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Background: Geosynthetic Reinforced Soil (GRS)

GRS

Å Compacted Fill

Å Closely spacing 

reinforcement

Load-carrying 

capacity

Shear strength of 

soil mass

DisplacementSoil dilation

Applications
Å Bridge abutment

Å Reinforced wall

Å Embankment

Å Reinforced 

foundation

Å Reinforced slope

Bridge  abutment
https://www.forconstructionpros.co

m/concrete/article/22392879/belgard

-part-of-oldcastle-apg-how-grsibs-

and-anchor-diamond-pro-pin-

system-saved-concrete-bridge-

project#&gid=1&pid=4

Reinforced slope
https://geosyntheticsmagazine.com/2019/06/01/geogrid-reinforced-soil-structures-reach-new-heights/

Triaxial compression test results of 

reinforced and unreinforced dense 

sands (Wu, 2019)

ÅReinforcement
ÅProvides tensile 

strength 
ÅBehavior
ÅBackfill properties
ÅReinforcement 

properties
ÅVertical spacing
ÅFacing conditions

https://www.forconstructionpros.com/concrete/article/22392879/belgard-part-of-oldcastle-apg-how-grsibs-and-anchor-diamond-pro-pin-system-saved-concrete-bridge-project#&gid=1&pid=4
https://www.forconstructionpros.com/concrete/article/22392879/belgard-part-of-oldcastle-apg-how-grsibs-and-anchor-diamond-pro-pin-system-saved-concrete-bridge-project#&gid=1&pid=4
https://www.forconstructionpros.com/concrete/article/22392879/belgard-part-of-oldcastle-apg-how-grsibs-and-anchor-diamond-pro-pin-system-saved-concrete-bridge-project#&gid=1&pid=4
https://www.forconstructionpros.com/concrete/article/22392879/belgard-part-of-oldcastle-apg-how-grsibs-and-anchor-diamond-pro-pin-system-saved-concrete-bridge-project#&gid=1&pid=4
https://www.forconstructionpros.com/concrete/article/22392879/belgard-part-of-oldcastle-apg-how-grsibs-and-anchor-diamond-pro-pin-system-saved-concrete-bridge-project#&gid=1&pid=4
https://www.forconstructionpros.com/concrete/article/22392879/belgard-part-of-oldcastle-apg-how-grsibs-and-anchor-diamond-pro-pin-system-saved-concrete-bridge-project#&gid=1&pid=4
https://geosyntheticsmagazine.com/2019/06/01/geogrid-reinforced-soil-structures-reach-new-heights/


Background: What is GRS-IBS?

ÅFHWA promoted its use to Geosynthetic Reinforced Soil Integrated 
Bridge system (GRS-IBS):
Å3ÁÖÉÎÇ ÔÉÍÅ ÁÎÄ ÃÏÓÔȟ ÅÌÉÍÉÎÁÔÅÓ ȰÂÕÍÐ ÁÔ ÂÒÉÄÇÅȱ ÐÒÏÂÌÅÍȟ ÆÌÅØÉÂÌÅ ÄÅÓÉÇÎȟ 

flexible design

Single span <140 ft

Abutment height<30 ft

Service limit pressure 4 ksf

>300 bridges with 

GRS-IBS in USASectional view of GRS-IBS

https://ncma.org/updates/news/grs-ibs-solutions-to-bridge-construction-challenges/

Orange Avenue Bridge in 

Tallahassee, Florida 

https://ncma.org/updates/p

rojects/florida-manages-

orange-avenue-bridge-

with-grs-ibs/

Construction of U.S. 301 

Trail Bridge with multi-

span GRS-IBS in 

Zephyrhills, Florida

(Daniyarov et al., 2017)

https://ncma.org/updates/news/grs-ibs-solutions-to-bridge-construction-challenges/
https://ncma.org/updates/projects/florida-manages-orange-avenue-bridge-with-grs-ibs/
https://ncma.org/updates/projects/florida-manages-orange-avenue-bridge-with-grs-ibs/
https://ncma.org/updates/projects/florida-manages-orange-avenue-bridge-with-grs-ibs/
https://ncma.org/updates/projects/florida-manages-orange-avenue-bridge-with-grs-ibs/


Performance testing
Material properties should be 
similar to that of structure to be 
built

Design envelope (Adams et al., 2012)
3$48 ÂÁÓÅÄ ÏÎ ÓÍÁÌÌ ÄÉÁÍÅÔÅÒ ɉτȱɊ ÔÒÉÁØÉÁÌ ÔÅÓÔ
,$48 ÂÁÓÅÄ ÏÎ ÌÁÒÇÅ ÄÉÁÍÅÔÅÒ ɉφȱɊ ÔÒÉÁØÉÁÌ ÔÅÓÔ

Performance of GRS piers 
(experimental proxy for GRS -
IBS) that utilize materials in 
Florida has not been evaluated
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Performance 

of GRS

Reinforcement

FHWA, Tf Җ4,800 lb/ft

FDOT Tf җ4,800 lb/ft ??

