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Cumulative Absolute Velocity
• The CAV parameter was studied in EPRI Report NP-5930, “A Criterion for 

Determining Exceedance of the Operating Basis Earthquake”, July 1988, as 
a measure of the damage potential of earthquake ground motion.

• The computational procedure for determination of a CAV value associated 
with a given earthquake acceleration record was standardized in EPRI 
Report TR-100082, “Standardization of the Cumulative Absolute Velocity”, 
December, 1991

• The CAV is the integral of the absolute value of the acceleration, ∫adt. 
Although named the “Cumulative Absolute Velocity,” the CAV is not directly 
related to the ground motion velocity (integral of acceleration), but it does 
have units of velocity (g-s).
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Standardized CAV Determination
• An acceleration time history is first fully rectified, i.e., ai(t) = |ai(t)|
• Then each 1 second interval of the time history is examined for the threshold 

value exceedance,  ai(t) > 0.025g
• If the threshold value is exceeded at any time during that 1 second interval, 

then the area under the rectified time history is computed for that interval
• The sum of all such interval areas that have a threshold exceedance of 

0.025g is defined as the CAV value, or

CAV(t) =                            

where Si= 0 for |a| < 0.025g and Si =1 for |a| ≥ 0.025g
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Use of CAV

• TR-100082 studied 177 records and determined that the minimum 
standardized CAV value (CAVSTD) associated with a site intensity MMI VII 
(defined as the threshold of damage) was 0.16 g-sec.

• This value was incorporated into RG 1.66 as part of the criteria to determine 
if the OBE had been exceeded at any plant site experiencing an earthquake

(Brief introduction to the Modified Mercalli Intensity (MMI) Scale in the next slides)



© Ringhals ABConfidentiality: C2 - Internal

Modified Mercalli Intensity (MMI) Scale

• MMI scale was developed in 1931 by the American seismologists
Harry Wood and Frank Neumann

• The MMI scale describes the intensity of an earthquake based on its 
observed effects, while e.g. the Richter scale describes the 
earthquake magnitude by measuring the seismic waves generated by 
an earthquake.

• The MMI scale is a 12-grade scale (I-XII) currently used in the US.
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TR-100082 Results
Standardized CAV
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CAV = 0.16 g-sec

Damage to Power Facility
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Sheet1

		Values from TR-1000082

		Table 3-1

		Rec		Is		Time		CAV		Arias		T1		CAV1		Arias1		T2		CAV2		Arias2		T3		CAV3		Arias3

		1		8		89		1.239		0.0703		43		1.102		0.0696		36		1.054		0.0691		28		0.98		0.068				0.16

		2		7		54		0.889		0.0369		45		0.846		0.0366		40		0.814		0.0363		35		0.771		0.035

		3		6		39		0.661		0.0256		33		0.632		0.0253		29		0.604		0.0251		22		0.541		0.024

		4		8		23		0.835		0.0604		23		0.834		0.0604		23		0.834		0.0604		22		0.824		0.06				0.16

		5		9		41		1.995		0.5261		34		1.965		0.5259		30		1.944		0.5257		28		1.926		0.525

		6		7		79		0.743		0.0402		29		0.623		0.0396		22		0.582		0.0392		19		0.559		0.038				0.16

		7		7		39		0.973		0.1076		31		0.934		0.1073		26		0.906		0.107		21		0.868		0.106

		8		7		29		0.783		0.0797		18		0.733		0.0794		18		0.733		0.0794		16		0.715		0.079

		9		7		26		0.384		0.0186		17		0.339		0.0183		11		0.296		0.0178		11		0.296		0.017

		10		7		43		0.893		0.1131		27		0.839		0.1128		22		0.8		0.1124		20		0.786		0.112

		11		5		11		0.082		0.0028		5		0.064		0.0027		4		0.059		0.0027		3		0.054		0.002

		12		6		23		0.327		0.0413		10		0.298		0.0411		9		0.293		0.0411		7		0.277		0.04				0.16

