
.APPENDIX A

RESPONSE SPECTRA FOR THIRTEEN SELECTED
UNITED STATES AND ITALY EARTHQUAKES



m m Um mmI m inminI i ni nR

A-1

A-2

A-3

A-4

A-5

A-6

A-7

A-8

A-9

A-10

A-lI

A-12

A-13

A-14

Response Spectra

Response Spectra

Response Spectra
Earthquake

Response Spectra
Earthquake

Response Spectra
Earthquake

Response Spectra
Earthquake

Response Spectra
Earthquake

Response Spectra
Earthquake

Response Spectra
Earthquake

Response Sjýectra
Earthquake

Response Spectra
Earthquake

Response Spectra

Earthquake

Response Spectra

Response Spectra

for

for

for

for

for

for

for

for

for

for

for

for

for

for

LIST OF FIGURES

Helena, Montana Earthquake

Helena, Montana Earthquake

San Francisco, California

San Francisco, California

Parkfield, California

Parkfield, California

Lytle Creek, California

Lytle Creek, California

Lytle Creek, California

Lytle Creek, California

Oroville, California

Oroville, California

Friuli, Italy Earthquake

FriuliT Italy Earthquake

(FOR APPENDIX A)

October 31, 1935

October 31, 1935

March 22, 1957

March 22, 1957

June 27, 1966

June 27, 1966

Sept. 12, 1970

Sept. 12, 1970

Sept. 12, 197O0

Sept. 12, 1970

August 1, 1975

August 1, 1975

May 6, 1976

May 6, 1976

Carroll College .Record,

Carroll College Record,

Golden Gate Record,

Golden Gate Record,

Temblor Record,

Temblor Record,

Allen Ranch Record,

Allen Ranch Record

Devils Canyon Record,

Devils Canyon Record

Oroville Dam Record,*

Oroville Dam Record,

Tolmezzo Record (038)

Tolmezzo 'Record (038)

3•9GE

slOE

S5W

B_-E



OMMMiii inn a=====dm=emmMMMm

A-15

A-16

A-17

A-18

A-19

A-20

A-21

A-22

A-23

A-24

A-25

A-26

A-27

A-28

A-29

A-30

A-31

A-32

Response

Response

Response

Response

Response

Response

Response

Response

Response

Response

Response

Spectra

Spectra

Spectra

Spectra

Spectra

Spectra

Spectra

Spectra

Spectra

Spectra

Spectra

for

for

for

for

for

for

for

for

for

for

for

Friuli,

Friuli,

Friuli,

Friuli,

Friuli.

Friuli,

Friuli,

Friuli,

Friuli,

Friuli,

Friuli,

Italy

Italy

Italy

Italy

Italy

Italy

I taly

Italy

I taly

Italy

Italy

Earthquake

Earthquake

Earthquake

Earthquake

Earthquake

Earthquake

Earthquake

Earthquake

Earthquake

Earthquake

Earthquake

May 9, 1976

May 9, 1976

May 11, 1976

May 3., 1976

Sept. 11, 1976

Sept. 1l, 1976

Sept. 11, 1976

Sept. 11, 1976

Sept. 15, 1976

Sept. 15, 1976

Sept. 15, 1976

Tolmezzo

Tolmezzo

Tolmezzo

Tolmezzo

(16:31)S. Rocco

(16:31)S. Rocco

(16:35)S. Rocco

(16:35)S. Rocco

(3:15) S. Rocco

(3:15) S. Rocco

(9:21) S. Rocco

Record

Record

Record

Record

Record

Record

Record

Record

Record

Record

Record

(054)

(o54)

(063)

(063)

(132)

(132)

(139)

(139)

(153)

(153)
(169)

N-S

E-W

N-S

E-W

N-S

E-W

N-S

E-W

N-S

E-W

N-S

E-WResponse Spectra for Friuli, Italy Earthquake Sept. 15, 1976 (9:21) S. Rocco Record (169)