Facing

Å FHWA, CMU

Å FDOT, SRB ??

Backfill 

Å Florida aggregates ??

Å Other Materials i.e. 

FGA?? 

Axial load at

FHWA 

Service limits

ev = 1% and 

eH = 2% ??

Research Motivation

Property # 57 Florida #57 Virginia 

Limestone Limestone

LA Abrasion Loss (5) 38 23

Friction angle (deg) 44.8 SDTX 40.5 LDTX

Max Density 96 108.7

Min Density 82 95.4



Project Objectives and Tasks

ÅPerform full-scale axial load-deformation tests on 8-GRS piers 
constructed with FDOT approved aggregates, geosynthetics, and facing 
blocks. 

ÅIdentify service limits (ev = 1% and eH = 2%) and vertical bearing 
capacity. 

ÅMeasure aggregate strength properties with large diameter triaxial 
tests. 

ÅCompare findings to existing test results by FHWA.

ÅAdd to existing FHWA vertical bearing capacity dataset for LRFD.



Project Tasks

ÅTask-1: Review previous studies on GRS, design methods, material, and 
construction practices

ÅTask-2: Design experimental plan for performance tests

ÅTask-3: Performance tests ɀ Axial load-deformation tests on GRS piers

ÅTask-4: Compare performance test results with previous results and 
predictions and make recommendations for GRS design in Florida

ÅTask-5: Draft final report and closeout teleconference 

ÅTask 6: Final report



Task 1: Review previous studies on GRS, design methods, material, 
and construction practices
ÅFDOT requires LRFD design of GRS-)"3 ÁÃÃÏÒÄÉÎÇ ÔÏ ȰGeosynthetic Reinforced Soil 

Integrated Bridge System Interim Implementation Guide ȱFHWA-HRT-11-026, except as 
otherwise shown in the FDOT Structures Design Guidelines.

ÅMaterials
ÅBackfill
ÅὨ ς ὭὲὧὬὩί, ɮ  τςЈ
ÅPoorly graded No. 57
ÅWell graded GAB

ÅReinforcement
ÅWoven polypropylene geotextiles: Ὕȟ τȟψππ ὰὦȾὪὸ

ÅSvmin = lessor of 8 inches or height of facing blocks 

ÅFacing
ÅSegmental retaining blocks (SRB)

ÅApproximately 20 GRS pier tests performed prior to this project
ÅA few GRS-IBS built with lightweight foamed glass aggregate (FGA)



Task 1: Review previous studies on GRS, design methods, material, 
and construction practices
ÅA: Bearing Capacity
ÅBased on Pham (2009) and Wu et al. (2013) work

ÅConcept of apparent cohesion

ÅConcept  of apparent confining pressure

Å$ÏÅÓÎȭÔ ÁÃÃÏÕÎÔ

ÅPresence of bearing bed reinforcement

ÅBehavior at the soil and geosynthetic interface

ÅParticle size applicability??
Introduction of apparent cohesion due to reinforcement (Pham, 2009)

Increase in axial strength and confinement pressure (Pham, 2009)

ή ȟ „ πȢχ
Ὕ

Ὓ
ὑ ςὧὑ

ὑ ὸὥὲτυ
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ς

Where ή ȟ  is the ultimate capacity, „ is the external confining pressure caused by the facing, Ὓ is the reinforcement 

spacing, Ὠ  is the maximum aggregate size, Ὕ is the tensile strength of reinforcement,ɮ  is the internal friction angle of the 

reinforced backfill, ὧ is the cohesion of the backfill, ‎ is the unit weight of facing block, ‏ is the interface friction angle between 
geosynthetic and the facing block, Ὠ is the depth of the facing block unit, and ὑ  is the coefficient of passive earth pressure
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Task 1: Review previous studies on GRS, design methods, material, 
and construction practices
ÅB: Deformations

ÅLateral Displacement, Ὀ  

ÅHorizontal strain limited to 2%    FHWA-HRT-17-080 (2018)

ÅIf vertical settlement is known 

ÅὈ
ȟ

              FHWA-HRT-11-026            Adams et al. (2012)  

Å Ὀ
ȟ

ὼ        NCHRP No. 24-41               Zornberg et al. (2018)

ÅIf vertical settlement is unknown 

ÅὈ  Ὢέὶ ὩὼὸὩὲίὭὦὰὩ ὶὩὭὲὪέὶὧὩάὩὲὸ  FHWA Method

ÅὈ
Ȣ
 ὼ ρ ρȢςυ                       Zornberg et al. (2018)

‏ ρρȢψρ
ὒ

Ὄ
τςȢςυ

ὒ

Ὄ
υχȢρφ

ὒ

Ὄ
συȢτυ

ὒ

Ὄ
ωȢτχρ

Where ‏ is an empirically derived relative displacement coefficient (dimensionless), ὐ is the 
reinforcement tensile stiffness defined by the secant modulus at 2% strain, ὒ is the reinforcement length,  ή 
is the surcharge magnitude, and ὴ  is the atmospheric pressure.