		13		6		21		0.129		0.0052		8		0.104		0.0051		7		0.098		0.005		5		0.084		0.004

		14		6		21		0.125		0.0028		6		0.083		0.0026		5		0.075		0.0025		5		0.075		0.002

		15		3		37		0.284		0.0083		14		0.23		0.008		11		0.21		0.0078		9		0.192		0.007

		16		3		38		0.313		0.0121		15		0.265		0.0119		12		0.244		0.0117		10		0.229		0.011

		17		4		44		0.332		0.0146		13		0.282		0.0144		12		0.276		0.0144		11		0.266		0.014				0.16

		18		4		44		0.279		0.008		14		0.235		0.0079		11		0.214		0.0077		11		0.214		0.007

		19		4		23		0.22		0.0067		12		0.187		0.0065		10		0.174		0.0064		9		0.168		0.006

		20		4		23		0.169		0.0046		10		0.139		0.0044		10		0.139		0.0044		7		0.118		0.004

		21		6		29		0.227		0.0083		13		0.188		0.0082		11		0.174		0.008		7		0.142		0.007

		22		6		29		0.245		0.0079		12		0.201		0.0076		10		0.186		0.0075		9		0.18		0.007

		23		5		47		0.447		0.0314		15		0.372		0.0311		13		0.359		0.0309		12		0.352		0.03				0.16

