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Soft Soil Challenges
Island Expressway Bridge over Wilmington River

Savannah, Georgia
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Causton Bluff
Bridge

Kinder Morgan Elba Island
LNG Terminal

Downtown
Savannah

Westside
Bluff-better soils

Eastside
Marshland

Terracon Work
• Not original geotech engineer for design
• Pile PDA testing & pile integrity investigation
• Vibration monitor
• WB and EB Bridges East Embankment Investigations
• West Wall Review
• Crane support over marsh

Two bridges
WB bridge completed

West (MSE) Wall
550 ft long
40 ft tall

Main Span
1958 ft Initial Design
2344 ft New Design

East (MSE)
Wall-386’

30’ tall

East
Approach

WB Bridge Foundations

• Spans over water: piled footings on 30” and 24” square
PSC piles;

• Spans over land: piled footings on 24” square PSC piles;
• PDA testing for pile capacities;
• Pile length: variable between 45 to 100 feet

East Wall 2A

West 1A
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West Wall- March 2019

• MSE (mechanically stabilized earth) walls
• Wall footings
• Precast concrete panels

Metal casing for end
bent piles

Concrete footing for
concrete panels

West Wall- March 2019

• Tensar wall design
• Uniaxial geogrid cast-in the panel
• Bodkin connector for geogrid
• Compacted fill over geogrid
• Rely on friction between fill and grid

West Wall- Jan 2020

• Constructed to almost full height
• Panel bulged out by 3-4”-rejected
• Panel removed and fill excavated
• Re-build for the second time

10 months later

PSC piles inside metal shell casing
Sequence: piles driven before

wall construction

West Wall- Jan 2021

• Second time re-construction by a second
contractor

• Panel shifted and bulged out
• Footings settled 2”
• Wall contractor questioned the fill quality
• Friction between fill and geogrid

12 months later

West Wall- August 28, 2021

• The 3rd time was the charm
• Foundation settled 2”-Not a problem
• Problems in construction techniques?

8 months later

Wall 1D
Temporary

No settlement Wall 1B

Wall 1A
Settled 2”

Soil Profiles along West Wall (1A)

Thick sand layer

10 ft clay

Soi l profile is drawn based on the boring
logs in the WFI report by United Consulting
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Discussions of West Wall

 Three times, three contractors, same wall
system.

 Differential settlements between 1A and
1D-rotation to bulge out?

 Sequence, workmanship and compaction?

 Wall 1C was RECO system-built by the third
contractor-acceptable.
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East Wall- March 2019

• Wick drains
• Prefabricated drainage strip
• 3 staged construction
• Wait time to allow consolidation

Saltwater Marsh

East Wall- Nov 2019

• WFI report commended 3 stages
• 45 to 60 days waiting between stages

Uniaxial grid-level and tight
TX grid for additional

reinforcement

East Wall- Nov 2019

• About 1/3 of the design height (~30’)
• Large settlement (~2 ft)
• Panels bulged and tilted

East Wall- Nov 2019

• Arial view of the 1/3 wall height
• Excessive foundation settlement (~2 ft)
• GDOT issued a change order and time extension
• Remove wall and replace with 3 bridge bents

Remove wall
Three new

bents
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Soil Profiles along East Wall (2A)

Upper sand layer

20 ft clay
Thicker and weaker than

Wall 1A

Soi l profile is drawn based on the boring
logs in the WFI report by United Consulting

Two questions:
Staged construction & global stability

 Staged Construction.

 The Geotechnical Report
recommended three-stage
construction.

 West Wall: took one year to build;

 East Wall: precast panels were on
at the beginning. Footings
settled>24” at stage 1.

 Attach precast panels to the wired
wall can be difficult-especially if
the ground settles.

Photo credit:
Tensar

Global Stability

 The large settlement an indication of
global instability?

 Who is responsible for performing global
stability analyses? Geotechnical for the
WFI? Wall designer?

Elba Island LNG Terminal

Over 9,000 piles for
liquefaction project

Over 1,960 piles in each tank

Containment dikes

Elba Island LNG Containment Dikes D-4

Wick drains and drainage strips

15-ft tall earthen dikes
3:1 side slope
Flexible construction schedule

Special measures:
• Controlled rate of fill placement, one lift per week or slower per monitoring data.
• Inclinometer to monitor lateral movements to forecast potential sliding.
• Pore pressure sensors to check pore pressure dissipation.

