 to 349-32.
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"Code Requirements for Nuclear Safety Related Concrete 
Structures (AC! 349-00) and Commentary (ACl 349R-00)" 

Appendix B, Anchoring to Concrete 

Index 

B.0 -Notation 
B.1- Definitions 
B *7-Scope 
B3--General requirements 
B.4-General requirements for strength of structural anchors 
B_5-Design requirements for tensile loading 
B.6-Design requirements for shear loading 
B.7-Interaction of tensile and shear forces 
B.--Requlred edge distances, spacings; and thicknesses to preclude splitting failure 
B.9-Installation of anchors 
B.10-Structural plates, shapes, and specialty inserts 
B.11-Shear capacity of embedded plates and shear lugs 
B.12-Grouted embedments 

Index for Appendix B commentary 

RB.0 -Notation 
RB.1- Definitions 
RB.2-Scope 
RB 3-General requirements 
RB.4-General requirements for strength of structural anchors 
RBS5-Iesign requirements for tensile loading 
PB.6-)esign. requirements for shear loading 
RB.7-Interaction of tensile and shear forces 
RPB.--Required edge distances, spaclngs, and thicknesses to preclude splitting failure 
RB.11-Shear capacity of embedded plates and shear lugs 
RB.13-Comparlson of Concrete Capacity fethod and ACT349-97 

Ada a new ASTIMI reference to gectlon 3.8.1 for -velded studs: 

A 108-99 Standard Specificatito for Stel Bars. Carbon, Cold-Finished. Standard Quality 

Add new Section 3.8.7: 

3.8.7 - Structural Weldiniz Code- Steel" (AWS D. t. 1:2000) of the American Welding Societyis declared to be a 
part of this code as if fully set forth herein.  

Renumber existing paragraph In 8.1 to 8.1.1 and add new Section 8.1-2 

8.12-Anchors for attaching to concretz 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 requirements of Appendix B.

349-1
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Appendix B, Anchoring to Concrete 

B.0 -Notation 

A-= bearing area of the head of stud or anchor bolt, in.  

AN. = projected concrete failure area of one ancho', fc calhilatico of strength in tension, when not limited by edge 

distance oc spacing, as defined in B5.21, in.2 [Seeig. iR.5.1(a)] 

AN = priJected cncrete failure area of an anchoc oc group of anchocS, for calation of strength in tension, as defined 

in B.52.1, in. AN shallnotbe taken greater than nAN. [SeeThg.E RB.5.1(b)] 

A., = effective cross-sectional area of anchor, in.2 

= effective cross-sectional area of expansion or undercut anchdb sleeve, if slmve, is vthin shear plane, in.  

Av. = projeced concret. failure area of oce anchor, foc caloilatlion of strength in shear, when not limited by comer 

influeaces, spacing, or member thickness, as defined in B.6.2.l, in.• [(SenFig.,B.6-2(a)] 

AY = prjected concrete- failure area of an anchoc oc group of anchors, for calceladoa of strength in shear, as defined in 

B.6.21, in.• Ay shall not be taken greater than nAy,. [See Eig. RB.62(b)] 

C = the compressive resultant force between the emnbedment and the concrete resulting from factored moment and 

factored axial load applied to the embedment.b 

c = distance from center of an anchoc shaft to the edge of concrete, in.  

cl = distance from the center of an anchor shaft to the edge of concrete in one dirmctoe, in.; Waem shear force is I 
applied to anchor, ct is in the direction of ihe shear force. [See Fig.RPB.6.2(a)] 

c2 = distance from center of an anchoc shaft to the edge of concrete in the direction orthogonal to c• in.  
S= 

the largest ef-tie-edge distances u 4 S-tb u-o --eqb•, in. (e -A T-- - { n '•u I 
S= 

the smallest of e edge distant nee-qhsý , in. [ 

d, = outside diameter of anchor coc shaft diameter of headed stud, oc headed fa±f-blx", in.  

eN' = eccentricity of nomal force on a group of anchs; the distance bzte the resultant tension load on a group of 

anchors in tension and the centroid of the f e-*-group of anchors loaded in tension, in.- -e' is always 

positive: [See Rg. RB.5.2(b and c)] 

evy = eccentricity of shear formc on a group of anchors; the distanc betweenl the point of shear force ipplicadon and 

the centroid of the group of anchors resisting shear in the direction of the applied shear, in.  

= specified compressive strength of conicrete, psi,

349-2
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fd specified tensile strength of concrete, psi-.  

= modulus ofnt'reof con crete, psid (See 9.5.2.3) 

f, = calculated tensile stress in a region of a member, psi 

= specified yield strength of anchor steel, psi.  

= specified tensile strength of anchor steel, psi: 

= specified tensile strength of anchocsleve psi: 

h = thickness of member in which an anchor is anchored, measured parallel to anchor axis, in.  

l• = effeciveanchoceambedmentdepth, in. (SeeB.8.5andFig.RB.1) 

k = coefficent for basic co'ncrete breakout strength in tensio•: 

I% = ooefficient for pryout strength: I 

I = load-bearing length of anchor foc shear, not to exceed 84,, in.  
= tf for anchors with a constant stiffness over the full length of the embedded sectoo, such as headed studs cc 

post-installed anchors with one tubular shell over the full length of the embedment depth.  
= 2d, for torque-controlled expansion anchors vith a distance sleeve separated from the expansion sleeve.  

n = number of andcors ira group .  

Nb = basic concrete bxeakout strength in tension ofa single anchor in cracked concrete, as defined in, B.52, lb.  

Na = nominal concrete breakout strength in tension of a single anchor, as defined in B-52.1, Ib.  

N,• = ncminalcoa•eetaceakout strength in tension of a group of anchors, as defned in B.5.2-, b.  

N. = noainal strength in tension, I•b.  

N, = pullout strength in tension of a single anchocrin cracked concrete, as defined in BS.3A, lb: 

Np, = nominal pullout strength in tension of a single anchor, as defined in B5-3.1, 1b. I 

Nb = side-faceblowoutstrength of a single anchor, IN 

N•bc = side-fameblowoutstrength of a group of anchors, lb.  

N,, = nominal strength in tension of a single anchoc or group of anchors as governed by the steel strength, as defined 
in B.5.1.1 or B5.1.2, Ib: 

N. = factored tensileload, lb: 

P. = the-faaored external axial load on the embedment, lb-.  

s = anchor center-to-center spacing, in.

349-3
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s, = spacing of theo anchors along the edgein a group, in.  

t = thickness of,%2sher cc-plate, in.  

'V = basic cncrete reakout strength in shear of a single anchoc in cracked concrete, as defined in B.6.2.2 or B.6.2.3, IbI 

V,h = ncxninal concrete breakout strength in shear of a single anchor, as defined in B.62.1, lb.  

Va•:r = nominal concrete breakout strength in shear of a group of anchcrs, as defined in B.6.2-1, lb: 

V• = nominal concrete pryout strength, as defined in B.6.3, Ib: 

V. = nominal shear stength, 1b.  

"V, = nominal strength in shear of a single anchor or group of anchors as governed by the steel strength, as defined in 
B.6.1.1 cr B.6.2 lb.b; 

V, = factored sherload, lb.  

= strength reduction fa " (see BA.4) 

Ti = modification factor, for strength'in tension, to account for anchor groups loaded ecceatrically, as defined in 
B-5.2.4.  

T2 = modifiction factoc, for strength in tension, to account for-edgo distances smaller than .Shd, as defined in 

' 3  = modificationfactormfor strengthin tension, toaccount for cracgkig, asdefinedinB..6andB.5.7; 

T4 = modification facto, foc pullout strength, to account foc craciking, as defined in B53.1 and B5-35

"is = modification factor, for strength in shear, to account for anchoc groups loaded eccentrically, as defined in 
B.62-5-.  

TC modification factorc, for strength in shear, to accxxmt for edge distances nal ler than 1.5c• as defned in B.6-2.6.  

T7 modificationa•btor, for strength ins.ear, toaccm-tfcEx cradzing, asdefinedinB.6.2-7-.  

B3.1- Deflintions 

Anchor-A steel elment either cast into concrete or pc-t-installed into a hardened Concretei mecmbcr and used to transnit 
applied loads, including hcimcdsterigt bolts, eý L c. .-s-- - lobheaded studs, expansion ancho-s, undercut 1 

anchors, or _.tinse=s.  

Anchor group-A number of anchors of approximately equal effective embedment depth with each anchoc spaced at less 
than three times its embedment depth from one or mcxc. aSjacent anchocs.  