Task 1: Review previous studies on GRS, design methods, material, 
and construction practices

ÅC: Reinforcement Strength

ÅὝ
Ȣ

Ὓ      Pham (2009)

ÅὝ ȟ

ὑ ‎ὌὛ Ў„3 Ὢέὶ 3 ρφͼ

ὑ ‎ὌὛ Ў„3 Ὢέὶ 3 ψͼ

ὑ ‎Ὓ ᾀ
ͼ

ͼ
ᾀ Ў„3 Ὢέὶ ψͼ3 ρφͼ

 Zornberg et al. (2018)

Where Kar is the active earth pressure coefficient, ‎ is the backfill total unit weight, H is the total height of 
GRS composite, ᾀ is the depth of backfill at position i, and Ў„  is the change in the horizontal earth 
pressure of the backfill due to the applied surcharge.



Task 2: Design experimental plan for performance tests

**  Block cells in the upper three courses of blocks contain concrete and rebar, b based on a 12 in x 12 in direct shear box.

Test No Backfill Reinforcement

Type Maximum Dry 

Unit weight (pcf)

Compacted to Dry 

Unit weight (pcf)

Peak Friction 

angle

(degrees)

Cohesion

(psi)

Type Ultimate Tensile 

Strength,Tf (lb/ft)

(MD X CD)

Sv

 (inch)

B (ft) H/B

PT-01 #57 stone 96.2 96.85 44.08 0 Mirafi  HP570 4,800 x 4,800 8 3 2

PT-02 #57 stone 96.2 97.59 44.08 0 Mirafi  HP770 7,200 x 5,760 8 3 2

PT-03 #57 stone 96.2 96.55 44.08 0 TerraTex HPG57 4,800 x 4,800 8 3 2

PT-04 RCA-GAB 115.9 113.28 58.41 2.87 Mirafi  HP570 4,800 x 4,800 8 3 2

PT-05 RCA-GAB 115.9 113.70 58.41 2.87 Mirafi  HP770 7,200 x 5,760 8 3 2

PT-06 RCA-GAB 115.9 113.94 58.41 2.87 TerraTex HPG57 4,800 x 4,800 8 3 2

PT-07 FGA 16.75 18.20 54.0b 1.28b Mirafi  HP770 7,200 x 5,760 8 3 2

PT-08** #57 stone 96.2 97.00 44.08 0 Mirafi  HP570 4,800 x 4,800 8 3 2



Task 2: Design experimental plan for performance tests

ÅMaterials

No 57 FGA HP570 HP770

Smooth face

Block

Facing blocks

GeotextileAggregates

RCA-GAB HPG57



Task 2: Design experimental plan for performance tests

ÅDisplacement
ÅVertical: Four at top of footing

ÅLateral: Five on each wall

ÅReinforcement strain
ÅStrain gauge: First test

ÅFiber optic strain sensor

ÅFive geotextiles instrumented

ÅEarth pressure
ÅVertical: At the bottom

ÅLateral : At the middle of the pier

ÅApplied load
ÅLoad cell

Footing

Pier

Lateral displacement measurement
Installation of strain gauges and fiber optic strain sensor
SG: Strain Gauge; FOP: Fiber optic cable

Vertical displacement measurement

Vertical earth pressure cell



Task 2: Design experimental plan for performance tests
ÅGeotextile

15
(a) Sieve analysis results; (b) Dry unit weight during construction

ÅAggregates

Tensile strength results 

Uniaxial tensile tests of 
geotextile: Test 
specimen with strain 
gauges installed; and 
Test specimen with 
fiber strain sensor 
installed



Task 2: Design experimental plan for performance tests
ÅAggregates
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Aggregate type Peak

Friction  

angle (°)

Apparent

Cohesion 

(psi)

No. 57 4-inch specimen 45.21 0

No. 57 6-inch specimen 44.08 0

RCA-GAB 4-inch specimen 47.03 14.91

RCA-GAB 6-inch specimen 58.41 2.87

Geotextile Interface friction  angle (°)