		24		6		45		1.084		0.13		25		1.013		0.1296		22		0.998		0.1294		22		0.998		0.129

		25		6		45		1.068		0.1025		29		1.012		0.1022		25		0.986		0.1019		23		0.966		0.101

		26		6		68		0.172		0.006		7		0.104		0.0058		6		0.098		0.0058		4		0.083		0.005

		27		6		68		0.127		0.0015		5		0.049		0.0012		1		0.022		0.0009		1		0.022		0

		28		5		16		0.083		0.0023		4		0.05		0.0022		3		0.045		0.0021		3		0.045		0.002

		29		5		16		0.074		0.0013		4		0.039		0.0012		3		0.034		0.0011		3		0.034		0.001

		30		7		14		1.01		0.2332		14		0.996		0.2325		14		0.996		0.2325		14		0.996		0.232

		31		7		14		0.613		0.0719		14		0.606		0.0717		14		0.606		0.0717		14		0.606		0.071

		32		5		19		0.118		0.0058		5		0.086		0.0057		5		0.086		0.0057		4		0.08		0.005

		33		5		19		0.101		0.0022		6		0.069		0.0021		4		0.06		0.002		3		0.052		0.001

		34		5		4		0.123		0.0193		4		0.123		0.0193		4		0.123		0.0193		4		0.123		0.019

		35		5		17		0.108		0.006		6		0.08		0.0059		4		0.073		0.0059		4		0.073		0.005

		36		4		7		0.063		0.0027		5		0.055		0.0026		4		0.052		0.0026		2		0.043		0.002

		37		4		7		0.1		0.0101		6		0.095		0.0101		5		0.091		0.0101		3		0.08		0.01

		38		4		8		0.075		0.004		3		0.062		0.0039		3		0.062		0.0039		3		0.062		0.003

		39		4		4		0.106		0.0145		4		0.103		0.0145		4		0.103		0.0145		4		0.103		0.014

		40		4		8		0.094		0.0073		5		0.085		0.0072		3		0.079		0.0072		2		0.073		0.007

		41		4		4		0.095		0.0088		4		0.091		0.0088		4		0.091		0.0088		4		0.091		0.008

		42		3		2		0.026		0.0021		1		0.024		0.0021		1		0.024		0.0021		1		0.024		0.002

		43		3		2		0.024		0.0018		1		0.022		0.0018		1		0.022		0.0018		1		0.022		0.001

		44		3		3		0.047		0.0062		1		0.041		0.0062		1		0.041		0.0062		1		0.041		0.006

		45		3		3		0.047		0.0055		2		0.045		0.0055		1		0.042		0.0055		1		0.042		0.005

		46		8		20		0.809		0.1457		18		0.795		0.1456		18		0.795		0.1456		16		0.777		0.145

		47		8		20		0.599		0.0709		16		0.575		0.0707		12		0.543		0.0703		12		0.543		0.07

		48		6		39		0.088		0.0018		4		0.051		0.0016		3		0.044		0.0016		2		0.039		0.001

		49		6		39		0.113		0.0031		5		0.072		0.003		4		0.065		0.0029		2		0.054		0.002

		50		6		86		0.117		0.0009		3		0.03		0.0006		2		0.024		0.0005		1		0.017		0

		51		6		86		0.107		0.0008		1		0.017		0.0005		1		0.017		0.0005		1		0.017		0

		52		7		56		0.319		0.0109		13		0.217		0.0105		9		0.193		0.0102		7		0.177		0.01

		53		7		56		0.347		0.0111		14		0.258		0.0107		10		0.232		0.0104		8		0.211		0.01

		54		4		30		0.053		0.0003		2		0.011		0.0001		1		0.007		0.0001		1		0.007		0

		55		4		30		0.049		0.0002		2		0.012		0.0001		1		0.007		0.0001		1		0.007		0

		56		2		55		0.032		0.0001		0		0		0		0		0		0		0		0		0

		57		2		55		0.035		0.0001		0		0		0		0		0		0		0		0		0

		58		1		76		0.074		0.0004		3		0.02		0.0003		2		0.015		0.0002		1		0.01		0

		59		1		76		0.084		0.0006		2		0.017		0.0003		1		0.012		0.0003		1		0.012		0

		60		4		68		0.061		0.0002		1		0.006		0.0001		1		0.006		0.0001		1		0.006		0

		61		4		68		0.071		0.0003		1		0.007		0.0001		0		0		0		0		0		0

		62		3		48		0.045		0.0001		0		0		0		0		0		0		0		0		0

		63		3		48		0.03		0		0		0		0		0		0		0		0		0		0

		64		6		41		0.167		0.0023		12		0.11		0.0021		8		0.089		0.0019		6		0.07		0.001

		65		6		43		0.174		0.0022		11		0.098		0.0019		7		0.077		0.0017		5		0.063		0.001

		66		5		61		0.102		0.0004		0		0		0		0		0		0		0		0		0

		67		5		61		0.108		0.0004		2		0.01		0.0001		0		0		0		0		0		0

		68		5		20		0.169		0.0044		10		0.132		0.0042		7		0.114		0.0041		5		0.096		0.003

		69		5		20		0.121		0.0017		10		0.091		0.0016		7		0.072		0.0014		6		0.067		0.001

		70		7		72		0.435		0.0165		17		0.315		0.0159		13		0.286		0.0156		12		0.278		0.015

		71		7		72		0.413		0.014		16		0.291		0.0134		14		0.276		0.0133		13		0.265		0.013

		198		6		40		1.006		0.2068		28		0.967		0.2066		21		0.918		0.206		17		0.882		0.205

		199		6		40		0.959		0.2243		25		0.91		0.224		20		0.877		0.2236		16		0.847		0.223

		200		8		53		1.401		0.1138		44		1.355		0.1134		38		1.316		0.113		35		1.298		0.112

		201		8		53		1.305		0.0807		43		1.246		0.0802		34		1.185		0.0796		32		1.17		0.079

		202		7		55		0.42		0.0091		31		0.353		0.0088		25		0.326		0.0085		19		0.284		0.008

		203		7		55		0.402		0.0082		32		0.338		0.0078		27		0.308		0.0075		21		0.267		0.007

		204		6		16		0.176		0.0083		7		0.151		0.0082		5		0.14		0.0081		4		0.134		0.008

		205		6		16		0.158		0.009		5		0.129		0.0089		5		0.129		0.0089		4		0.122		0.008

		206		6		38		0.09		0.0019		4		0.051		0.0017		3		0.046		0.0017		3		0.046		0.001

		207		6		38		0.076		0.0009		2		0.028		0.0008		2		0.028		0.0008		2		0.028		0

		208		6		10		0.064		0.0014		3		0.047		0.0013		3		0.047		0.0013		3		0.047		0.001

		209		6		10		0.065		0.0015		4		0.052		0.0014		3		0.047		0.0014		3		0.047		0.001

		210		6		29		0.146		0.0038		5		0.083		0.0035		4		0.076		0.0034		3		0.07		0.003

		211		6		29		0.146		0.0024		7		0.082		0.002		3		0.056		0.0018		3		0.056		0.001

		212		6		42		0.119		0.0014		8		0.077		0.0013		6		0.063		0.0012		6		0.063		0.001

		213		6		42		0.117		0.0013		8		0.076		0.0012		6		0.062		0.001		3		0.034		0

		214		10		29		2.806		0.6462		28		2.799		0.6461		27		2.796		0.6461		27		2.796		0.646				0.16