Anchorppullout strengih-'Ibe strength corresponding to the anchocringI devie oc a majot Iccomponent of the device sliding 

out from the concrete without Ixeaking out a substantial pcxticn of the surrounding co:crete..

349-4
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Attachznent-The structural assembly, exteral to the surface of the concrete, that transaits loads to cr reeivs load frfn 
the anchor.  

Bril steel element-An element with a Le €~ test elongation of les than 14 ;ýopg '•" L eie- t2 i,--.... gae,- Or,' -' o 

reduction in area of less than 30 Tco nt, or both.  

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

Concretepryoutstrength-The strength orresponding to formation of a concrete, spall behind a short, stiff anchor with an 
embedded base that is displaced in the direction oppositm to the applied shear force.  

Distance sleeve-A sleeve that encases the center part of an undercut anchor, a torque-controlled expansion anchor, or a 
displacexnent-controlled expansion anchor, bWt does not expand.  

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

Ductile steel element-An element with a tensile test elongation of at least 14 •.4e-cn ovey, a 2 b. go"zlengd: and 
reduction in area of at least 30 YceLtt. A steel meeting ASTM A_307 shallbe considered ductile.  

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

Effective embedment depth-The overall depth through which the anchor transfers force to cc ftom the surroumding 
concrete. The effective embedment depth will normally be the depth of the c-•crete failure surfac in tension 
applications. For cast-in headed ancor-bolts and headed studs, the effective embedment depth is measured from the 

bearing contact surface of theheal (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 connectors, 
sr•cialrv insarts, or any combination thereof.  

Expanslon anchor-A post-installed anchor, inserted into bardened concrete that transfers loads into or fr-m the concrete 
by direct bearing or friction or both. Expansion anchors may be torque-cotrolled, where the expansion is achieved by a 
torque acting on the screw or bolt; or displaceraent-controlled, where the expansion is achieved by impact forces acting 
_a a sleeve or plug and the expansioa is coutrolled by the length of travel of the sleeve cc plug.  

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

S XE.Crcentfractile-A statistical term meaning 90 percent confidence that there is 95 percent probability of the actual 
strength exceeding thenominal strength. 2 " s i d . . . umef ................. ., ,i,.,d. I 

lFeW• Hdheaded stud-A steel anchor rnfld fcrm ... d dfa•,n bc. z•eT .... , t;.g of a ch,. eed cod cr-f-S hakA, nn• 
conforming to the requirements of AWS Dl.Ih and Th..n c' "•,is affixed to aplae or similar steel attachment by the stud 
arc welding process b forcprkt casting in wo arnd being emabedded vit•in a a,. eeor e r•,e-

Post-insta1ed anchor-An anchor inst•aled in hardeed concrete. Expansion anchors and undercut anchors are examples 
of post-installed anchors.
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Projected erra-The area on the free surface of the concaete member that is used to represent the larger base of the 

assumed rectilinear failure surface.  

Side-face blowout strength-The strength of anchors with deeper embedment but thinner side cover correspcnding to 

cxncrete spalling on the side, face around the embedded head while no majoc breakout occnr af the top concrete surface.  

hseri-(e3pecilty insert) -Predeeigned and prefabxicated cast-in ahchors specifically designed foc attachment of bolted or 

slotted connecions. Sptcialty ilnserts are often used for handling, transportation, and erection, but are also used for 

anchoring structural elements.  

Supr!emenfzry reinforcement - Reinforcement prcs x jrioned to tic a nTwgntial concrete failure prism to the 

structural reinfbr e 

Undercut anchor-A post-installed anchor that derives its tensile strength by the'mechanical interlock provided by 

undercutting of the comcrett at the embedded end of the anchor. The undercutting is achieved with a special drill befcre 

installing the anchor or alternatively by the anchor itself during its installation.  

B.2-Scope 

B.2.1-This Appendix provides design requirements foe structural embedments in concrete used to.transmit structural 

loads from attachments into concrete members or from one connected concrete member to another by means of tension, 

shear, bearing, or a combinatioa thereof. Safety levels specified are intended foc in-service conditions, rather than for 

short term handling and constniction conditions.  

B.22-This Appendix applies to both cast-in anchors su& 6a headd s34" d .. - aded s•-.-. and igsxnt-flstmlled anchcos 

insffied into ar.aned ..... et. s.. o ion -n-h" e.. d de.r.•t .n... ... .e -.. _Through bolts, multinle anchors 

Conlnected to a Bingle steel plate at the embedded end of the. anchors b.alt.:ý nehced t. e ... .ded ,- ,teel ;•la• 

adhesiv- oc grouted anch~cs, -and direct anchors such as powider or pneumatic-acuated nails cc bolts are not included.  

Reinforcement used as part of the embedment shall be designed in accordance with.other parts of the code.  

B .23-1eaded studs and headed bolts thet-haveigg a geometry thatS been demonstrated to result in a pullout strength in 

uncracked concrete equal or exceeding 1.4 N, [where N, is given by Eq. (B-10a)] are included. Post-installed anchors are 

included provided that B3.3 is satisfied.  

B.2.4-4_oad applications that are prodoinantlybigh-cycle faftigue arenot covedediby this Appendix

B.2.5--in addidin to meeting the requLrements of this chapter, consideration shall be gi-en 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 analysi approaches are permitted where nominal strength is controlled by ductile 

steel elements, provided that deformational compatibility is taken into account Assumptions us•d in distributing loads 

within the embedment shall be consistent with those used in the design of the attachment.  

B33.,--Thedcion strenth of aAnchors shall equal or cxced the larggst reoiired strength calculaterd from the applscnblhc 

teet f• load combinations eodied-in 92.
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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 agency and shall be certified by a professional engineer with full description and details of the 

testing programs, procedures, results, and conclusions.  

B.3.4-AII provisions for anchor axial tension and shear strength apply to normalweight concrete cnly.  

.3.5--The values of f, used for calculations in this Appendix shall not exceed 10,000 psi for cast-in anchors and 8,000 

psi fcc post-installed anchors.  

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 steel where the design concrete breakout tensile strength of the 

embedment, the design side blowout strength of the embedment and the design pullout strength of the anchors 

exceed the specified ultimate tensile strength of the embedment steel and when the design concrete br-'eakout shear 

strength exceeds 65 -%,p.ceut 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 concrete 

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 %MmLt 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 (c).  

B.3.6.3-It shall be permitted to design anchors as nonductile anchors. The design strength of such anchors shall 

be taken as 0.60 ý N, and 0.60 4uYV, where 4 is given in B.4.4 and N. and V,, are determined in accordance with 

B.4.1.  

B.3.7-Material and testing requirements for embedment steel shall be specified by the Engineer so 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.339-Ductile anchors that incorporate a reduced section in the tension or shear load path shall satisfy one of the 

following conditions: 
a) The ultimate tensile strength 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 embedment 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 strength of the embedment steel as specified in B.3.6.  

B.4-General requirements for strength of structural anchors 

B.4.1-Strength design of sL-ue~utLfanchors shall be based either on the coxnputation using design models that satisfy the 

requirements of B.42 or on test evaluation using the 5,;crpcen t fractile of test results for the following: 

a) steel strength of anchor in tension (B.5.1)-;
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b) steelstrength of anchor in shear (B.6.1).  
c) concrete breakout strength of anchor in tension (B.5.2), 

d) concrete breakout strength of anchor in shear (B.6.2); 

e) pullout strength of anchor in tension (B.5.3)
f) concrete side-faceblowout strength of anchor in tension (B.5.4)i 

g) concrete pryout strength of anchor in shear (B.6.3)•

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

rgyiW i(B 8).  

B.4.1.1-For the design of anchors, except as required in B3.3, e 

V. '-> V. (B-2) 

B.4.1.2J--- Eq. (B-1) and (B-2), 4N. and 4V, are the lowest design strengths determined from all appropriate failure, 

modes. 4N. is the lowest design strength in tension of an anchor or group of anchors as deerm-ined from consideatiar• of 

4N, , ýN , either ýNz or ýN. •r V. is the lowest design strength in shear of an anchor cc a 

group of anchors as determined from consideration of 4V,, either 4Vd, or ýV&,, and ýV',P.  

B.4.1.32-Wheni both N, and V, arepresent, interaction effects shall be considered in accordance with B.43.  

B1.4.2-The nominal strength for any anchor cc group of anchors shall be based cx design models that result in predictions 

of strength in substantial agreement with results of comprehensive tests. The materials used in the tests shall be

compalible with the materials used in the structure. The nominal strength shall be based on the 5---%~crnt fractile of the 

basic individual anchor strength. For nominal strengths related to iheocrett strenh_, modificatios for size effects, the 

number of anchors, the effects of dose spacing of anchors, proximity to edges, depth of the concrete member, ecacetric 

loadings of anchor groups, and presence or absence of cracking shall be accounted for. Limits on edge distances and 

anchor spacing in the •desigan modelssha9 be iconsistent witi the tests that verified the model.  

