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About 15,000 years ago
C. Byrum

From Dorr & Eschman’s “Geology of Michigan”
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About 8,000 years ago
Retreat Rate  500’/yr

C. Byrum

From Dorr & Eschman’s “Geology of Michigan”
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From MDOT’s “Field Manual of Soils Engineering”

Melt-water Clay/Silt Liner



From MDOT’s “Field Manual of Soils Engineering”



From MDOT’s “Field Manual of Soils Engineering”



Soft Clay/Marl

Sedimentary-Amorphous Peat

Fibrous Peat

Woody Peat



No Swamp – Like New

Continuously Breaking Up 
and Moving over Swamp









1930s  1st recorded use of a “Textile” in Road construction in South 
Carolina.  Cotton based, so not very durable.

1950s  1st use of a “synthetic” material textile, a woven fabric used for 
beach erosion control in Florida. 

1960s  Use of geosynthetics explodes! Worldwide.

1970s  First modern polymer type geosynthetics
First documented use -embankments soft ground

1982  First Government subcommittee (Task Force No 25) formed 
with goal to make first specifications for use in transportation works.  
International Geotextile Society was formed.

1990s MDOT adds geotextile classes/specifications to the Standard 
Plans for Construction.  MDOT’s first Geogrid Special Provisions.

From: FHWA-HI-89-050, Geotextile Engineering Manual



Example:   STRENGTH vs DEFORMATION:  



limited

10’ x 2’ Geogrid Strip
3” max. elongation allowed
3,500 lb load, no creep



Can we use a: 
“MDOT Commonly Used Special Provision” Geogrid?

MDOT “Biaxial Geogrid” special provision

MDOT “High Performance Biaxial Geogrid” s.p.



Step 1: Calculate Limiting Percent Strain

%strain = (3)/ (10*12) x 100 = 2.5% strain max.

Step 2: Calculate lb/ft Service Load in Geogrid 

Service Load = 3,500/2 = 1,750 lb/ft resistance

Step 3: Find Products that can meet this spring 
stiffness requirement and be below creep threshold 
for the material.  

Geosynthetics are Complex Non-Linear Springs
that work in “Tension” only. 

They “creep” at load levels below ultimate strength.



Can we use a: 
“MDOT Commonly Used Special Provision” Geogrid?

MDOT “Biaxial Geogrid” special provision

MDOT “High Performance Biaxial Geogrid” s.p.

620 lb/ft @ 2%  need 5-ft wide strip… NO GO
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Geogrid Percent Strain

Biaxial

HP Biaxial

polypropylene



1,750 lb/ft @ 2.5%  3,500 lb/ft @ 5.0%

Reduction factor for creep = 9790/6660 = 1.47
creep strength is 68% of Ultimate

58% of Ultimate



1,750 lb/ft @ 2.5%  3,500 lb/ft @ 5.0%
120-yr  92500/(2.6*1.05*1) =  3615  OK

37% of Ultimate





Bridge Abutment Stability Analyses



Approx. 2% stiff = 384 628 740 852 1424 1592 2056

No. of Layers = 13 8 7 6 4 4 3



Separation and Filtration

Migration of silt 
and clay fines up 
into aggregate 
base air voids = 
settlement and 
rutting



4G- OG

21AA - DG

Class II or Sand

Clayey Sand/Sandy Clay

Fat Clays, very low sandFi
ne

r  
   

   
   

   
   

   
   

   
   

   
   

 C
oa

rs
er



…compared to the “glass beads” test for fabric:
O95 = AOS = 95% passing opening size for fabric
O50 = mean opening size in fabric



US Army Criteria

POA = % open area

kG – geotextile
permeability

ks – soil permeab

Permittivity, gal/ft2/min
per psf of head

kG…Q=kiA flow

O95 = AOS = 95% passing size for fabric
O50 = mean opening size in fabric



MDOT Criteria

Permittivity, gal/ft2/min
per psf of head

= 1/min



CASE 1:
Switch an Aggregate Road 
to a Paved Surface, over

20 to 30 feet of peat and marl.

*Small (1- 2 ft) Grade Increase
*No Embankment Widening
*Embankment H < 3 to 4 feet



Maltby Road- near Brighton, MI





groundwater

Peat Marsh

Old Dirt Road- Silty Clayey Sand w/ Gravel

Cross Section



Heavy-Stiff Fabric

Typical 21AA Agg-Base/AC

Medium-Stiff Geogrid

Open Stone/Lightweight Slag





Constructed to Smooth 
Elevation Grades





AC mixture is doing well, and appears 
to be unusually flexible – ideal.

Big Settlement – No Settlement Cracks 



CASE 2:

UTILITY CONTRACTOR 
BROKE THE EMBANKMENT!!! 



Primary Shear



“Secondary/Sympathy” Shear



Laterally Squeezed
Bulging Uplift Area

Edge of Recent Fill



H = 6 to 7 feet

Previous Scenario



Utility Contractor Adds Weight



Road Centerline E.O.M.

Reaches  F.S. = 1.0 Condition



Sand Cover on Fabric

Super-Stiff Fabric

Super Duty Geogrid

Geo-Foam (EPS)

S.F.R.C. 65#/cyd, 5”
HDPE Gas/Fuel Protection Liner

Lightweight Aggregate (slag)
Medium Geogrid

Separator Fabric

21AA & AC

SOLUTION



Old Embankment Weight:

1(150) + 5(125) = 775 psf 

Sliding and Squeeze factors of safety 
near 1.0 for 6-ft of fill.

New Embankment Weight:

1(150) + 3(10) + 1(125) + 1(85) = 390 psf 
(50% of Previous)

Internal forces restrained by new AC, grids, 
fabrics and S.F.R.C.























CASE 5:

DO NOT ENCROACH INTO 
THE WETLAND!!! 



ROAD FILL

PEAT MARSH

GWT



GWT

CONTINUOUS GEOGRID #1



GWT

CONTINUOUS GEOGRID #1

CONTINUOUS GEOGRID #2



GWT

GEOGRID #3

CONTINUOUS GEOGRID #1

The Anchors
CONTINUOUS GEOGRID #2





Preparation of marsh surface at base of EPS



Placement of EPS and Geogrid behind sheeting.



Proof-Load Surcharge

Pre-Load also Pre-Tensions the Grids
Prior to Base Compaction for Pavement



View of Final Product, Looking West







MSE Walls



Mechanically Stabilized Earth (MSE) Wall Design



Reinforced Soil Slope (RSS) Design

RSS is “global stability”
MSE is “wall” analysis
70-deg face is boundary
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Michigan’s State Fossil:
Mastodon

Byrum’s Favorite Michigan “Beach”
Grand Portal Point, Pictured Rocks



MDOT: Leader in Soft Soil Engineering, see 1920’s TRB proceedings
regarding MDOT swamp embankment research = great work!












