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install gallery of small-diameter wells

place culvert and headscarp area trimmed back\\\

fill ravine with
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*\“~leave major part of landslide
in place

The original approach
to landslide repair was
to buttress toe areas in
combination with
limited removal of the
upslope area, triming
back the headscarp,
and installing wells to
draw down the
watertable.
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S install subdrains at heel of shear keys (from Rogers, J.D.,
1992)




WALL RETENTION
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timber or
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crib wall multiple depth

crib wall

Various types of
gravity retention
structures. Such
structures depend on
their sheer mass as a
resiting force to the
load imposed by a
hillside.

concrete buttresy wall - (from Rogers, J.D.,
or braced wall Geogrid shear key or 1992)
reinforced soil embankments



Geogrid placed at

12" spacings

Reno/revettment
mattress

rock-filled —w g o
gabions 0. SOy

-------------------

mattress

_____——— concrete gabion footing

".;_ ~——reinforced concrete steel sheet pile cut-off wall

. footing w/ continuous
A cut-of f wall

Using geosynthetics to strengthen slope conditions.

GEOSYNTHETICS
(from Rogers, J.D., 1992)
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Using geosynthetics to strengthen slope conditions.

(from Rogers, J.D., 1992)
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Using geosynthetlcs to strengthen slope condltlons |

GEOSYNTHETICS
(from Rogers, J.D., 1992)
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Using geosynthetics to strengthen slope conditions.
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GEOSYNTHETICS

(from Rogers, J.D., 1992)
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Using geosynthetics to strengthen slope conditions.

GEOSYNTHETICS
(from Rogers, J.D., 1992)



Masonry Block
or Speed Bloc

k

reinforced

concrete

cantilever

pier supported reinforced

concrete wall

steel H-pile
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wall
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R — ——
inside stem reverse stem
wall wall

cast-in-place
reinforced
concrete piers
with inter-
connecting
grade beam

cast-in-place
caissons with
interconnecting
underream cones

WALL RETENTION

Various types of
cantilever retention
structures for use in
stiff soils and soft rock.

(from Rogers, J.D.,
1992)
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prestressed
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N rock bolt
o
< anchor
b steep
cliff
N reaction pier
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Al ~
normal location of *~
drilled tieback or
rock bolt anchor
reaction pier tieback
=

drilled tie back or tendon

lock nut

anchor plate
neat concrete
pad for anchor plate

Pressure grout bulbs
provide good mechanical
obstruction

Packers inflated to lock |
off hole and grout
under pressure

rock bolt

pressure grout bulbs in soft soils

WALL RETENTION

Various types of
retained structures —
those employing
tension elements.

(from Rogers, J.D.,
1992)



d
wall flexes outward ~__}4 dead man anchor

at position of

maximum mment\\\\\\

passive pressure zone

soil loads arch around bulge
transferring load to stiff
portions of the bulkhead
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Stack Loffelblocks at Approx

70 degrees; backflll with ) !P\
native metals; hand-tamp N

5= AN
A
Provide 1.77' embedment \ N \‘.

Provide neat excavation at
70 degree inclination
N (no exceptions)

Loffel block wall

No. 4 rebar dowells

’

4 lngL_—active pressure zone
toe embedment __k,_ A limited to 45-@/2

TIIE

sackrete wall

WALL RETENTION

Various types of
flexible retention
structures, or those
that deflect in order to
shed their imposed
loads.

(from Rogers, J.D.,
1992)
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1" PVC shear pins

Compaction of 6" lifts
to 90% ASTM D-1557
Provide backcut into
firm materials
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Import metal clay backfill from
adjacent excavations

%

%
W
4o
\Wﬁ\\\&\%.

W

“mﬂ%W&mw —_—
2000
o)
)
)
%

KEYSTONE BLOCK WALL WITH SOIL REINFORCING GRID

Stack Loffelblocks

at 70 degrees
wrap w/ Tensar SR-2

Intermittent face
Geogrid

1.77' embedment

grid grip length
calculated by engineer

GEOSYNTHETICS

LOFFELBLOCK WALL FACING ON GEOGRID-REINFORCED EMBANKMENT

Using geosynthetics to strengthen slope conditions.

