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3. Seismic design: GRS walls have most often performed well during earthquake. Examples of their

performance under seismic loading are given. The reasons for their good performance are explained and the
design methods used to quantify the additional seismic-induced external and internal loading are discussed.
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Seismic design and performance
of geosynthetic reinforced soill
walls during earthquake

Geosynthetic reinforced soil walls
have demonstrated good
performance during earthquake
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Conventional gravity
structures

6.2 m high

geosynthetic ___
reinforced soll
wall

courtesy of Fumio Tatsuoka
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6.2 m high

geosynthetic |
reinforced soil |
wall

Concrete Gabion  Geosynthetic
panel facing bags reinforcement

courtesy of Fumio Tatsuoka
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Acceleration
(g's)

Concepcion, Chile Ground Motion, E-W Direction
(2010 Maule Earthquake, M, = 8.8)

PGA =0.61g
Significant Duration = 76 sec.
Bracketed Duration = 152 sec. (A > 0.050)

Baseline Corrected - Source File: C:\Quakes\Chili2010MCCSP.HNE.. a.smc
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Summary of Wall Performance in Maule Chile 2010 Earthquake
» Magnitude 8.8, PGA ranged from 0.2g to 0.5g in central valley (Santiago
to Talca), and 0.65g horizontal / 0.6g vertical in Concepcion
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Summary of Wall Performance in Maule Chile 2010 Earthquake

» Walls had very little damage, if any, even though adjacent bridges had
significant damage or even collapsed

» Wall types evaluated included panel and block faced MSE walls, concrete
gravity and semi-gravity walls, with heights ranging to 12 m+ for all these
wall types

* Most walls designed in accordance with AASHTO, but typically for k;, =
0.1g to 0.2g in central valley and 0.25¢g to 0.4g on coast, using good
guality backfill
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Fallen blocks — caused by inadequate lateral
restraint of top rows

Precast concrete panel faced wall showed no signs
of distress due to earthquake

Modular block geogrid and precast concrete panel steel reinforced MSE walls supporting
abutment fills, Americo Vespucio/Independencia Santiago area
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Soil-cement GRS bridge abutment (Japan)

RL 140 Geogrid reinforcement
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(Aoki et al. 2005)

When do we need to carry out
seismic analysis?
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Centrifuge cantilever wall testing (Atik & Sitar 2010)
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S 71 L24

Ab l;l

. —267
[ |

1_317

43 A49

¥ T
Nevada Sand| | 3217 1 4605 { 3277 5279 i
Dr = 72% Alsp S2- Ra- 5A30 RS- Ré. ¢ A% i
A9 Sl- RI- . R2 - R3- €AS [—
A3, A
o A32 m——
A
:ﬁ- 777 7Load Frame 7, 77 77
North 1650 South
» Accelerometers  _ Bender Elements ‘ ’ Dimensions: mm
—= Displacement == Sirain Gages Shaking Direction Model scale
Transducers + Air Hammer
133

Seismic Co I:iii i:i ersus PGA

y = 1.0822x- 0.3853
R*=0.85

Seismic Coefticie ersus PGA
Flexible Wall

Back-calculated dynamic earth pressure coefficients as function of peak ground acceleration
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Residual horizontal displacements near wall top
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Seismic coefficient, k =a__/g

Koseki, J., Bathurst, R.J., Gller, E., Kuwano, J. and Maugeri, M. Seismic stability of reinforced soil walls, Keynote paper,
8th International Conference on Geosynthetics, Yokohama, Japan, 18-22 September 2006.
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Northridge Earthquake, California, USA (1994)
M=6.7

<— No Bathurst and Cai (1995)
detectable o S
facing
movements!
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* A, >0.4g orif in Seismic Zone 4 (SDCD)

AASHTO (>2012) specifications require seismic analysis for wall
internal and external stability if:
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Modes of Failure

External
a) base sliding b) overturning
Internal
d) pullout e) tensile over-stress
]
]
Facing 4
g) connection h) column shear failure
failure

¢) bearing capacity
(excessive settlement)

f) internal sliding

" 4

i) toppling
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Mononobe-Okabe theory

tan 6 = k;, / (1 £k,)

Qag = f(d)’ 69 B9 v, 6)

Kag = cos2(¢ + v — 0) / cosh cos?y cos(d — v + 0)

. . _ _ 2
[1+\/ sin(¢ + 8) sin(¢p — B — 0) ]

cos(d — y + 0) cos(y + B)
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Influence of seismic coefficient, k;,,
backslope angle, 3, and wall
inclination angle, v, on dynamic
earth force, P,

04%.'0 " 01 02 038 04 05 06 Bathurst and Cai (1995)
kn
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ky=0.2
/ . 2DLEM, Spence

Limit equilibrium (Spencer) method of slices

M 0.2 M 0.2
= k, = 0.2

| 2D LEM, Spencer FS = 0.992

Courtesy of Dr. Sina Javankhoshdel at ROCSCIENCE
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Newmark sliding
block methods

ground
acceleration

a (t)

velocity

Vv (t)

displacement
A(t)
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internal RUPTURE CONNECTION Failure PULLOUT

Internal modes of failure
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Active zone Internal distribution of reinforcement loads

’ Resistance zone Static loading

Distribution of lateral earth
pressure using the Simplified (tie-
back wedge) method

Tstai= Sy0,Ka = SyvzK,

T Tensile strength limit state

S, + !

T — La I—’ Tsta i~ < TaIIow
Pullout strength limit state

o =45°+¢/2
—_ —_ *
Tstai= < Tpullout_ 20 F* o, Ly
Ti = Tstai T Connection strength limit state
Static load distribution

T.=<T

stai™ con
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Active zone Internal distribution of reinforcement loads
’ Resistance zone Static Ioadinq
l / Distribution of lateral earth
/ pressure using the Stiffness
¢ method (AASHTO 2020)
z
H / ¥ Tstai = Sy (YHDimax) Kavh @ q)g D Docq Do
s L : Tstai Tensile strength limit state
TV b— Lai i Tstai: < Tallow
Pullout strength limit state
o =45° + §/2
Tstai: < Tpullout: 20 F* Gy Lai
Ti = Tstai I Connection strength limit state
Static load distribution
Tsta i~ < Tcon
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Active zone Internal distribution of reinforcement loads
l Resistance zone Seismic loading
I I Y
APy = k/CvA
1/ |
v
2 (| w, /
H _l_ AASHTO (2020)
T, Tstai ATdyn i
SV - |<—I + ATdyn i~ Aden
T I—ai N
o assuming
k,=0
Ti = Tstai + ATgyni T N = number of reinforcement
Static load distribution layers
Dynamic load increment
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Displacement
potentiometer

accd

1020 mm
i
i

Silica 40 sand

Shaking lable
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