B .4-.21-The effect of supplementary reinforcement provided to coafine or restrain the ccncrete breakout, oc both, shall be 

permitted to be included in the design models ofused to satisfv B.42.  

13.42.2-For anchors with diameters not exceeding 2 in. and tensile embedments not exceeding 25 in. in depth, the 

conacrete breakout strength requirements ef-4 -ý-shall be considered satsfiedby the design procedure of B-5.2 and B.62.  

B.43- Resistance to ccmbined tensile and shear loads shall be considered in design using an inteat"-o-= ex.-pressia that 

results in conputatioa of strength in substantial agreement with results of comprchensive tests. This requirement shall be 

considered satisfied by B.7.  

B.4.4-Strength reduction factor 4d for anchorsM ,ng-te concrete shall be as follows when the load combinations of 

9.2 are used: 

a) Anchor governed by strength of a du.ctile steel element 

i) Tension Loads ................................................................................................................... 
0.75 

ii) Shear Loads ...................................................................................................................... 
75 

b) Anchor governed by strength of a brittle steel element 

i) T ension Loads .................................................................................................................. 
0.70 

ii) Shear Loads ...................................................................................................................... 
65
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c) Anchor govened by oncrete breakout, side-face blowout, pullout ccpryout strength 0.75 

B.4.5- Bearing Strength 

B3.4.5.1 - A combination of bearing and shear friction mechanisms shall not be used to develop the nominal shear 
strength defined in accordance with 9.2-f44he-keCe. If the reuirements 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.  

B3.4.5.2 -The design bearing strength used for concrete or grout placed against shear lugs shall not exceed 1.3 ýfC' using a 
strength reduction factor ý' of 0.70. For grouted installations, the value of 4' shall be the cnpressive strength of the grout 
cc the c-ucrete, whichever is less.  

B3..-7-Design requirements for tensile loading 

B.5.1-Steel strength of anchor In tension 

13.5.1.1-The ncominal strength of an anchor in tension as governed by the steel, N,, shall be evaluated by calculations 
based on the properties of the anchor material and the physical dimensions of the anchor.  

B 5.1.7--The nominal strength of an anchor or group of anchors in tensiocN. shall not exceed.  

N, = nA,, f. (B-3) 

where f, shall notbe taken greater than 1.9f, oc 125,000 psi.  

B.5.2-Concrete breakout strength of anchor In tension 

B1.5.2.1-The noaninal ocncrete breakout streng_ .N,,b-,of an anchor or group of anchors in tension shall not exceed: 

(a) for a single anchor:.  

N,, =-N, V2 V. (B-4a) 

AN.  

(b) for a group of anchors: 
A# 
AN=fi2 VN (B-4b) 

61 Eie L b&sie mctcrete bfeakeu strengil -lu- fer a siuAl fichcv~ iatns~ief ý ztz!z av c6 z eaetze. AN is the; projected area 
of the failure surface for the anchor or group of anchors that shall be approximated as the base of the rectilinear 

geometrical figure that results from projecting the failure surface outward l.5hd from the centerlines of the anchor, or in 
the case of a group of anchors, from a line through a row of adjacent anchors. A,,j shall not exceed n AF,, wihere n is the 
number of teosioned anchors in the group. At. is the projected area of the failure surface of a single anchor remote from 
edges: 

Amo 9 h•e (B-5) 

B..5.2.2--1The basic concrete breakout strengthLNý. of a single anchor in tension in crad-ced coucrete shall not exceed: 

Nb7:k1-5h~ (B-6a) 

where k = 24 for cast-in - -d-heade-boLtsanchor
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k = 17 for post-installed anchors.  

Alternatively, for cast-in headed studs and headed bolts with 11 in._< he<5 25 in., the basic concrem breakout strength of a 

single anchor in tension icracked concret shall not exceed 

Nb = 16 -f7 hf 51 3  (B-6b) 

B.5.23--For the special case of anchors in an application with three or four edges and the largest edge distance c= < 1.5 

hd, the embedment depth htused in Eq. (B-5), (B-6), (B-7), and (B-8) shall be limited to cdl.5.  

S.5.2.4--The. modification factL for eccentrically loaded anchor groups is: 
1 

"Vi" 2- , 1 :1(B-7) 
(1 + •-) 

3 lzr 

Eq. (B-7) isvalid foc eý <s/2.  

.If the loading on an anchor group is such that only so=e anchors are in tension, only those anchors that are in tension 

shall be considered vwen determining the eccentricity, eý , for use in Eq. (B-7).  

In the case where eccentric loading exists about two axes, the modification factor, V1, shall be computed for each axis 

individually and the product of these factors used as NJ1 in Eq. (B-4b).  

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

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

V2 =1 if c.Ž.,. > 1.5 h, (B-Sa) 

V2 =0.7+0.3 C- ifc,•<1.5 hf (B-Sb) 

B.5.2.6--When an anchor is located in a region of a oxicrete member vhere analysis indicates no cracking 

(fj < fQ) under the load combinations pecified in 92 with load facars taken as unity, the following modification factc-' 

sh allbepe rnitte&

V3= 1.25 for cast-in incharsheaded .tuE .d. ... d b.lt;....  

V3 = 1.4 for post-installed anchors.  

.7-When analysis indicates cracking under the load combinations specfied i 92 with load factors taken as unity, 

q3 shall be taken as 1.0 for both cast-in anchors and post-installed anchors. The crading in the concrete shall be 

controlled by flexural reinfoccement distributed in acoordance with 10.6.4, or equi'valeat crack control shall be provided by 

cofifming reinforcement.  

B.52.7,--When an a~dditioal plat or washer is added at the hea of the anchor, it shall be pemiitted to cal~ate, the1 

projected area of the failure surface by projecting the failure surface outward 1.5bf from the effective perimeter of the plate 

or washer.' The effective perimeter shall not exceed the value at a section projected outward more than t friom the ou•t 

edge of the head of anchor, where t is the thickness ofthe washer or plate.
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B-5.2_,9 - For post-installed anchors, it shall be permitted to use a coefficient, k, in equation B-f9a based on the 5 
'%7M.cnt fractile of results from product-specific tests. For such cases, the modification factor, V3, shall be based 
on a direct comparison between the average ultimate failure loads and the characteristic loads based on the 5 
opcrcent 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 strengthE-,, of an anchor in tension shall not exceed: 

N. Fn= V/4 N. (B-9) 

B.5.3.--For post-installed expansion and undercut anchors, it is not permissible to calculate the pullout strength in 
tension. Values of N. shall be based mn the 5 2ri_.z_ fractile of results of tests performed and evaluated accxxding to 
B.3.3.  

B .5.3-3-For single cast-in headed studs and headed bolts, it shall "e permitted to evaluate the pullout strength in. tension 

using B.5.3.4.  

B5.3.4-The pullout strength in tension of a single headed stud or headed bolt, N,, for use in Eq. (B-9), shall not exceed

-P -(B-lOa) 

M. = A.,.ýfc±' 
B.5.3.5-For an anchor located in a region of a concrete member where analysis indicates no cracking (f,< f,) under 
the load combinations specified in 92 with load factmrs taken as unity, the following modification factor shall be 
permitted: 

V4 = 1.4 

Otherwise, Nf4 shall be taken as 1.0.  

B.S.4-Concrete side-face blowout strength of a headed anchor In tension 

B.5.4..-Foc a single headed anchor with deep embedment close to an edge, the nominal side-face blowout strength Nl, 
shall not exceed.  

IN O =1tc46 ,.t(B-il) 

If the single anchor is located at a pmpendicular distance, c.2 , less than 3c from an edge, the value of Nb shall be modified 
b5-multpUi--iý't by the factor (1 + co/c)/4 where 1 < c,'c < 3.  

B.5.4.2-F-c multiple-headed anchocs with deep embedment close to an edge (e < 0.4 hI.fand spacing between anchors 
less than 6c, the nominal stregth of the outer anchcrs along the edge in the group foc a side-face blowout failure N,6, 
shall not exceed:

Nm: =(1+--) Nb (B-12) 

where s, = spacing of the outer anchors along the edge in thegroup and Nb is obtained frxom q. (B-11) without 
modiflcatinfor aperpendicularedgedistanc.. The nominal strength of the group of fasteners shall betaken 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-Deslgn requirements for shear loading 

33.6.1-Steel strength of anchor In shear 

B.6.l.1-The nominal strength of an anchoc in shear as governed by steel, V,, ,shall be evaluated by calculations based on 

the properties of the anchor mnaterial and the physical dimensions ofthe an.chor.  