		215		10		29		2.708		0.596		28		2.703		0.5959		27		2.698		0.5959		26		2.693		0.595

		216		3		40		0.13		0.0017		7		0.062		0.0014		7		0.062		0.0014		4		0.042		0.001

		217		3		40		0.146		0.0018		9		0.075		0.0014		6		0.06		0.0013		5		0.053		0.001

		218		6		97		1.552		0.0613		77		1.476		0.0608		70		1.438		0.0604		64		1.395		0.059

		219		6		97		1.799		0.0879		80		1.742		0.0876		75		1.713		0.0873		70		1.676		0.086

		220		7		97		1.972		0.1054		84		1.918		0.105		70		1.833		0.1041		69		1.826		0.104

		221		6		60		0.72		0.0565		24		0.656		0.0563		20		0.63		0.056		18		0.613		0.055

		222		6		60		0.636		0.0282		24		0.556		0.0278		21		0.537		0.0276		18		0.513		0.027

		223		6		60		1.106		0.2501		22		1.031		0.2498		20		1.018		0.2497		16		0.988		0.249

		224		6		60		0.979		0.1881		19		0.898		0.1878		15		0.872		0.1875		14		0.865		0.187

		225		6		65		0.97		0.0755		34		0.849		0.0747		28		0.804		0.0742		21		0.744		0.073

		226		6		65		0.833		0.0487		30		0.72		0.048		24		0.675		0.0475		18		0.63		0.046

		227		7		74		3.048		0.7041		67		3.026		0.7039		60		2.988		0.7036		53		2.933		0.703

		228		7		64		0.893		0.0267		52		0.85		0.0264		48		0.823		0.0262		41		0.757		0.025

		229		7		64		0.74		0.0179		52		0.695		0.0176		46		0.657		0.0172		41		0.613		0.016

		230		9		163		2.348		0.0851		86		2.031		0.0831		67		1.829		0.0804		55		1.669		0.077				0.16

		231		9		163		2.768		0.1583		81		2.381		0.1556		66		2.223		0.1535		50		2.031		0.15

		232		5		60		0.366		0.004		21		0.21		0.003		9		0.103		0.0017		7		0.084		0.001

		233		5		60		0.372		0.0045		22		0.233		0.0036		8		0.105		0.002		4		0.062		0.001

		234		6		42		0.272		0.0039		20		0.201		0.0035		16		0.177		0.0033		11		0.134		0.002

		235		6		42		0.273		0.0038		19		0.189		0.0033		13		0.151		0.003		9		0.119		0.002

		236		8		37		0.867		0.0975		27		0.824		0.0972		23		0.797		0.097		20		0.768		0.096

		237		8		37		0.897		0.1037		27		0.858		0.1035		24		0.837		0.1033		22		0.821		0.103

		238		8		39		1.025		0.1375		30		0.992		0.1373		25		0.965		0.137		21		0.935		0.136

		239		8		39		1.017		0.1123		32		0.983		0.1121		26		0.944		0.1117		21		0.906		0.111

		240		8		37		0.7		0.0371		29		0.664		0.0368		22		0.617		0.0363		20		0.602		0.036

		241		8		37		0.727		0.045		31		0.703		0.0448		22		0.636		0.0441		20		0.621		0.043

		242		6		23		0.121		0.0022		8		0.087		0.0021		6		0.076		0.002		4		0.06		0.001

		243		6		17		0.099		0.0021		6		0.073		0.002		4		0.058		0.0018		4		0.058		0.001

		244		5		15		0.042		0.0006		2		0.018		0.0005		2		0.018		0.0005		2		0.018		0

		245		5		15		0.037		0.0002		4		0.019		0.0002		0		0		0		0		0		0

		246		5		29		0.246		0.0069		14		0.206		0.0067		12		0.192		0.0065		11		0.184		0.006