Composite

Composite

Composite

Composite

Composite

Composite

Response

Response

Response

Response

Response

Response

Spectra

Spectra

Spectra

Spectra

Spectra

Spectra

Plot

Plot

Plot

Plot

Plot

Plot

of

of

of

of

of

of

Six United States Earthquakes - 41% Damping-

Six United States Earthquakes - 71 Damping

Seven Friuli, Italy Earthquakes - 4% Damping

Seven Friuli, Italy Earthquakes - 7% Damping

Thirteen Unites andItaly Earthquakes - 416 Damping

Thirteen United States and Italy Earthquakes -7% Damping

-2-



m m mmM m m m m - mm m

A-33

A-34

A-35

A-36

A-37

A-38

Mean, Mean plus One Standard Deviation,
Earthquakes - 4% Damping

Mean, Mean plus One Standard Deviation,
Earthquakes - 7W Damping

Mean, Mean plus One Standard Deviation,
Italy Earthquakes - 41% Damping

Mean, Mean plus One Standard Deviation,
Italy Earthquakes - 7o Damping

Mean, Mean plus One Standard Deviation,
and Italy Earthquakes - 4% Damping

Mean, Mean plus One Standard Deviation,
and Italy Earthquakes - 70 Damping

Maximum,

Maximum,

Maximum,

Maximum,

Maximum,

Maximum,

and

and

and

and

and

and

Minimum

Minimum

Minimum

Minimum

Minimum

Minimum

Response

Response

Response

Response

Response

Response

Spectra

Spectra

Spectra

Spectra

Spectra

Spectra

for

for

for

for

for

for

Six United States

Six United States

Seven Friuli,

Seven Friuli,

Thirteen United States

Thirteen United States

-3-



HELENR, MONTRNR ERRTHQURKE
STATION' CARROLL COLLEGE RECORD 10 B025

COMPONENT' NOOE

DAMPING RATIOS' 0.04 0.07

10-31-35 1138 HRS
DURATION: 50.920 SEC
TIME STEPi 0.005 SEC

100

80 -

60

40

20

10

I0

,..-.. 8 -

(.)

Z 4

I--

U 20
-J

Li

.808

.6 -

.4

.2

0.1

0.08

0.06

0.04
.01

ix -771,71 77
\,a 14 A 111\11, N3A\l Z 1\ 4414 x Z'

100o
80

)VY~(XAX\iN'k~&'N"JY I 2XYX/\/\AX1\XW~ I --VX/rx 1 14X 4 /11ý X\
~CA2z§ "/\ K//>(/T' ;>q7" •2" •//•/,I/'I,/!T ,1

l TVTXTMe P N ýw

7Y-~ L ý\ A NX xj~A<~
AVN

+ & 4 '- 4- F ~. ~ t~-~--- -- 4~±- 4 ~~-4-1 Ntx V t ,, 17~ -7 A/

lb
>K

60

40

20
/

/
/

K> /

/
'-

N. Y/,AI/ A• VX A. NA\"

~N7A VTx~kN~: * ,4 ~-~w ~

'X#A~~~~ 1$~ N I vYA ~ \k NJ \ /X/A X '

K\

# t'/ . A AN \ , "j", I .'',"Y xv/ A A\ ",1 '\I, t" :I -
/

lb- \JA \ ,•AL X",I,
kNx\q -- -97zýV/•7

VZ/>(/',

N

4

k

/X\

4

6

/ tz
N
4
Ii

or

1
L .L~.5. .Y...L1~. ~'-~.- V~-Y4 .E. -A's 4 -4~--N-4-,'-~--- 4 ,'-~, 4'-,~'- 4 ~ * 4 4 ~,N Y$AX A iN )~ ( \ Y/AJ2SYX./J•X,

ý17ý7 IV- 211 21ý /V /,4X !ýj I XKiý `7-7ý zýli y
X/YN X A YN. (K. NI -J•'N I'NI .YN/", F A' YX\ XAN k.A .N J~2V"X A X\ 2S4" 2ý 41

//,N'./A\V / A /7A( 7+' $\ ,A v

XzYi
IA\/

"2-.2

'od'