B.6.12-The nominal strengthLVy of an anchor or group of anchors in shear shall not exceed: 

(a) for cast-in Y,-elded-headed stud anchors: 

V, =n.•,,AfW (B-13) 

where f., shall not be taken greater than 1.9f7 or 125,000 psi.  

(b) for cast-in thfaal-head.-ed b•lt anchors: 

V. = nO.6A,,,f. (B-14) 

where f, shall not be taken greater than 1.9fy or 125,000 psi.  

(c) for post-installed anchocs: 

V, = (O.6 Af + 0.4 AfO (B-15) 

where fa1 shall, not be taken greater than 1.9fy or 125,000 psi.  

When the anchor is installed so that the critical failure plane does not pass through the sleeve, the area of the 

sleeve in Eq. (13-15) shall be taken as zero.  

13.6.13-Where, anchors are used with built-up grout pads, the nominal strengths of B.6.1.2 shall be reduced by &q Q 
f~actor2O--%-.  

B.6.1.4 -Friction between the be_.plate and concretz may be considered to contribute to the nominal shear 

strength of the coniection. The nominal shear strength rcsulting from friction between thebaseplate and concrete 

(that is, without any contribution from anchors) may be tazen as 0.40C .  

B.6.2-Concrete breakout strength of anchor In shear 

13.6.2.1-The nominal coacrete -eakout strength s,!, i hc-ar of an anchor or gr-u ef ancho-s shall no exceedh 

(a) foe shear force perpendiaiar to the edge on a single anchoc 

Vcb = Av Vf/6 V7 (B-16a) 

Avo 

(b) foc shear force perpendicular to the e!ge cu a group of anchors: 

VCX=Av V5NV,(B-16b) 

Av.  

(c) for shear force parallel to an edge, V1, cr Vt shall be permitted to be twice the value for shear form 

determined from Eq. (B-16a or b) req)cively vith Vr6 taken equal to 1.  

(eV-Ld• fo anchors located at a corner, the lrmiting nominal concrete breakout strength shall be determined for 

each edge and the minimum value shall be used.
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- is the prcected area of the faihure surface on the 

side of the ocincrete member at its edge fCc 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 wbere the tco of the half pA-amid is given 
by the axis of the anchor row selected as criticaL The value of cc shall be taken as the distance from the edge to this axis.  
A, shall not exceed nA,, where n is the number of anchors in the group.  

A, ,is the projected area for a single anchor in a deep member and remote from edges in the directio perpendicular to the 
shear force. It shall be permitted to evaluate this area as the h= of a half pyramiddwith a side length parallel to the edge 
of 3c, and a depth of 1.5 c1: 

A, = 4.5c12  (B-17) 

Where anchors 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 ofct on the distance fra the edge to 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 critical 
anchor row alone.  

B.622-The basic concrete breakout strengthV._. in shear of a single anchor in cracked ocncrezt shall not exceed: 

Vb= 7(Ta 

B.62--For cast-in headed studs, or headed bolts, that are rigidly welded to steel attachments having a mninimum 
thickness equal to the greater of ) in. or half of the anchor diameter, unless . ...z..... in t-..r.dane. v.i. . BA-2• the 
basic coxncrete breakout strengtby_. in shear of a single anchor in cracked concrete shall not exceed: 

1.5 (B-18b) Vb = 8( -)° d f'C 

provided that: 

a) for groups of anchors, the strength is determined based on the strength of the row of anchors farthest from 
the edge; 

e)-b)_the cmter-to-center spacing of the anchors is not less than 2-5 in.  

L)-.)__supplementa-y reinforcement is provided at the cocners if c2 <- 1.5h,.  
B.62.4-.-cr the special case of anchors in a •,ti mzemb influenced by three oc more edges, the edge distance cl used in 

Eq. (B-17), (3-18), (B-19), and (3-20) shal be limited to /1.5.  

B.62.5-The modification factor for eccentrically loaded anchor groups is: 

I <1 (3-19) 
V5 1+ 32Cl 

3 ci 

Eq. (B-19) is valid for e' <s/2.  

B.6.2.6-The modification factor for edge effects is: 

V6= -l if c 2 > 1.5 c, (B-20a)
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06  .7 + 0.3 c. • c < 1.5 c1 (B-20b) 1 .5 ci 

]3.6.2.7-Fca anchors located in a region of a acoaete. member where analysis indicates no craddng 
(ý < f) under the load combinations specified in 9.2 with load factors taken as unity, the following modification factr 
shall be peniued& 

V7 = 1.4 

For anchors located in a region of a concrete member where analysis indicates cracking under the load combinations 
specified in 9.2 with load factors taken as umity, the folloving m6dificatioa factxors shall be paemitted._: Tht-ocder-to4-e 
ee9ideredc czr6 fc -iafarccttx'n, feieffer-eemeal: slali Ic der. igncd to~ inte sert thez~ eecent akcut W falue furez: 

= 1.0 for anchors in cracked concrete with no snpplermcntar e&zz reinffcccnent cc supolernentary edge 
reinforcement smnaller than a #4 bar

V= 1.2 for anchors in cracked concrete with -ipplesnentar edtge-reinforcement of a #4 
bar or greater between the anchor and the edge

V7= 1A for anchors in cracked concrete with enentariedge- re afocement of a #4 
bar or greater betwe.n the anchor and the edge and with the .uppimentary edge 
reinforcement enclosed within stirrups spaced at not more than 4 in.  

To be cmsidered as supplementary reinforcement, the reinforcement shall be desizued to 
intcxrsct tOc concreto breakout failure smrface defined in B.5.2. 1.  

B.6.3-Concrete pryout strength of anchor In shear 

B.6.3.1-The nominal pryout strength, V 1., shall not exceed: 

Vcp =kcPNcb 
where 

kcp = 1.0for he<2.5in.  
kp = 2.0 for hd> 2.5 in.  
and Nb shall be determined from Eq. (B-4a), lb.  

B.7-Interactlon of tensile and shear forces 

Unless detdermned in accordance with 13.4.3, anchors or groups of anchors that are subjected to both shear and axial loads 
shall be designed to satisfy the requirements of B.7.1 through B.7.3. The value of ýN, shall be as defined in B.4.12 tfe 
M'anlest er fiestr fctqh OEth e eanzh, ia R5zAeaz. eeaue~tzlzzlcut rSngql e zff.iAef ifttcnziea, V~ra~ou theg c 

&izer fi(efn tcsiee, on d z-ld-ie ehz h ll-a Li s -- -- -. I h "azk Ef sht~i, ll be thc e sal! es E of th e steA s eungt Lb eEea h~ e 

h.1'I-IfV, < 0.24VW, then full strength in tension shall be pe-rittedi eNA_> N-.  

B.7.2--IfN.:5 0.4N.,, then full strength in shear shall be permit-ed: 4V,, Ž V,.  

B.73--If V, > 04.V. and N, > 0.4 N., then: 

+ <1.2 (B-22) 

B1.&--.equlred edge distances, spacings, and thicknesses to preclude splitting failure
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Minimum spacings and edge distances for anchors and minimum thicknesses of members shall oiform. to B.8.1 through 

B.8.6, unless tr nent reinforcement is provided to control splitting.  

13.8.1-Minimum center-to-center spacing of cast-in heided-anchors shall be 4d. for untorqued anchors and 6d. for I 
torqued anchors.  

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

B.3-Mfnimun edge distances for cast-in headed-anchors that will not be torqued shall satisfy the minimum cover 

requirements for reinforcement in 7.7. Minimum edge distances for cast-in headed-anchors that will be torqued shall be 

based on the greater of the minimum cover requirements for reinforcement in 7.7 oc 6".  

B.8.4-Minimum edge distances for post-installed anchors shall be based o the greater of the minimum cover 

requirements for reinforcement in 7.7 or 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.85-The value of lid for an expansion or tmdercut post-installed anchor shall not exceed the greater of either • of the 

member thidcmess or the member thidaiess less 4 in.  

B.8.6-Project drawings and project specifications shall specify use of anchors with a minimum edge distance as assumed 

in design.  

B.9-Instaflation of anchors 

B.9.l-Anchors shall be installed in accordance with the project drawings and project specifications and the requirements 

stipulated by the anchor manufacturer.  

B.9.2-The engineer shall establish an inspection program to veaify proper installation of the anchors.  