		247		5		29		0.248		0.0068		13		0.204		0.0066		10		0.184		0.0064		9		0.177		0.006

		248		3		11		0.026		0.0001		1		0.006		0.Q001		1		0.006		0.0001		1		0.006		0

		249		3		12		0.04		0.0004		3		0.022		0.0003		2		0.019		0.0003		1		0.013		0

		250		2		24		0.205		0.01		11		0.179		0.0099		7		0.154		0.0096		6		0.147		0.009

		251		2		24		0.179		0.0076		9		0.138		0.0074		8		0.133		0.0074		7		0.124		0.007

		252		5		16		0.029		0.0001		1		0.005		0.0001		1		0.005		0.0001		0		0		0

		253		5		16		0.036		0.0001		0		0		0		0		0		0		0		0		0

		254		6		11		0.073		0.0037		3		0.052		0.0036		3		0.052		0.0036		3		0.052		0.003

		255		6		10		0.051		0.0013		2		0.031		0.0012		2		0.031		0.0012		2		0.031		0.001

		256		5		14		0.159		0.0092		7		0.141		0.0091		6		0.134		0.009		5		0.125		0.008

		257		5		14		0.192		0.0185		8		0.177		0.0185		6		0.165		0.0183		5		0.157		0.018

		258		7		20		0.463		0.0445		20		0.463		0.0445		20		0.463		0.0445		18		0.448		0.044

		259		7		20		0.363		0.0212		20		0.363		0.0212		18		0.351		0.0211		14		0.327		0.02

		260		7		26		0.518		0.0223		25		0.505		0.0222		23		0.491		0.022		21		0.473		0.021

		261		7		26		0.511		0.0218		25		0.5		0.0217		20		0.464		0.0213		18		0.444		0.021

		262		7		25		0.529		0.0585		17		0.502		0.0584		16		0.496		0.0583		15		0.489		0.058

		263		7		25		0.351		0.0201		17		0.327		0.02		16		0.323		0.0199		11		0.287		0.019

		264		6		9		0.07		0.0055		3		0.059		0.0055		2		0.053		0.0055		2		0.053		0.005

		265		6		9		0.071		0.0064		3		0.059		0.0063		2		0.055		0.0063		2		0.055		0.006

		266		9		20		1.308		0.3001		20		1.305		0.3001		20		1.305		0.3001		18		1.291		0.299

		267		9		20		1.283		0.2621		20		1.28		0.2621		20		1.28		0.2621		20		1.28		0.262

		268		9		18		0.703		0.068		18		0.695		0.0679		18		0.695		0.0679		18		0.695		0.067

		269		9		18		0.679		0.0644		18		0.671		0.0643		18		0.671		0.0643		18		0.671		0.064

		270		5		19		0.493		0.0271		19		0.493		0.027		19		0.493		0.027		19		0.493		0.027

		271		5		19		0.462		0.0239		19		0.461		0.0239		19		0.461		0.0239		19		0.461		0.023

		272		6		10		0.118		0.0051		6		0.104		0.005		6		0.104		0.005		6		0.104		0.005

		273		6		10		0.097		0.0023		7		0.086		0.0022		6		0.082		0.0022		6		0.082		0.002

		274		6		9		0.079		0.0019		8		0.073		0.0018		6		0.064		0.0017		5		0.06		0.001

		275		6		9		0.069		0.0015		6		0.057		0.0015		6		0.057		0.0015		4		0.048		0.001

		276		6		40		1.058		0.1571		33		1.027		0.1568		29		1.003		0.1566		21		0.93		0.155

		277		6		40		0.991		0.1256		34		0.971		0.1255		28		0.932		0.1251		27		0.922		0.125

		278		7		40		0.603		0.0567		18		0.54		0.0564		15		0.523		0.0562		14		0.514		0.056

		279		7		40		0.566		0.0524		17		0.507		0.0521		16		0.502		0.0521		13		0.479		0.051

		280		7		40		0.362		0.0194		16		0.306		0.0192		15		0.303		0.0191		14		0.295		0.019

