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Basic Design Questions

1. How to design laterally loaded piles behind
an MSE wall?

2. How to design an MSE wall
considering lateral loads from piles?

3. How to consider cyclic loading effect?

Current Practice
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=) |ong, large diameter piles, i.e., more costly s

Answer:
no design method available for
these conditions!
7
Proposed Design
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mm) Again, no design method! == More research neec;ed!

Research Methodology

= Theoretical derivation
= Numerical analysis
= Laboratory model test
= Field test
» KDOT research project investigated
« Pile offset distance effect
+Pile length effect

++ Group pile effect
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Pile Layout and Plan View Leveling Pad and Metal Pipes for Piles
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Distance to back of wall facing

——N Pile A 3ft (0.9m) 1d
Pile B 6ft (1.8m) 2d
Diameter of test pile (d) = 3ft (0.9m) Pile C 9ft (2.7m) 3d

Pile D 12ft (3.6m)4d "

Wall Construction

" Leveling ,
— Placement, Leveling b L
+ Backfill .
— Placement, Leveling, Compaction I I
» Geogrid
— Placement, Trimming (if necessary), Connectors, Pre-tensioning
* Notes

— Top Soil Cover
— Slip Joints
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Group Pile Test

Test Piles [

Group Test Surface Cracks
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Numerical Modeling of Single Pile

Horizontal deﬂ_ection g
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Vertical deflection =~

Numerical Modeling of Group Piles
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Numerical Modeling

= Pre-test modeling
» Elastic-plastic (M-C) model
» Typical fill parameters
= Immediate post-test modeling
» Elastic-plastic (M-C) model
» Measured fill parameters
= Refined modeling
» Cap-yield model — stress dependent
» Individual blocks
» Compaction stresses
» Measured fill parameters .
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Load vs. Displacement of Single Pile
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Load vs. Displacement of Group Piles

Vertical Wall Facing Deflection
- Model vs. Test
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Horizontal Wall Facing Deflection
- Single Pile Test
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Lateral Deflection of Single Pile
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Horizontal Wall Facing Deflection
- Single Pile Test
210 ft Pile C at El. 5.6m 10 ft
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Horizontal Wall Facing Deflection
— Model vs. Test

Pile head deflection (mm)
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Pile spacing (m) |

Pile Influence Range
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Lateral Earth Pressure Increase
- Model vs. Test
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p-y Curve Method
for Laterally Loaded Pile

Spring stiffness, k (subgrade modulus)
1 p=ky

=y

Sail resistance, g

i) Deflection, 7

Sand: Reese’s method "




Passive Wedge-type Failure of Pile in Sand
(Reese et al., 1974)
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Key Parameters in Reese’s Method
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Back-calculated using tests of piles with level ground

Calibration of k Coefficient for p-y Curve
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Piles in Level Ground vs. behind Wall
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Physical Test Wall in Lab — Single Pile

2

Physical Test Wall in Lab — Group Piles

Static to Cyclic Lateral Load Test

Cyclic Lateral Load Test
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Stage of cyclic loading Pile head deflection during cyclic loading
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Stage of cyclic loading Pile head deflection during cyclic loading

Group piles with 2d offset
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Load-Deflection of Pile Head
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Summary

= Piles in the MSE wall can carry reasonable lateral loads
without socketed into bedrock.

= Piles had rigid rotation while wall facing had flexible
deflections.

= The MSE wall can tolerate a large local deformation (up
to 4 inches or 100mm).

= Modular blocks can “hide” the local deformation well.

= Lateral pile capacity in the MSE wall depends on the
distance to the wall facing.

= Pile group effect depends on pile spacing and the

distance to wall facing. 6
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= Numerical method can reasonably simulate the laterally
loaded pile in the MSE wall, especially after considering
strain hardening, confining and compaction effect, and
discrete blocks.
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