V @
~ A '-4>q

7

;01\~ W~
zpI

~- 4 .'~- 4 '~~-- F

.8

6

,4

.2

*0 \
/

IVA/ A 10% A
7"(-YVxY X Y\ X Y\NNX[ VY\'x'/ )' AN X "C)

~77Y7KV ,N PqY./77Yv?\ /N \12 N,, NN/ 74' ,, / ,N .N ".N nNN',

A. ,\2 ý N X\Y/\/\IA y V
.02 .04 .06 .08 .1 .2 .4 .6 .8 1

PERIOD (SECS)

FIGURE A-I

2 4 6 8 10



HELENA. MONTANA EARTHQUAKE
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SAN FRANCISCO EARTHQUAKE
STATIONs GOLDEN GATE PARK RECORD ID: A015

COMPONENT: NIOE
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SAN FRANCISCO EARTHQUAKE
STATION' GOLDEN GATE PARK RECORD ID0 A015

COMPONENT' 880E

DAMPING RATIOS' 0.04 0.07

3-22-57 1144 HRS
DURATION' 39.880 SEC
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PARKFIELD. CALIFORNIA EARTHQUAKE 6-27-66 2026 HRS
STATION' TEMBLOR RECORD ID' 8037 DURATION' 30.360 SEC
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PARKFIELD. CRLIFORNIA ERRTHQUAKE 6-27-66 2026 HRS
STATIONs TEMBLOR RECORD ID0 B037 DURATION, 30,400 SEC

COMPONENT' 825W TIME STEP' 0.005 SEC

DAMPING RATIOS' 0.04 0.07
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LYTLE CREEK ERRTHQURKE
STATION' ALLEN RANCH RECORD ID0 W335

COMPONENT: 805W

9-12-70 0600 HRS
DURATION. 36.140 SEC
TIME STEP: 0.005 SEC
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LYTLE CREEK ERRTHQURKE
STATION: ALLEN RANCH RECORD ID. H335

COMPONENTm S85E

9-12-70 0600 HRS
DURATION. 38,140 SEC
TIME STEPs 0.005 SEC

DAMPING RRTIOS: 0.04 0.07
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LYTLE CREEK ERRTHQURKE
STATION: DEVILS CANYON RECORD ID: W337

COMPONENT: SOUTH

09-12-70 0600 HRS
DURATION: 13.620 SEC
TIME STEP: 0.010 SEC

DAMPING RATIOS: 0.04 0.07
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LYTLE CREEK ERRTHQURKE
STATION: DEVILS CANYON RECORD ID: W337

COMPONENT: EAST

09-12-70 0600 HRS
DURATION: 13.630 SEC
TIME STEP: 0.010 SEC

DAMPING RATIOS: 0.04 0.07
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OROVILLE. CRLIFORNIR ERRTHQURKE
STATION: OROVILLE DAM RECORD ID:

COMPONENT: N37E

8-1-75 2020 HRS
DURATION: 12.195 SEC
TIME STEP: 0.005 SEC

DAMPING RATIOS: 0.04 0.07
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OROVILLE. CRLIFORNIR ERRTHQURKE
STATION' OROVILLE DAM RECORD ID:

COMPONENT: N53W

8-1-75 2020 HRS
DURATION: 12.225 SEC
TIME STEP% 0.005 SEC

DAMPING RATIOS: 0.04 0.07

100

80

60

40

20

I0

. 8

w. 6

ýel/\ \ /1\v \

:::

•/'\ 7

\xlz; AFZ• r•'k•A •\X/ ..infl

'4-
VZ\ZXV X iN IN AN 'K '4rNXJNI I /'VSX S ZN ,N\ ,XX N V

6ý" AISZtIKV77kXKI/ Yt~77N~~ ~AY4
~&7/Y7 L~7I I Pd >CL~•AX LM\ LN 2Db

M
N

80

60

40

20

F•" 4, "-*i',r-4(-NfA---D "\r tIt tA-" "- t ik-r•,--

MA x.. .. . ±.. -. [._ •_z •._" z _• { -r 1/'. .A Z^ ." " .. • ,../ • ••• .