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 specialty Inserts 

B.10.1-The design strength of embedded structur"a shapes. fabricated shapes, and shear lugs shall be determined 

based on fully yieldea conditions, and using a 4 factor of 0.9 for tension, conipression and bending (and 

combinations thereof), and 0.55 for shear.  
1 

B.10.2-For structural shape- and fabricated steel sections, the web shall be designed for the shear and the flanges 

shall be designed for the tension, compression, and bznding.  

B.10.3-The nominal strength of specialty ianzz-; _shall Lx based on the 5%=oerc-t fractile of results of tests I 
performed and evaluated according to B.3. Embcdmcnt design shall be according to B.3 with strength reduction 

factors according to B.4.4.  

B.l1-Shear capacity of embedded plates and shear lugs 

B.11.1-General 

The shear strength of grouted or cast-in-place embedments Aith shear lugs shall include consideratio of the bearing 

strength of the concrete or grout placed against the shear lugs, the direct shear strength of the concrete or grout placed 

between shear lugs and the confinement afforded by the tension anchc-s in combinatioa 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.  

1l.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 f4 acting on an effectiver 

stress area defined by projecting a 45 degree plane from the bearing edges of the shear lug or base plate to the free surface.  

The bearing area of the sh=ar lug or plate edge shall be excluded from the projected area. -A- t-e.., gth ,-,, f.., e,,driu 

byahewef -,Thne 4 factor ,hall be. taken a, 0.85.  

B.113-Shear strength of embedments with embedded base plates 

For embedments having a basse plat whose contact surface is below the surfacm of the concrete, shear strength shall be 

calculated using the shear-friction provisions of 11.7 of-his-txde-(as modified by this se:tion), using the following shear- 

friction coefficients: 

Baseplate without shear lugs 0.9 

Base plate with shear lugs that is designed to remain .elastic 1.4 

The tension anchor steel area required to resist external loads shall be added to the tension anchor 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-of-this-cede. The use of peial gru ts, containing -epoxy or other binding media, or those used to achieve 

properties such as high strength, low shrinkage or expansio,ý-or early strength gain, shall be qualifie6d for use by 

the engineer and specifiedjn contract docaments.  

XA2.3-(-rouL-,d em.bedm6..ents shal! be tested to verify embedment strength. Grouted embedineats 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 a minimum of 100%Ocxrcent of the required strength. The testing program shall be established by 

the engineer.  

B.12.5-The tests required by B.12.3 and B.12.4 may be waived by the engineer if tests and installation data are 

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 - Anchorin2 to Concrete 

ACI 349 Appendix B was developed in the mid 1970s following review of design methods and available test data.  
Since that time therehas 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 AC 349-97 Appendix B.  

Evaluations of the methodology of AC 349 Appendix B and the Concrete Capacity Design Method are provided in 
References B.3 to B.6. These evaluations are based on the provisions included in the 1976, 1985, and 1997 
editions of Appendix B. This work and additional testing is described in Reference B.7. Comparisons between 
the methods are 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 (ACT 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 5 in. of 
embedment depth; the Concrete Capacity Design Method is more conservative for increased Embedment depth.  

" The concrete breakout strength is affected by the spacing to adjacent 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 otress area, A,., may be different in tension and shear. Reductions in cross section due 
to threading or an expansion mechanism affect the tension 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, ANSI/ASME B1.13 z defines A., as: 

A. ;r (d. 0 .97;43J
2 

where n, is the number of threads per in.  

eN = eccentricity of normal force on a group of anchors; the distmnce be•-we- tht resultant t-msion load on a 
group of anchors in tension. and the centroid of the areas of the group of anchors loaded in tension, in. [See 
Fig. RB.5.2(b and c)] 

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

Y, confinement factor (RB.11) 

RBA - Definitions
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Brittle steel element and Ductle steel element- The 14% clon ?ation shall be mea surcd over the gaue1Cngth 

stecified in the npopr~iate AS'TM standard for the steel.  

.,'n.t.ot..an.. za ... n .mh r ...... 5 percent fract5le -The determinaion of the coeffici nt K 

as.ociated with the 5 percent fractile. • - Kc. depends on the number of tes-,t n. used to comnpute 7c and cr.  

Values of K range, for example, from 1.645 for n = *o to 2.010 for n = 40, and 2.568 for n = 10.  

R1B.2 - Scope 

R•..2.1 - ACI 349 uses the term embedments to cover a broad scope'that includes anchors, embedded plates, shear 

lugs, grouted embedments, and specialty inserts. It cbvers the same oscoe as was included in the 1997 code.  

RB.2.3 - Typical cast-in headed studs and headed bolts with geometries consistent with ANSIIASME Bl.l,'S 

B18.2.1,- and B18.2.68 10 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.  

1UB.2.6 - Typical embedment configurations are shown in Fig. RB.ý2. and PB.2.2. These figures also indicate the 

extent of the embedment within thejurisdiction of this code.  

R3.3 - General requirements 

RB.3.1 - When the strength 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 stre-1sed and less stressed anchors. In this case, the 

theory of elasticity is resgited tbet4. 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 

from the netitral axis of the anchor group.  

If anchor stre~ngth is governedby ductile yielding of the anchor steel, significant redistribution of anchor forces can 

occur. In this case, an analysis e. ba`c C4.-the theory of elasticity will be conservative. References B.-1 to 

B.13 discuss nonlinear analysis, using the theory of plasticity for the determination of the capacities of ductile 

anchor groups.  

B3.3.3 - Many'anchors in a nuclear power plant must perform as designed with high confidence, even when 

exposed to significant seismic loads. To prevent unqualified anchors being used in con-nections whiich must 

perform with high confidence under significant seismic load, all anchors are required to be.qualifitd for seimi=C

zone usage by passing simulated seismic tests. The qualification should be-performed consistent with the 

provisions of this Appendix and should be reviewed by a professional engineer experienced in anchor tecl.nology.  

"T"pical simulated seismic-testing methods are described in Reference B.7. For 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 or that pullout failures'areprecluded by another failure 

mode. ACI 349 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 power 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 f.ncfdP. under impactive tensile loading in 

cracked concrete.  

RB.3.4 -The provisions of Appendix B are applicable to normalweight concrete. The design of anchors in heavy 

weight concrete should be based on testing for the specific heavy weight concrete.
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RB.3.5 - A limited number of tests of cast-in and post-installed anchors in high-strength COUCre= 1,14 indicate that 

the design procedures contained in this Appendix over predict strength, particularly for cast-in anchors, at f, > 

10,000 psi. Until further tests are available, an upper limit of f, = 10,000 psi hi,- beenwas imposed in the design 

of cast-in anchors. This is consistent with Chapters I I 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 te.stini is _tx-ford.ed 

RB.3.6.1 - The design provisions of ACI 349 Appendix B for anchors in nuclear power plants retain the 

philosophy of previous editions of ACI 349, by encouraging 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 ductile 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 strength 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 loads into the concrete. The ultimate shear strength of the steel is taken 

as 65 ý;_.•gt of the ultimate tensile strength. It is not necessary to develop an embedment 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 load is less than 20 

4 Lxcent of the full tension or shear capacity. This value of 20 %percent is consistent with the value of20 

-T4percr t used in the equation in B.7.  

An embedment may be considered subject to flexure only when the axial tension loads on the embedment ari less 

than 20 ner -n of the nominal strength in tension.  

RtB.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 amargin equivalent to that in B.3.6.1. B.3.6.2 is based on attachment yield 

strength, f4, whereas B3.6.i uses L, because attachments are trypically 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.3.63 -There are situations where a ductile-failure. mode cannot be achieved. Pre&ious editions of ACI349 

included specific provisions for commercially available, nonductile expansion anchors that were penalized by 

specifying a lower strength reduction factor. The current Appendix B includes more general provisions for 

anchors for which a ductile-failure mode cannot be achieved. Such situations can occur for anchors in shallow 

sia6s, close to edges or close to other anchors. The factor of 0.60 is specified to account for the lower margins 

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 %prc__._ in 2 in. This 

requirement is meant to ensure sufficient ductility in the embedment steel. The limit of l4-7Locrcent is b•e on 

ASTM A325"-'5 and A490P1 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 yield of the unreduced section will occur before 

failure of the reduced section. Shear failure can be affected significantly by reduced sections within 5 diameters of 

the shear plane (many wedge type anchors). In this case, tests for the evaluation of the shear capacity are required.  

