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B
Hanging Wall - Empirical Data

- Limited events with both Footwall and Hanging Wall
stations

- Source to Site angle of ~ +/- 90°
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B
Hanging Wall - Empirical Data

- Limited events with both Footwall and Hanging Wall
stations

- Source to Site angle of ~ +/- 90°

- Events meeting criteria:
- Northridge
- Chi-Chi
- Niigata
- Wenchuan
- lwate
- Loma Prieta
- L'Aquila



Hanging Wall Simulations -
Graves 2012

- 34 Reverse fault cases:

- Surface Faulting
- 5 Magnitudes (6, 6.5, 7, 7.5,7.8)
- 5 Dips (20, 30, 45, 60, 70)

- Buried Ruptures
- 1 Depth to Top of Rupture (5km)
- 2 Magnitudes (6, 6.5)
- 4 Dips (20, 30, 45, 60)
- Width and Length of faults varied for Mag7 &
Mag7.5

- All simulations have a V,, of 865 m/s



2012 Simulation
Scenarios

Magnitude Area (km?) Width (km) Length (km) Dip TOR (km)
6 100 10 10 20 0
6 100 10 10 30 0
6 100 10 10 45 0
6 100 10 10 60 0
6 100 10 10 70 0

6.5 324 18 18 20 0
6.5 324 18 18 30 0
6.5 324 18 18 45 0
6.5 324 18 18 60 0
6.5 324 18 18 70 0
7 1000 25 40 20 0
7 1000 25 40 30 0
7 1012 23 44 45 0
7 1000 25 40 45 0
7 1000 20 50 60 0
7 1000 25 40 60 0
7 1000 25 40 70 0
7.5 3200 32 100 20 0
7.5 3200 32 100 30 0
75 3150 25 126 45 0
7.5 3200 32 100 45 0
7.5 3000 20 150 60 0
7.5 3200 32 100 60 0
7.5 3200 32 100 70 0
7.8 4500 25 180 45 0
7.8 4500 20 200 60 0
6 100 10 10 20 5
6 100 10 10 30 5
6 100 10 10 45 5
6 100 10 10 60 5
6.5 324 18 18 20 5
6.5 324 18 18 30 5
6.5 324 18 18 45 5
6.5 324 18 18 60 5
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Regress on Footwall only
Rx dist used.

In(y) = b1 + (b2+b3*(M-6))*(In((R)+b4)) + b5*(M-6) + b6*(M-6)2+ b7*(R)
* f4ip(0) + fzrorrw (ZTOR, 6, M)

Foobwall Only

Magnitude 6

Magnitude 6.5
Magnitude 7 ||
Magnitude 7.5

Ln {(Spectral Accleration)

L

i
40 60




B
Hanging Wall Model Development

- Apply Footwall

RegreSSion to Magnltude? Dip= 3I]deg zTor=0km, Rake =90 deq, Period=0.2s5¢ec

e 5 |mulat|on Results

Hanging Wall 1 ............... ............... .............. e RipModelno H |

Rrup Model, with HW
= Average per Rx

- Find median
In(spectral
acceleration) per Rx

Ln {Spectral Accleration)

- Develop RN ............... S ................ .............. |
nonparametric model
for Hanging Wa” 4- ............... ............... ............... ................ .............. _




B
Hanging Wall Model

In(y) = b1 + (b2+b3*(M-6))*(In((Rrup)+b4)) + b5*(M-6) + b6*(M-6)2+ b7*(Rrup)
+ £30(8) + frrorew (ZTOR, 8, M) + f (M, 5, W, ZTOR, Rx, Ry, L)

Event Terms for footwall regression:

faip(d) = dy*(90-6)?+d,"(90-5)+d;

frrorrw (ZTOR, 8, M) = (z41"(90-8)+Z¢,)+(z¢3"(M-6))



B
Hanging Wall Model

In(y) = b1 + (b2+b3*(M-6))*(In((Rrup)+b4)) + b5*(M-6) + b6*(M-6)2+ b7*(Rrup)
+ £30(8) + frrorew (ZTOR, 8, M) + f (M, 5, W, ZTOR, Rx, Ry, L)

Hanging Wall Function:

fo.(M, 8, W, ZTOR, Rx, Ry, L) = a, T,(8) T,(M) T4(Rx, W, 8, M) T,(ZTOR)T(Rx,Ry,L)



B
Hanging Wall Model

In(y) = b1 + (b2+b3*(M-6))*(In((Rrup)+b4)) + b5*(M-6) + b6*(M-6)2+ b7*(Rrup)
+ £30(8) + frrorew (ZTOR, 8, M) + f (M, 5, W, ZTOR, Rx, Ry, L)

Hanging Wall Function:

f (M, 8, W, ZTOR, Rx, Ry, L) = a, T,(8) T,(M) T4(Rx, W, 8, M) T,(ZTOR) T5(Rx,Ry,L)

T.(8) = (90-0)/45 for & < 90°
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Dip Taper: T,(0)

2.5

Amplitude

0 10 20 30 40 50 60 70 80 90
Dip (degrees)