		281		7		40		0.28		0.0084		16		0.219		0.0081		13		0.202		0.0079		8		0.166		0.007

		282		7		40		0.752		0.0819		23		0.69		0.0815		20		0.671		0.0813		17		0.649		0.081

		283		7		40		0.722		0.0678		24		0.667		0.0675		20		0.649		0.0673		19		0.642		0.067

		284		7		40		0.3		0.012		15		0.241		0.0117		11		0.215		0.0115		10		0.207		0.011

		285		7		40		0.39		0.0259		15		0.336		0.0256		14		0.331		0.0256		12		0.314		0.025

		286		7		40		0.407		0.0151		21		0.35		0.0148		15		0.309		0.0143		13		0.292		0.014

		287		7		40		0.475		0.0279		21		0.408		0.0275		18		0.388		0.0273		14		0.357		0.026

		288		5		40		0.345		0.0165		16		0.298		0.0163		15		0.294		0.0162		11		0.266		0.015

		289		5		40		0.253		0.0085		16		0.21		0.0083		14		0.201		0.0082		12		0.19		0.008

		290		6		40		0.572		0.0567		24		0.527		0.0565		20		0.502		0.0562		14		0.461		0.055

		291		6		40		0.463		0.0299		16		0.386		0.0295		15		0.38		0.0294		14		0.373		0.029

		292		6		40		0.36		0.0103		21		0.311		0.0101		15		0.271		0.0097		13		0.257		0.009

		293		6		40		0.401		0.0167		21		0.346		0.0164		18		0.329		0.0162		12		0.284		0.015

		294		6		40		0.433		0.0219		22		0.371		0.0215		17		0.342		0.0212		13		0.31		0.02

		295		6		40		0.466		0.0323		22		0.407		0.032		14		0.361		0.0315		13		0.353		0.031

		296		6		40		0.454		0.0239		20		0.383		0.0235		16		0.361		0.0232		12		0.328		0.022

		297		6		40		0.395		0.0168		20		0.331		0.0164		18		0.317		0.0162		14		0.284		0.015

		298		6		40		0.458		0.0173		22		0.391		0.0169		19		0.37		0.0167		17		0.355		0.016

		299		6		40		0.422		0.0147		22		0.358		0.0143		17		0.329		0.0141		16		0.32		0.014

		300		9		13		1.35		0.3142		13		1.346		0.3141		13		1.346		0.3141		13		1.346		0.314

		301		9		13		1.362		0.3266		13		1.361		0.3266		13		1.361		0.3266		12		1.356		0.326

		302		5		9		0.059		0.001		8		0.055		0.001		3		0.032		0.0008		1		0.018		0

		303		5		9		0.056		0.0007		8		0.051		0.0007		3		0.026		0.0005		2		0.021		0

		Rec = Record Number

		Is = Site intensity

		Time = Number of seconds used to calculate CAV

		CAV = CAV based upon total record length

		Arias = Arias intensity based on total record length

		T1 = Number of seconds to calculate CAV (0.015g threshold)

		CAV1 = CAV based upon 0.015g threshold

		Ar1 = Arias intensity based upon 0.015g threshold

		T2 = Number of seconds used to calculate CAV (0.02g threshold)

		CAV2 = CAV based upon 0.02g threshold

		Ar2 = Arias intensity based upon 0.02g threshold

		T3 = Number of seconds used to calculate CAV (0.025g threshold)

		CAV3 = CAV based upon 0.025g threshold

		Ar3 = Arias intensity based upon 0.025g threshold
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Important Points
• MMI intensity is determined by structural damage
• MMI VII is associated with damage to non-engineered structures, and 

therefore a CAV ≈ 0.16 g-sec was chosen as the conservative threshold of 
any type of damage to engineered structures

• MMI VIII is associated with minor damage to engineered structures – a CAV 
≈ 0.8 g-sec is the threshold value for a SQUG database power plant having 
minor structural damage. Equipment at the plant, however, remained 
functional 

• The use of a CAV damage threshold of 0.16 g-sec for a nuclear power plant 
is very conservative criteria
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Damage Potential to RC Structures
• In a study1 presented at the World Conference on Earthquake 

Engineering (WCEE) in Lisbon 2012 damage to Reinforced Concrete 
(RC) structures is correlated to CAVSTD

• The basis to correlate RC structure damage to CAVSTD is the developed 
relationship between CAVSTD and Japan Meteorological Agency 
Macroseismic Scale (JMA)/European Macroseismic Scale (EMS).