Tests reported in Reference B.11 for a limited number of attachment types, steel strength, and diameters have 

shown that threaded anchors will exhibit sufficient ductility to redistribute tension and shear forces.
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RB.3.10 - The design provisions for impulsive and impactive loads in Appendix C may be used for embedments.  
Energy can be absorbed by deformation of anchors designed for ductile steel failure.  

R13.4 - General requirements for strength of structural anchors 

RB .4.1-This section provides the requirements for establishing the strength of anchors to cancrete. The various 
types of steel ahd concrete failure modes for anchors are shown in Figs. RB.4.1.(a) and RB.4.1.(b). Comprehensive 
discussions of anchor failure modes are included in References B. l, 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 
aceptable. The anchor strength is also dependent on the pullout strength of B.5.3,-the side-face blowout strength 
of B.5.4, and the minimum spacing and edge distances of B.8. The design of anchors for tension recognizes that 
the strength of anchors is sensitive to appropriate installation; installation requirements are included inB.9.  

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

PRB.4.2 and 4.3 - B.4.2 and B.A.3 establish the performance factors for which anchor design models are required 
to be verified. Many possible design approaches exist and the user is always permitted to design by test using B.4.2 
as long as sufficient data are available to verify the model.  

RB .4.2.1 - The addition of supplementary reinforcement in the direction of the load, confining reinforcement, or 
both, cýan greatly enhance the strength and ductility of the anchor connection. Such enhancement is practical with 
cast-in anchors such as those used in precast sectiotis.  

The shear strength of headed anchors located near the edge of a member can be significantly increased with 
appropriate supplementary einforcement. References B.17 to B.19 provide information on designing such 
reinforcement. Tbe effect of supplementary reinforcement is riot included in the concrete breakout calculation 
method of B.52 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'limitations of D.4.2..) for situaticns where geometric restrictions limitbreakout 
capacity, or both, reinforcement proportioned to resist thetotal load'oriented in the direction of load, within the 
breakout prism and fully anchored on both sides of the breakout planes, may be provided instead of calculating 
breakout capacity.  

The breakout strength of an unreinforced connectimn can be taken as an indication'of the load at which significant 
cracking will occur. Such cracking can represent a ser icability problem if not controlled (seeRB.6.2.1).  

RLB.4.2.2-Themethod for concrete breakout dssign included as considered to 'satisfy B.4.2 was developed from 
the Concrete Capacity Design (CCD) Miethod, P ' b' vhich was an adaptation of theit'Method., B.20 l' and is 

considered to be accurate, relatively eas'y to apply, and capable of extension to irregular'layouts. The CCD Method 
predicts the load-beaing capacity of an anchor or group of anc'hors by'using a basic equation for tension or for 

shear for a single anchor in cracked concrete, and muluplying by factors that account for the nuinber 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 r, Method. It is consistent with a 
breakout prism angle of approximately 35 degrees [Fig. RB.4.2 (a) and (b)].  

RB.4.4 -nThe 4 factors for steel strength are based on using f,, to determine the nominal strength of the anchor (see 
B.5.1 and B.6.1) rather thanf, as used in the design of reinforced concrete members. Although the4) factors for 

use withf,, appear low, they result in a level of safety consistent with the use of higher 4 factors applied tofy. The 

smaller 6 factors. for sh-or than for tension do not reflcct basvic material differences but rather account for the p...•..i~bi.1.t (gf_ a -nicm ditrbtinof shear in conniectioins with miultile anchors. Rtiszacceptabe to haveta 

ductile failure of a steel element in th. ttachmrnnt if the attachment i, designed so that it will undergo ductile 
._g...a load levelno greýater than 75 percent of the minimumndesis-,Tiý.trent'th oran anchor (Se B.3.6.2).  

The 4 factor ia-lo er-thanfor-aduetl t-t"eA~i.'e-for anchors governed by the more brittle concrete breakout or 

blowout failure is lower than for a ductile steel failure. Even though the 4) factor for plain concrete uses a value of 
0.65, the basic factor for brittle failures (4 = 0.75) has been chosen based on the results of probabilistic studies. B.' 
For anchoring to concrete, the use of 4) = 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 

ba-&d on-the 5 4__M_. fractiles. Thus, the ý = 0.65 value would be overly conservative. Comparison with other 
design procedures and probabilistic studies B 3 indicated that the choice of 4 = 0.75 was justified.  

RB.4.5 - Bearing strength 

RB.4-5.1- B.4.5.1 prohibits the engineer from combining shear strength of bearing (for example, a shear lug) 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 displacement incompatibility of these two independent and nonconcurrent mechanisms. Tests show 
that the relatively smaller displacements associated with the bearing mode preclude development of the shear
friction mode until after bearing mode failure-2- As described in RB.11.1, however, the confining forces afforded 
by the tension anchors in combination with other concurrent external loads acting across potential 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 
descxibed in ReferenceB22 rather than the general provisions of 10.15. The factor of 0.70. corresponds to that 
used for bearing on concrete in Chapter 9.  

IB-S - Design requirements for tensile loading 

RB-5.12 - The nominal tension strength of anchors is best represented by Af rather than Afj since typical 
anchor materials do not exhibit a well-defined yield point. The. American Institute cf St.el C'nstruction (AISC) 
has based tension strength of anchors on A,f,] since the 1986 edition of their specifications. The use of Eq. B-3 

with the load factors of Section 9.2 and the 6. factors of D.4.4 gives results consistent with the AISC Load and 
Resistance Factor Design Specifications.  
The limitation of 1.9f, onf, is to ensure that under service load conditions the anchor does not exceedfy. The limit 

onrf,,, of 1.9fy was dete-rmined by converting the LRFD provisions to corresponding service level conditions. For 
AC1 Section 9.2, the average load factor of 1.55 (from 1.4D+l.7L) divided by the highest 4 factor (0.8 for tension) 
results in a limit off,/f, of 1.5510.8 = 1.94. For consistent results the serviceability limitation off,, was taken as 
1.9fy. If the ratio offi, tofy exceeds this value, the anchoring may be subjected to service loads abovefy. Although 
not a concern for standard structural steel anchors (maximum value offJfy is 1.6 for ASTM A307), the limitation 
is applicable to some stainless steels.  

R1B.5.2 - Concrete breakout strength of anchor In tension 

P,_B.5.2.1 - The effects of multiple anchors, spacing of anchors, and edge distance on the nominal concrete 
breakout strength in tension are included by applying the modification factors ANIAv, and W2 in Eq. B-4.

349-21



Draft 10101/00 
Fig. RB.5.l (a) shows AN. and the development of Eq. (B-5). AYo is'the maximum projected area for a single 
anchor. Fig. RB.5.1 (b) shows examples of the projected areas for various singleo-anchor and multiple-anchor 
arrangements. Becaus-e A is the total projected area for a group of anchors, and Ay. is the area for a single 
anchor, there is no need to include n, the number of anchors, in Eq. (B-4a) or (B-4b). If anchor groups are 
positioned in such a way that their projected areas overlap, the value of Am is required to be reduced accordingly.  

RB.5.2.2 -The basic equation for anchor capacity was derived .I.B2 Bz l ,t assuming a concrete failure prism 
with an angle of about 35 degrees and considering fracture mechanics concepts.  

The values of k k(e're determined from a large database of test results in uncracked concrete 3.* ats the 5 4percen t 
fractile. The values were adjusted to corresponding k values for cracked concrete. B.2. 11* For anchors with a deep 
embedment depth (ht > 11 in.) some test evidence indicates using hW can be overly conservative in some cases.  

Often, such tests have been performed with selected aggregates for special applications. An alternative expression 
(Eq. B-6b) is provided using h,5t3 for evaluation of cast-in anchors with 11 in. < hd < 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 applications.' 

RB3..2.3 - For anchors influenced by three or more edges where any edge distance is less than 1.5 hr, the tensile 
breakout.strength computed by the ordinary CCD Method, which'isthe basis for En. (B-6), giv'e.'misleadintg 
results. This occurs because the ordinary definitions ofA)/AyM, do n& coirrctly reflect the edge effects. If the value 
of hr is limited to c.,•,1.5, where c. is the largest of the influencing edge distances that are less than or e4ual to 
the actual 1.Sdh, this problem is corrected. As shown by Lutz ,B this limiting value of bd 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 cas.. Fig. RB.5.2 (a) shows how 
the failure surface has the same area for any embedment depth beyond'the proposed limit on hb (taken as'h'd in the 
figure). In this example, the proposed limit on the value of h,= c~ l. tobe used in the computations reults in 

h =h',d= 4 inJl.5 =2.67 in. This would be the proper value to be used for ha in computing the resistance, for 
this example, even if the actual embedment depth is larger.  