/ /,
//

±.CA/ I _ - \_ .. _ _ . L v 4 .( I ".' / . -v 4 A . .'.3." /" ,# , I- F 4, /,A--i-.

/4-* - ~- vIN- -- ~N- FA - -rd-1N-b'N-I rr-A- 1t 1n

>4 N/¢ >4 SS//7V
lx

'N

96
-t2 W_ Z_ -. 'U-4/I-\ Vti'/AV ,N/N\IX\ NX-l I-N-I--/CA-.' 4 CAC ~t-NJ~ LA~ 4 ~ 4'4) 444 tIF's4-t 4, CN-t FN&- 4 I-a. F ~ 4 6. F -Mt F -,XVfl( S A SN Ni '.Z'. - 8r

IV5(.Ir 7\- x T-

- 77*74</N A NK4YA

Z
N-

zI--

0
_J

/IX 4 ~.C44 ¾~4 A... 4 N. 4 v- F

I, 'X/
A/ /ZY< x X\

.>K \X½ I
f~{7T2Ni7VN~4

(xjx2"xL

V 1[ L]_

MN
K/ K

1 i -2.--- ltL-~. 4.'42.-2. 4 ~-..1- V-X .L~44,4 -M---4.-4-.~44.--- ~ 4-X-~4.-i ffNAX..'t~A 4 t- .1' e + -I--I-N

V/NY
I' F r N

4
4 ' ,4 - 4-NI-*% % cKt~N

>4
N

/
/

/

>4

~44KU
~YKt

771
DCX/ /Y

d' xxý

oor 

\<

71

6

4

2

.6

A

.t ,,7- .X $ X1 T-
IýY / Akl /^ /\ I V NNI&I I N1 /x/fI ZN/N X N'. N'X(1 .

' ,z-X..,,X t.
- >"/~%/NX 1N /7 )t~4N KU2,/ 4' A A"4 /N t " )&\b
-F"/KX" k\IV§ QK~AVIX ZN X

P.~k~J~1*-¾4*#- 4 ,'-~r F -~#- + -N F -

I1k~N> KŽKA AVN /b'.4

.2

0.1

0.06

0.06

0.04

~6-F '- /`4 - vI

'A
0,

6
06,

0o
I

*0

I

x 1
C

71•
/
S

7-0 K
- -P-- ]-;( >N- K,,\4 F1Z X \XNNAiI IV N Y/,A/ N Nib>//AN"- ; 4 I\,/" \ V AIN"X NNNI,/ xl VI\ //V Aloci i I~I ' -- P v- I ~1. A -

/Z •/Y\/ A IN' "~ "'4 NY MOn - XXThZ. 7X IN X\.NMN /X/T )Y" X , X N-,=.. 4',.-. .-I -- -. -. r- ' 1 ..
i.//-/z~x -¾ -t T~' 27ZY~ f/N Ax4 &MNCL Y 7*74k,/x - , A NVtIM*~

ý 6 ý I TI 7Iý\ I x, ns I Ii.2

.01 .02 .04 .06 .08 .1 .2 .4 .6 .8 1
PERIOD (SECS)

FIGURE A-12

a 4 6 8 10



FRIULIITRLY ERRTHQURKE SERIES
STATION: TOLMEZZO RECORD ID: 038

COMPONENT: N-S

05-06-76 2000 HRS
DURATION: 36,590 SEC
TIME STEP: 0.010 SEC

DAMPING RATIOS: 0.04 0.07
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FRIULIPITRLY ERRTHQURKE SERIES
STATION: TOLMEZZO RECORD ID: 038

COMPONENT: E-W

DAMPING RATIOS: 0.04 0.07

05-06-76 2000 HRS
DURATION: 35.500 SEC
TIME STEP: 0.010 SEC
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FRIULIITRLY EARTHOURKE SERIES
STATION: TOLMEZZO RECORD 10: 054