Elba Island LNG Containment Dikes D-5

Ground improvements using rigid
inclusions MSE Wall by RECO system
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East Approach Slab and Embankment
(July 2021)

MSE wall to 3 bridge bentsNew issues reported in
July 2021

East Approach Slab and Embankment
• Max fill=10 ft

• Length=300’

• Settled 5.8” from March to June 2021

• Differential settlements

ONC1

ONC2

NC1

NC2

NC3

NC4

NC5

NC6

MC1

MC2

SC1

SC2

SC3

SC4

SC5

SC6

OSC1

OSC2

MD1

MD2

59+00L

59+00R

PROJECT SITE IN 2021

Boring in the WFI report

ONC1

ONC2

NC1

NC2
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NC4

NC5

NC6

MC1

MC2

SC1

SC2

SC3

SC4

SC5

SC6

OSC1

OSC2

MD1

MD2

59+00L

59+00R

PROJECT SITE IN 2012

Wall was on edge of marsh

Marsh Edge-West
Qt=1 to 2 tsf

S=50”

Marsh Edge-East
Qt=10 to 20 tsf

S=2”
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Fill

Settlements=12 to 2”

Soft Clay

EastWest

Dense Sand
Recommended Solution

• Demolishing approach slab

• Excavate embankment

• Install rigid inclusions

• Re-construct approach slab and embankment

What is rigid inclusion:

Ground improvement like
auger cast piles without

steel reinforcement

Ground Improvements by Rigid Inclusions

Design-build by Menard (US Wicks)

Each day production.  10 to 40 columns/day. Two weeks of
drilling

Rigid Inclusion Installations

Design load=81 kips, tested to 239 kips.
Deflection=0.3” at 122 kips and 1.6” at 239 kips.

Production criteria:
4 feet embedment into dense sand;
Crowd pressure 200 bars
Rate of penetration<15 ft/min

Test column
15.6” and 42 ft

long

Displacement drill
Densification of

sand

Paving and completion
Load transfer platform (LTP)
Two layers of geogrid and graded
aggregate base (GAB)

Pouring transition slab

EB

Fill Height=0.3 to 7.5’
Settlements=0.2 to 6”

Two options:
Preloading with surcharge
Rigid inclusions as WB bridge
(GDOT selected)

September 2023
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PROJECT SITE IN 2021
SPT vs. CPT

Soil borings in the WFI

Soil borings in the WFI

Advantages of CPT over SPT

• Continuous data
• Digital and more accurate
• Operator independent

WOH

𝐶𝑣 =
𝑇50 ∗ 𝑅 2

𝑡50
𝑡𝑣 =

𝑇𝑣 ∗ 𝐻𝑑𝑟2

𝐶𝑣

CPT
Soundings

Depth (feet,
BGS)

Clay
Thickness,

H (feet)

Consolidation
Coefficient, Cv

(ft2/day)

C3 36.0 7 0.05

C6 24.1 29 0.15

C9 19.4 15 2.01

C9 13.5 15 3.37

Comparison of Cv with laboratory consolidation tests

• Nine Shelby tube samples for consolidation tests.
• All samples were under MSE walls, away from

embankments.
• The minimum Cv were 0.02 and 0.03 ft/day.
• Prediction of consolidation time is very rough.

Time rate of consolidation

Recommendations

 CPT is preferred for coastal regions and sites with soft soils for
subsurface profiling and soil characterization.

 More extensive geotechnical study for walls in coastal areas with
variable soils (different from bridges on piles).

 MSE wall construction requires experience and attention to detail.

 Global stability and settlements are critical considerations for walls and
embankments over soft soils; The two-stage MSE wall construction is
suitable for sites with a limited amount of settlement. Ground
improvements will be needed for sites with large settlements and global
stability risks.

 Contracting methods (public vs. private) and risk allocation are key
factors for ground improvement options.

Thank You!

Any Questions / Comments ?

Guoming Lin, Ph.D., G.E., D.GE

Terracon Consultants

Savannah, Georgia

P: (912) 629 4000

E: guoming.lin@terracon.com
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