RB.5.2.4 - Fig. RB.5.2 (b) shows dimension c' = eM for a group' of anchors that is in tension but that has a 
resultant force eccentric with respect to the centroid of the anchor group. Groups of anchors'dan be1oaded in such 
a way that only some of the anchors are in tension'[Fig. RB.5.2(c)]. In this case, only'the an•.hors in tension are to, 
be considered in determinrng e'. The anchor loading has to be determined as the resultant anchor tension at an" 

eccentricity with respect to the center of gravity of the anchors in tension. Eq. 3-7 is limited to cases where 
e' _< s/2 'to alert the designer that all anchors may notbe in tmsion.  

RB..5 .2.5 - If anchors are located close to an edge so that there is not enough space for a complete breakoutiprism 
to develop, the load-bearing capacity of the anchor is further reduced beyond that reflected in AtIAN.o. If the 
smallest side cover distance is greater than 1.5 hd, a complete prism can form and there is no reduction (Ti-2 = 1).  
If the side cover is less than 1.5 hd, the factor, -1'2, is required to adjustfor the edge effect.' 

SRB.5.2.6 - The analyses for cracking should consider all specified load combinations using unfactored loads, 
including the effects of restrained shrinkage.  

_R_-&- 35.-7--Anchors that perform well in a crack that is 0.012 in. wide are considered suitable for use in cracked 
concrete. If wider cracks are expected, confining reinforcement to control the crack width to about 0.012 in.  
should be provided.
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R13.5.2.9 - In the future, there are expected to be more expansion and undercut anchors that are to be calculated 

with the k-value for headed studs. Tests with one special undercut anchor have shown that this is possible.  

RB.5.3 - Pullout strength of anchor In tension 

RB3.5.3.3 - The pullout 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.B 17 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 beginning of a pullout failure.  

R33.5.4 - Concrete side-face blowout strength of anchor In tension 

The design requirements for side-face blowout are based on the recommendations of Feference B.26. Side-face 

blowout may control when the anchor is close to an edge (c<0.4 ha). 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.  

13B.6 - Design requirements for shear loading 

RB.6.1 - Steel strength of anchor In shear 

RB.6.1.2 - The nominal shear strength of anchors is best represented by A4,' for weldel4 headed stud anchors and 

0.6AJf for other anchors rather than a function of AJ,f since typical anchor materials do not exhibit a well

defined yield point. The Am..i.an Instis eee-of-Sie- .... . .. .. . s zý 
v.'cl',..bc i,•e ̂ , da .... ,- , jQ,. 4-t -~ he hr , z.d .--on-O-6Af. ine-s~ the 19,6 ediion ef their spesifi•nin.w fnThe use 

of Eqs. B-13 and B-14 with the load factors of Section 9.2 and the ý factors of B.4.4 gives results consistent with 

the AISC Load and Resistance Factor Design Specifications.  

The limitation of 1.9f., onf,t is to ensure that under service load conditions the anchor does not exceedfy. The limit 

on f,# of 1.9fy was determined by converting the LRFD provisions to corresponding ser-ice level on_.ditics as 

discussed in PB.5.1.2.  

13B.6.1.3 - The shear strength of a grou ted base plate is based on limited testing. It is recommended that the height 

of the grout pad not exceed two in.  

RB1.6.1.4 - The friction force which develops bte .:na the base plate and concrete due to the compressive resultant 

from moment and/or axial load contributes to the sh=ar strength of the connection. For as- rolled base plates 

installed against hardened concrete, the coefficient of friction is approximately 0AQ.B' 1 

If the frictional strength is larger than the appli.:d 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 absence of loads should satisfy Section 

9.2.3. Compressive resultants due to secondary loads should not be considered.
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RB.6.2 - Concrete breakout strength of anchor In shear 

PB.62.1 - The shear-strength equations were developed from the CCD method. They assume a bccakout cone 

angle of approximately 35 degrees [Fig.,RBA4.2 (b)] and consider fracture mechanics theory. The effects of 

multiple anchors, spacing of anchors1 edge distance and thickness of the concrete member on fiominal concrete 

breakout strength in shear are included by applying the reduction factor Av'Av, and Vs 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 (a) shows Av, and the development of Eq. (B-17). -Avo 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. Av approximates the full surface area of the breakout 'cone for the 

particular arrangement of anchors. Since Avis the total projected area for a group of anchors, and Av. is the area 

for a single anchor, there is no need to include the' humber of anchors in'the equation.  

The assumption shown in Fig. RB.6.2 (b) with the case for twb anchors perpendicular to the edge is a conservative 

interpretation of the distribution of the shear force on an elastic basis-:- If the unchors are welded to a common 

plate, when the anchor nearest the front edge begins to form a failure cone, shear load would be transferred to the 

stiffer and stronger rear anchor. For cases where nominal strength is not controlled by ductile steel elements, B.3.1 

specifies that load effects be determined by elastic analysis. It has been suggested in the PCI Design Handbook 

approach B17 that the increased capacity of the anchors away from the edge be considered. Because this is a 

reasonable approach, assuming that the anchors are spaced far .enough apart so that the shear failure surfaces do 

not intersetP'~ B.6.2 allows such a procedure. If the failure surfaces do not intersect, as would generally occur if 

&te anchor spacing, s, is equal to or greater than -1.5ct, then after forniation 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.6.2 (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 Rzference 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 iridepewne lycheck: independently the connection for each component of the shear force.  

Other specialized cases, such as the shear resistance of anchor groups where all anchors do not have the same 

edge distance, 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 governedby B.6.1 a B.6.3.  

The case of shear force parallel to an edge [B.6.2.1 (c)] is shown in Fig. RB.6.2 (c). A special case can arise with 

shear force parallel to the edge near a corner. Take texample of a sgle anchor near a corner [Fig. B.6.-(d)].  

If the edge distance to the side c2 is 40 fpercent or more of the distance cin the direction of the load, the shear 

strength parallel to that edge can be computed directly from Eq. B-16 using clin: the direction of the load.  

RB.6.2.2 - Like the concrete breakout tensile capacity, the concrete breakout shear strength does not increase with 

the failure surface, which is proportional to c2. Instead, the strength increases proportionally to ci, due to the 

size effect. The capacity is also influenced by the anchor stiffness and the anchor diameter. BA.B.2,B.i..21 

The constant 7 in the shear strength equation was determined from test data reported in Reference B.1 azts the 5 1 

pp r Efractile adjusted for cracking.
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RB.6.2-3 - For the special case of cast-in headed bolts rigidly welded to an attachment, test data ,-lB9 show that 

somewhat higher shear capacity exists, possibly due to the stiff welding connection damping 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 ensuresufficient rigidity. The design of supplementaryreinforcefment 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 l5c1, 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 K Method BM and the problem was pointed out by Lutz. B 

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/l.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 tension in the anchors, 

depending on the normal force. Fig. RB.6.2 (e) defines the term c' for calculating the "s modification factor that 

accounts for the fact that more shear is applied on one anchor than the other, tending to split the concrete near an 

edge. If e' > s/2, the CCD procedure is not applicable.  

I1B. 6.2.6 -Fig. fl&2 ltews [ho dimensin&et~'-~e~ti~ 

R1.6.2.7 - 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 appropriate for hbfless than 2.5 in.  

RB.7 - Interaction of tensile and shear forces 

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

N + C _.,.1 

where ca varies from 1 to 2.  

The current tri-linear recommendation is a simplification of the expression where a = 5/3 (Fig. RB.7). The limits 

were chosen to eliminate the requirement for computation of interaction effects wherevery small values of the 

second force are present- Any other interaction expression that is veYrified by test data, however, can be used under 

B.4.3.  

RB.8 - Required edge distances, spacings, and thicknesses to preclude splitting failure 

The minimum spacings, edge distances, and thicknesses are very dependent 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 ofpost-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 ofprcduct-specific test information, at the design stage the minimum cen e--it spacing for 

post-installedanchors maylbe taken as 6d,.  

RB.8.3 -The edge cover over a deep embedment close to the edge can have a significant effect on the sidt-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 product-specfc test information, at the design stage the minimum edge distance may be taken 

as not less than: 

Undercut anchors 6d• 

Torque-controlled expansion anchocs 

Deformation-controlled expansion anchors lod.  

If these values are used in design, the project drawings and project specifications should specify use of anchors withx 

minimum center-to-Center spacing and edge distance as assumed in design.  

hMaded anchors close to an edge are permitted to be- torqued to 60 -peia of the design strength.  

B.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 mnicrocracking.  