COMPONENT: N-S

05-09-76 0053 HRS
DURATION: 11.060 SEC
TIME STEP: 0.010 SEC

DAMPING RATIOS: 0.04 0.07

100

80

60

40

20

r-\ 77 717 7777 77 77,7771 1 T \Y/
4xlllx Zýý

771 I 77 Y , /A \X.- ", ='kk4•\l 4I4t / 4 X /'K/• Xs FX i 4K• 1
~~X$Y')( I /\ Y\ A'~ 'k >~r'~i 2VY/Zx( I Ax X\. i\ &t

'N 1 /V XY X /\ X \ J\ X \\\

- 29-

,\VL/J ", V/7-%/N/ /NJN \i'NN VJN/ '7\ /' /N• i
=77 Z,LXI ",> "\ / \I/\1 A 12 I

zi
,x-eýý 1,

t

100

80

60

40

20

4 LŽL - ~ £~L ~ L~- LN~- 4 .L~. L - / '~Y P' I 4N'- 4 '-s,----- F 6- + 6-b 4- 44N

14 k-, 4- '- f ~ ~ + ~-,'---- ht- 4 ~-6 hA-A ~ ~N1 V7 r,~- 7 ~ ~r-J ~

o,\o
% 12' I •$" ". I•'•-" \.I.=. \. ".IX ." .r .•.I/ IX I .f I'.

/,

?F4 ýx / 77
II

\- YF4Y A VX /

-~cTN~A Vt7ZJ77JN~. I T
I N- ZA~Z ~/ IN-

ILl 6

Z 4

0
w

>

/T/- X/

-t--
/\ IX A ~k ~-~(N-4N~ X/"YV X A iN, 1'-. 't "N"rl J,,)

J>V

lb

• rY • •

"N.-' "KN ~22
LKJ >42k1

; "...;" -v- , . .. . . . .

1ýx

Vý Is, p
/

A I'
'/

II- P, '

, X A

er

XA

co

X/

Y\ý%>Q

/

/

8

6

4

.8

6

,4

.2

.. •Z•iv' -" 'z;,.4_,•lY•/<z/r•x'vt
'1

.6

.4

k )•L/2"xz" ,, . N l xJ'•l KAX7YV lilA V2~ 1K ~'V1~. +•/7•I
"I-4-- • E - r- - . . . . . .

,,,<~ r>

,..

IX\ I

A

L 0,0,01, AV

'-?o
> A '11V

Pýlx

Ll A 11 ][it III >/

-- P P

>6 ý0.1

0.08

0.06

0.04
.01

~A/\"/ /4 " I'V N• N M
//7YV X X ,ýx X '\I \4\

- ,.2VX .~~ v --I \ V/-J\

v K I IJil 14tI t
.02 .04 .06 .08 .1 .2 .4 .6 .8 1

PERIOD (S E CS)

FIGURE A-15

2 4 6 8 I



FRIULIITRLY ERRTHQURKE SERIES
STATION: TOLMEZZO RECORD ID: 054

COMPONENT: E-W

05-09-76 0053 HRS
DURATION: 13.650 SEC
TIME STEP: 0.010 SEC

DAMPING RATIOS: 0.04 0.07
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FRIULIITRLY ERRTHQURKE SERIES
STATION: TOLMEZZO RECORD ID: 063

COMPONENT: N-S

DAMPING RATIOS: 0.04 0.07

05-11-76 2244 HRS
DURATION: 17.560 SEC
TIME STEP: 0.010 SEC
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FRIULIITRLY ERRTHQURKE SERIES
STATION: TOLMEZZO RECORD ID: 063

COMPONENT: E-W

05-11-76,2244 HRS
DURRTION: 17.560 SEC
TIME STEP: 0.010 SEC

DAMPING RATIOS: 0.04 0.07
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FRIULI•ITRLY ERRTHQURKE SERIES
STATION: S.ROCCO RECORD ID: 132

COMPONENT: N-S

09-11-76 1631 HRS
DURATION: 10.650 SEC
TIME STEP: 0.010 SEC

DAMPING RATIOS: 0.04 0.07
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