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Foundation Systems

 Bearing Capacity Failure

Transcona
Grain Elevator

(from Budhu 2000)
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Foundation Systems

e Differential Settlements

“Kissing Silos”

(from Sharma 2003)
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Geotechnical Engineering Problems

» Are natura or proposed earth slopes
stable?

<>

(from Norwegian Geotechnical
Institute, 2001)
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Geotechnical Earthquake Engineering

» Effects of earthquakes
1964 Niigata Earthquake 1967 Caracas Earthquake

(from Kramer —www.ce.washington.edu 1996) (from Alshibli 2001)
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Koerner Robert M. & Koerner George R. (2013)

A database , statistics and recommendations

regarding 171 failed Geosynthetics reinforced
Mechanically Stabilized Earth (MSE) walls

Geotextiles & Geomembranes, Vol. 40, 20-27
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Type of Usage Number (Percent)
housing developments and apartments | 49 (30%)
commercial shipping centers and malls | 43 (26%)
businesses and industrial parks 3‘8 (23%)
private roads, hospitals and schools 31 (19%)
landfill berms 3 (2%)
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Type of Facing Number (Percent)
modular concrete blocks 121 (71%)
welded wire mesh with geogrid backup | 37 (22%)

discrete concrete panels 5 (3%)
wrap-around geosynthetics 4 (2%)

timber 4 (2%)

sl gl -
W3y Iy 2 xe y o yo AU F oo el,IL ol ylgs

Height (m) Number (Percent)
less than 4 m 22 (13%)

from 4 to less than 8 m 68 (40%)

from 8 to less than 12 m 43 (25%)

from 12 to less than 16 m 14 (8%)

from 16 to less than 20 m 10 (6%)

greater than 20 m 14 (8%)
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Service lifetime Number (Percent)
less than 1 year 44 (25%)

1 to less than 2 years 71 (42%)

2 to less than 4 years 32 (19%)

4 to less than 6 years 8 (5%)

6 to less than 8 years 3 (2%)

8 to less than 10 years 6 (3%)

greater than 10 years 7 (4%)
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o Course Grained Soils; 68 (39%) —— ¢ Fine Grained Soils; 103 (61%)
\ 22%

T19%]

Gravels Gravels Sands  Sands Silts Clayey Silty Clays  Clays
with Fines with Fines Silts

Backfill soils used in 171 (100%) MSE wall failures.
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Compaction Number (Percent)
good compaction 48 (28%)
moderate compaction 51 (30%)
poor compaction 72 (42%)
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Primary responsibility for the failures | Number (Percent)
design failures 118 (69%)
construction failures 50 (29%)

facing material failures 3 (2%)
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Basic failure mechanisms Number (Percent)
nternal mstability 42 (25%)
external instability 26 (15%)
internal water 63 (37%)
external water 40 (23%)
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() Internal water 63 (379%:)
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(a) Poor practice for internal drainage
for surface waler structures
within reinforced soil zone
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(¢) Recommended external
drainage for surface water
coupled with back/base drain
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() Recommended external
drainage for surface water
behind reinforced soil zone
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Layer  Elevation S FSpe
£3° 2250 number  fm)  NCMA  FliwA  NCMA  FHwA
] 0.4 038 047 876 T3
2 (M} 0TS ixi] 913 B9
P~ 3 1.6 0R3 (66 797 7.43
4 22 0.94 0.74 68l 6,66
5 28 .7 084 5.65 589
6 34 1.25 0.96 449 513
ke o 7 4.0 1.50 113 13 4.36
B df 1.RR 138 217 35
o 52 250 L75 Lo 283
n 38 i7a 241 225 206
gk [} hd .68 kR, ) 0ns7 1.29
1z 7.0 NiA 9.44 NIA 237

External siability NCMA  F5, =477 F5,,=084 F5, =233
SxSams FHwA  F5,=I838 F5,,=1.03 F5, =257
Note: F5,,=factor of safety for tensile oversiress; F5,, =factor of safety
for pullout; FS§,. =factor of safeiy for bearing capacity; F5,,=factor of
safety for base sliding: and FS,=factor of safety for overuming.
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