B
Hanging Wall Model

In(y) = b1 + (b2+b3*(M-6))*(In((Rrup)+b4)) + b5*(M-6) + b6*(M-6)2+ b7*(Rrup)
+ £30(8) + frrorew (ZTOR, 8, M) + f (M, 5, W, ZTOR, Rx, Ry, L)

Hanging Wall Function:

fo.(M, 8, W, ZTOR, Rx, Ry, L) = a, T{(8) T,(M) T4(Rx, W, 8, M) T,(ZTOR) Ts(Rx,Ry,L)

T,(M)= 1+ a,(M-6.5)

Note: The minimum simulation magnitude is M6 and the maximum is M7.8.
Extrapolation below the minimum and above the maximum for the T, term should
be done at the discretion of the developer.
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Magnitude Taper: T,(M)

Magnitude
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Hanging Wall Model

In(y) = b1 + (b2+b3*(M-6))*(In((Rrup)+b4)) + b5*(M-6) + b6*(M-6)2+ b7*(Rrup)
+ £30(8) + frrorew (ZTOR, 8, M) + f (M, 5, W, ZTOR, Rx, Ry, L)

Hanging Wall Function:

fo.(M, 8, W, ZTOR, Rx, Ry, L) = a, T{(8) T,(M) T4(Rx, W, 8, M) T,(ZTOR) Ts(Rx,Ry,L)

0 for Rx <0
f1 for Rx < R1

T3Rx, W, 8,M)= T 2 for Rx > R1 & Rx <R2
f3 for Rx > R2

R1 (W, 8) = W * cos (9)
R2 (M) = 62*(M)-350

f1 (Rx) = h; + h,(Rx/R1) + h;(Rx/R1)?2
f2 (Rx) = h, + hy((Rx-R1)/(R2-R1)) + hy((Rx-R1)/(R2-R1))?
f3 (Rx, M) = (h, + hg + hg) * e ((R=R2))  where y = -0.2 (M) +1.65



Distance Taper: T,(Rx, W, 6, M)
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f2 function
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Distance Taper: T,(Rx, W, 6, M)
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B
Hanging Wall Model

In(y) = b1 + (b2+b3*(M-6))*(In((Rrup)+b4)) + b5*(M-6) + b6*(M-6)2+ b7*(Rrup)
+ £30(8) + frrorew (ZTOR, 8, M) + f (M, 5, W, ZTOR, Rx, Ry, L)

Hanging Wall Function:

fo.(M, 8, W, ZTOR, Rx, Ry, L) = a, T{(8) T,(M) T4(Rx, W, 8, M) T,(ZTOR) Ts(Rx,Ry,L)

T,ZTOR) Only two points were modeled in the 2012 simulation
series...0 km depth and 5 km depth. It is not known if
there is a linear interpolation between the two, nor is it
known what the amplitude will be greater than 5 km.

However, at ZTOR = 5km, the amplitude is reduced
by 30% when compared to a surface rupture.



B
Hanging Wall Model

In(y) = b1 + (b2+b3*(M-6))*(In((Rrup)+b4)) + b5*(M-6) + b6*(M-6)2+ b7*(Rrup)
+ £30(8) + frrorew (ZTOR, 8, M) + f (M, 5, W, ZTOR, Rx, Ry, L)

Hanging Wall Function:

fo.(M, 8, W, ZTOR, Rx, Ry, L) = a, T{(8) T,(M) T4(Rx, W, 8, M) T,(ZTOR) T+(Rx,Ry,L)

gm—

1 for abs(Ry) < L/2

T5(Rx,Ry,L) === [(0.577*Rx + 5) — (abs(Ry) — L/2)] / (0.577*Rx + 5) for L/2 <abs(Ry)< 0.577*Rx + 5 + L/2

0 for abs(Ry) = 0.577*Rx + 5 + L/2

—
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Side Taper: T;(Rx, Ry, L)

Magnitude 6.5 Stations
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SURFACE
RUPTURES

Magnitude 7, Dip = 30deg ,zTor=0 km, Rake = 90 deg, Period = 0 25ec

: : : o Simulation Results
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Pesiduals (Ln)

PResidualz (Ln)

Magnitude 6,zTor=0 km, Rake = 90 deg, Period = 0.2sec
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Magnitude 7, zTor= 0 km, Rake = 90 deg, Period = 0.25ec

Dip=20,Length=40km
Dip=30,Length=40km
Dip=45, Length=40km
Dip=45, Length=44km
Dip=60,Length=40km
Dip=60, Length=50km

1 T T T T T

. . . . . *

|

|

: : : : : : o

(I3 SEREERRES .......... .......... ......... ....... v
: i : : : : v

(11, IS IRRRR RRRRE S STRE SO R u]

Dip=70, Length=40km

Fezidualz (Ln)

Fezidualz (Ln)

Magnitude 6.5,zTor=0 km, Rake = 90 deg, Period=0.2s¢ec
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BURIED RUPTURES




Fezidualz (Ln)

Magnitude 6,zTor="5 km, Rake = 90 deg, Period = 0.2sec
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QUESTIONS?
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