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

RB.11.1 - Shear lugs 

The code requirements for the design of shear lugs arc based on testing reported in Reference B.22. This testing 

confirmed that shear lugs arc effective with axial compression 'nd tension loads on the embedmeat, and that the 

strength is increased due to the confinement affoided by the tension anchors in combination with externgal loads.  

The shear strength of the embedment is the sum of the bearing strength and the strength due to confinement

nTh tests also reveal ed two distin ct response modes: 

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

on concrete or grout augmented by shear resistance from'cohfinement effects associated with tension anchors 

and external concurrent axial loads, and 

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

The embedments first respond in the bearing mode and then progreis into the shear-friction mode subsequent to 

formation of final fracture planes in the concrete in front of the sheir lugs or base plate edge.  

The bearing strength of single shear lugs bearing on concrete is defined in B.4.5. For multiple lugs, the shear 

strength should not exceed the shear strength betweeAi 'shear lugs as defined by a shear planebetween the shear 

lugs as shown in Fig. RB.11-1 and a shear stress limited to 100q5 4X with ý equal to 0.85.
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The anchorage shear strength due to confinement can be taken as ýK^(K, - Ps), with f equal to 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 on the 

anchorage. (P. is positive for tension and negative for compression.). This considers the effect of the tension 

anchors and external loads acting across the initial shear fracture planes (see Fig. RB.11-1). When 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: 

K, = 1.6 for inset base plates without shear lugs or for anchorage with multiple shear lugs of height, h, 

and spacing, s, (clear distance face-to-face between shear lugs) less than or equal to 0.13 h Ff.  

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 hjF.  

These values of confinement factor, K,, are based on the analysis of test data. The different K, 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 utiied 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 plato 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 lugs) 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 shouldbe evaluated for the 

embedment shear at each shear lug. 

RB.11.3 - Shear strength of embedrments with embedded base plates 

The coefficient of 1.4 for embedments with shear lugs reflects concrete-to-concrete fiction afforded by 

confinement of concrete between the shear lug(s) and the base plate (postbaring 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 con firmed by tests discussed in Reference B.22.  

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

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

Design Method (included in this edition of ACI 349) against those calculated in accordance with the previous 

provision of ACI 349 Appendix B (ACI 349-97).  

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

Fig. RB.13-Ishows the concrete breakout strength of a single anchor in tension (T3 Nb) in concrete with a 

compressive strength of 4000 psi. The CCD method in cracked concrete is from Eq. B-6a of the code with k-=24
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"x a headed stud. This is increased by T3 = 1.25.for the strength of uncracked concrete. The ACT 349-97 strength 

dependent on the head diameter and is shown for head diameters of the stud equal to 10%__.n__t and 

.- p, _cent 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 

kesign strengths. For the CCD method, the cracked and uncracked breakout strengths are multiplied by the 

;trength 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.4.4.1, when 

Jetermining if an anchor is ductile. For ACI 349-97, design strengths are shown for strength reduction factors of 

3.65 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 PB.13-1 show a significant ireduction in strength for larger 

embedment depths. This is due to the exponent on embedment depth arid is discussed in Reference B.1.  

Committee 349 reviewed the test data and concluded that the exponent of 2 was unconservative. An exponent of 

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

greater depths.  

ACI 349-97 gives lower strengths for shallow embedments up to a depth of about 5 in. than the CCD method. ACIT 

349-97 becomes progressively less conservative than 'the CCDImethod as the embedment depth increases.  

PB.13.2 - Concrete breakout strength of a single expansion anchor In tension 

The concrete breakout strength of a single expansion anchor in tension in uncracked concrete is about 20%91t 

lower than that of a headed stud (k T3 = 17 x 1.4 = 24 versus 24 x 1.25= 30). In ACT 349-97, the difference was 

about lo10nerccnt since the strength of headed studs included the diameter of the head. Test data show a larger 

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

The concrete breakout strength 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 strength 

as headed studs in both uncracked and cracked concrete.  

RB .13.3 - Concrete breakout strength of an ancfior group 

The breakout strength calculations in the CCD method are based on a breakout prism angle of 35_degrees instead 

ofthe 45 de greecone in ACT 349-97. Fig. PB.13-2 shows the ratio of the concretebreakout 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 strength is affecvihen'the spacing is less than three times the 

embedment depth; for ACT 349-97, the strength is affected when the spacing is less than wice the embedment 

depth plus head radius. The CCD method redu'ces the strength by a maximum of about 30 qoncrcent.  

PB.13.4 - Concrete breakout strength of a single headed stud In tension close to an edge 

Fig. P.B.13-3 shows the ratio of the concrete breakout strength of a headed stud close to an edge to that of a single 

headed stud away from the edge (T2A,/AV ) as a function of the edge distance. This calculation uses theprojected 

area of the 35 degree prism for the CCID method and of a 45 degree cone for ACI 349-97. The CCD method has 

an additional reduction factor, T2, to adjust for the edge effecL 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 corner with 

edge distance, C,,i,, to two edges.  

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 strength of a group of four headed studs cos to an edge to 

hat of the same anchor group away from the edge as a function of the edge distance, C,,. The ratio is influenced 

iy the spacing of the anchors and this figure applies to four headed studs with embedment depth of 6 in., spacing 

f 6 in. and head diameter of 0.6 in. The figure also shows similar ratios for the anchor group close to a corer 

vith edge distance, C,,^,, to two edges.  
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TABLE RiB.13-1 

CONCRETE BREAKOUT STRENGTH OF A SINGLE HEADED STUD 
(Concrete Strength = 4000 psi)

,-•xr~v-r• AWOt~CTrT" NOMINAL STRENGTH (Cr) = 1.0) (Kips)

Embedment De

4ff 

8" 

12" 

Embedment De 

4"? 

8" 

12"

pt 349- xx 349-97 

Cracked Uncracked d, = 0.1 ba 

K = 24116* K=24/16* 

Vr3 = 1.0 W3 = 1.25 

12.1 15.2 14.0 

34.3 42.9 56.0 

63.6* 80.0* 125.9 

CONCRETE BREAKOUT DESIGN STRENGTH (Kips) 

349- 349-97 

4=0.85 0=0.85 0=0.65 =0.85 

10.3 12.9 9.1 11.9 

29.2 36.5 36.4 47.6 

54.1* 67.6* 81.8 107.0

The strength for embedment depths of 4' and 8" is calculated using equation B-7a; the strength for the 

embedment depth of 12" is calculated using equation B-7b.
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METRIC VERSIO1Nl 

13.0 Change units as follows: in. shall be mm; in.2 shall be riný2; psi shall be MPa; lb shall be N.  

B3.1 Change 2 in. to 50 mm.  
13.3.5 Change 10,000 psi to 70 MPa and change 8000 psi to 55 tPa.  

13.4.2.2 Change 2 in. to 50 mm and change 25 in. to 625 mm.  

B.5.1.2 Change 125,000 psi to 860 MPa.  
B.5.2.2 Changek = 24 to k= 10, changek= 17 to k= 7, change k= 16 to k= 6.7, change iI in. to 280 rm, 

and change 25 in. to 635 mm.  
B3.5.4.1 In Equation B-11, change 160 to 13.3.  

13.6.1.2 Change 125,000 psi to 860 MPa.  
13.6.2.2 In Equation B-18a, change 7 to 0.6.  
B.6.2.3 Change 3/8 in. to 10 mm.  
13.6.2.3 In Equation B-18b, change 8 to 0.66.  

13.6.2.7 Change #4 to #13 and 4 in. to 100 mm.  

B.6.3.1 Change 2.5 in. to 65 mum.  
B.M.5 Change 4 in. to 100 mm.  
RB.5.2.2 Change 11 in. to 280 mm, change 25 in. to 635 mm.  

RB.5.2.3 Change 4 in. to 100 mm; cbange 2.67 in. to 67 mm.  

RB.5.2.7 Change 0.012 in. to 0.3 mm.  
11B.6.2.2 Change "constant7" to "constant 0.6." 

RB.6.3 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 mum.
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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 
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Inclinometer Diagram for Boring PC-i, January 2001 to September 2002
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Figure RAI 2-17-5 
Section View Showing the Maximum Displacement in the Inclinometer with 
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CASK TRANSPORTER COMPONENTS
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CASK TRANSPORTER CARRYING A HI-TRAC TRANSFER CASK 
(HORIZONTAL LIFT RIG NOT SHOWN)
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CASK TRANSPORTER CARRYING A HI-STORM OVERPACK
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CONCEPTUAL DETAILS OF THE CASK TRANSPORTER STRAP AND BUMPER SYSTEM
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CLOSEUP OF THE OVERHEAD BEAM