(from Rogers, J.D., 1992)



Loffelblock Structures

WALL RETENTION

Stack Loffelblocks at Approx.
70 degrees; backfill with

native metals; hand-tamp

70 degree inclination
~ (no exceptions)

Most effective for
slopes under 22 ft high
with an angle of
internal friction greater
than 30°.

(from Rogers, J.D.,
1992)




bird foot trench

network (plan view)

continuous trench
subdrain or
interceptor drain

4_/,,collector gallery

gallery or

perimeter drain withdrawal
walls
I Q} caisson
i drains
brow dltch"—\ ‘5ump drain I_\/_ /

lined bench i O —~
oo —_\/ |
bench ey
v chimney
'////) :32%:// drain l
S heel drain
blanket perforated collector Afﬁﬁﬁﬁﬁfﬁ;f
drain pipe

interceptor drain drilled
thru bottoms to collect
discharge

SLOPE DRAINAGE

Traditionally applied
nomenclature of the
various types of
subdrainage measures
used by most
geotechnical
practioners.

(from Rogers, J.D.,
1992)



B-58 DITCH

. Limits of Toe
'-."‘/BUHress Fill

Remedwal Earthwork /contours
. within Toe Butlress CHRISTY

INLET BOX

Plan view of birdfoot-style trench subdrain network. SLOPE DRAINAGE

(from Rogers, J.D., 1992)



LANDSLIDE CONDITIONS PRIOR TO
TENSAR GEOGRID REPAIR

SLOPE REPAIRED WITH TENSAR GEOGRID

FACE CAN BE HYDROBEEDED
\FOR EROSION CONTROL

FACE WRAP OPTIONAL
DEPENDING ON
STEEPNESS OF SLOPE

POLYESTER GEOTEXTILE FILTER FABRIC

CAN BE PLACED BEHIND MESH TO ENTRAP
FILL MATERIAL

GEOGRID TYPICALLY EXTENDED
INTO SLOPE A DISTANCE OF
APPROXIMATELY 1.5 X SLOPE HEIGHT

GEOSYNTHETICS

Using geosynthetics
to strengthen slope
conditions.

(from Rogers, J.D.,
1992)



Geogrid Facings

Provide 5% backslope at brow of embankment

— Tl :fPF::i%E%‘ Tensar SR-2, Tenax MS or Nicolon

DR R Efipia "f:ifgﬁs\ equiv Geogrid; full width roll-out
M0 AR AR L5 o at 3' spacings; 5' roll-out on

o SRR ey ' intervening layers at 1' spacings

.......

Drop full roll-out grid
spacings to 2' at toe of
embankment

Provide geotextile —
wrapped subdrainage
as required
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basal shear key —#f’gjf

Using geosynthetics to strengthen slope conditions.

GEOSYNTHETICS

(from Rogers, J.D., 1992)
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45*, then wrap Geogrid
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Using geosynthetics to strengthen slope conditions.

(from Rogers, J.D., 1992)

Geogrld spacing, v, Is a function
of averburden pressure

GEOSYNTHETICS



Using geosynthetics to strengthen slope conditions.

GEOSYNTHETICS
(from Rogers, J.D., 1992)



Geogrid Embankments - Soil

Provide slope trim at 1:1 with face wrap of
s atnas approved geotextile: Tensar S5-2 or Tenax MS

Compact approved import mtls to min
90 % of ASTM D-1557-78

Enkamat,Tenax MNT lessen slope of face wrap

or approved drainage ’///r'tn provide natural transition
membrane

Provide min 2% grade on
subdrain outlet

Face wrap w/ Tensar SR-2 Geogrid; lap 5' min on
af””#-smmxx¥11h1; layers

NN
\ ,,_17—Cut benches require mapping by geologist to
- ilff,r’ determine seepage zones. Provide wick drains
AN N\ e T to pick up these zones
\ ‘-/

_—Provide 3' clean gravel in

keyway drain
Provide spun polyester

Y
\ ' ik atas - _
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of gravel drain . ;s

GEOSYNTHETICS

Using
geosynthetics to
strengthen slope
conditions.

(from Rogers, J.D.,
1992)



Using geosynthetics to strengthen slope conditions.

GEOSYNTHETICS
(from Rogers, J.D., 1992)
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