1) K.W. Campbell and Y. Bozorgnia. Use of Cumulative Absolute Velocity (CAV) in 
Damage Assessment
https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_2965.pdf
(Partially funded by IAEA as part of the Seismic Working Group 1) 

https://www.iitk.ac.in/nicee/wcee/article/WCEE2012_2965.pdf
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Damage Potential to RC Structures

• The JMA provides qualitative levels of damage to RC structures of Low
or High earthquake resistance

• The EMS provides qualitative levels of damage to RC structures of three 
earthquake-resistant design (ERD) categories; None, Moderate or High

• The EMS states that
 Moderate ERD structures typically are designed for a base shear

of about 5-7 % g, and
 High ERD structures for a base shear of about 8-12 % g
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Summary study presented at the WCEE 2012
• CAV threshold values corresponds to onset of damage to RC structures. 

In the EMS described as cracks in columns and beams and in structural 
walls.
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Representative ERD for Swedish 
NPP RC Structures
• Oskarshamn 3/Forsmark 3 are designed in accordance with

US NRC Regulatory guide 1.60 anchored to PGA 0.15g horizontal.
• In the frequency domain 5-10 Hz the horizontal spectral acceleration is 

about 0.5g
• Seismically designed buildings at O3/F3 may therefore be categorized 

as High ERD
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Representative ERD for Swedish 
NPP RC Structures
• Forsmark 1 & 2/Ringhals 3 & 4 are originally not designed

for seismic loads
• Structures needed for SSE have been demonstrated to withstand 

seismic loads applying modern building codes
• Seismic ground motions assumed in analysis in accordance with the 

Swedish GMRS (horizontal PGA 0.11g)
• In the frequency domain 5-10 Hz the horizontal spectral acceleration

is in the range of about 0.17g to 0.35g
• Seismically verified buildings at F1/F2 and R3/R4 may therefore

(at least) be categorized as Moderate ERD, since not originally designed 
for seismic loads.
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Swedish hard rock ground 
response spectra

• Based on a regional seismic hazard 
study (SKI, 1992) uniform hazard 
ground response spectra for various 
exceedance frequencies were outlined. 

•Applicable for a “typical hard rock site” 
in Sweden.

•Consideration of site effects leads to a 
reduction by 15% to account for the 
favorable site conditions as all plants 
are sited on solid rock.
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Time-histories Swedish GMRS
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CAV BASED ON SKI 92:3 E-5 
ENVELOPE SPECTRUM

• CAV computed for artificial TH for 
Swedish earthquake.

• A conservative CAV-estimate for the E-5 
spectrum is 0.13 gsec

• A seismic event of magnitude equal to 
Swedish DBE loading will not require 
any plant shutdown if such an event 
occurs at a US site.
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Damage Potential to Swedish NPP 
RC Structures - Summary

Comparison of

1. the CAVSTD thresholds for damage onset to RC structures, with
2. the CAVSTD value of 0.13 g-sec for the Swedish GMRS, implies that

 The damage potential to NPP RC structures is negligible from a 
global structural perspective

 Seismically classified RC structures exhibit large margin to CAVSTD
thresholds for damage onset
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Historical Swedish Perspective
The largest earthquake (estimated to M=5.4)
in Sweden’s vicinity in (reasonable) historical
time occurred 23 October 1904 offshore in
the Oslofjord with the Swedish Koster islands
nearest the epicenter
Intensity up to MMI VII
The earthquake was felt over large parts of Norway,
Sweden, and Denmark
Modest damages were limited to wooden and
un-reinforced masonry buildings close to
the epicenter
The old stone church in Idd from about year 1100
(near Halden) had more severe damages,
but was later restored and used for services again
in year 1922 
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MMI Isoseismals for the Oslofjord Earthquake 1904
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Thank you for your attention!
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