No 57 RCA-GAB

HP570 42.23 40.39

HPG57 37.95 38.35

HP770 37.66 37.33

Strength properties at peak 

Interface properties between 
Geotextile and Backfill

Geotextile Interface Friction angle (°)

HP570 21.86

HPG57 22.75

HP770 21.84

Interface properties between Geotextile and blocks



Task 2: Design experimental plan for performance tests

ÅBottom-Up pier 
construction
ÅLaying facing blocks

ÅPlacing and 
compacting backfill

ÅLaying down 
geosynthetics

(a) Laying the face blocks, (b and c) Placing and compacting backfill,  (d) Laying down geosynthetics,  (e, f, and g) Repeat A-C to achieve final height

Concrete fill with rebar

PT-08



Task 2: Design experimental plan for performance tests

Completed and instrumented pier before testing PT-01

Lateral displacement 

sensors

5 ft

6 ft

Footing

Jack and Load cell

Reaction Frame

W 14 X 90- Column

W 36 x 150- Beam

Vertical displacement 

sensors



Task 3: Performance tests ɀ axial load -deformation tests on GRS 
piers  



Task 3: Performance tests ɀ axial load -deformation tests on GRS 
piers  

A plot of applied vertical stress versus average vertical strain

Top view of the failed pier after the PT-01 test 



Task 3: Performance tests - reinforcement strength  and stiffness

ÅHigher reinforcement 
strength
ÅHigher vertical capacity

ÅHigher reinforcement 
stiffness
ÅStiffer load response
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Task 3: Performance tests - concrete fill

ÅConcrete fill
ÅIncreases initial stiffness 

of the global stress-
strain up to 7.25 ksf
ÅReduces the vertical 

capacity slightly
ÅMore cracks on blocks

A plot of applied vertical stress versus average vertical strain

Cracks



Task 3: Performance tests - lateral displacement  

Illustration of lateral displacement after the test

Comparison of measured average 

lateral displacements along the 

facing walls at different applied 

vertical stresses

æH

æH



Task 3: Performance tests - lateral displacement

ÅHigher stiffness of backfill
ÅLower lateral displacement

ÅLower geotextile stiffness (HPG 57)
ÅLarger lateral displacement 

ÅConcrete fill (in PT-08)
ÅReduces lateral displacement

ÅChanges lateral displacement profile

ÅHigher compressibility (FGA backfill)
ÅChanges the displacement profile

ÅLess displacement at the seventh block 
layer at smaller applied vertical stress

ÅMore compression at the top layer

A plot average maximum lateral displacement at different applied vertical stress for different tests



Task 3: Performance tests - 
reinforcement strain

ÅTensile strain      Applied 
load

ÅUpper layers (Layer 6 & 7)
ÅTensile strains were the 

greatest near the facing blocks

ÅLayer 4 & 5
ÅMaximum strains were 

around the center of the 
geotextile within the soil mass

ÅBackfill stiffness
ÅAffects the magnitude of 

tensile strain
ÅDoesn't affect the nature of 

strain distribution
Reinforcement strain distribution in geotextile at different applied vertical stress for PT-05



Task 3: Performance tests ɀ tesnsion  strain profile

Progression of geotextile 
rupture from PT-05 testComparison of maximum 

reinforcement strain profile

ÅMaximum 
reinforcement 
strain
ÅWithin the top 

half of the pier 
height 

ÅInitially appears 
at the seventh 
layer for lower 
vertical stresses 
but shifts to the 
sixth or fifth 
layer as more 
load is applied



Task 3: Performance tests - reinforcement strain profile

ÅHigher backfill stiffness (RCA-GAB)
ÅSmall reinforcement strain

ÅLower backfill stiffness (No 57 & 
FGA)
ÅGreater reinforcement strain

ÅHigher reinforcement stiffness
ÅLower reinforcement strain

ÅConcrete fill (in PT-08)
ÅReduces reinforcement strains

ÅReduces the reinforcement strain at 
the top

A profile of maximum 
reinforcement strain at 
different applied vertical stress 
for different tests



Task 4: Comparison with design methods: ultimate vertical capacity

28

Comparison of the measured and predicted vertical capacities(FHWA Method). 
(a) Based on peak friction angle; (b) Based on residual friction angle; (c) Based 
on secant friction angle at failure of GRS pier. Backfill strength parameters 

from a 6-in triaxial test were used in calculation

Where ή ȟ  is the ultimate capacity, „ is the external confining pressure caused by the facing, Ὓ is the 

reinforcement spacing, Ὠ  is the maximum aggregate size, Ὕ is the tensile strength of reinforcement,ɮ  is the 

internal friction angle of the reinforced backfill, ὧ is the cohesion of the backfill, ‎ is the unit weight of facing block, 

 is the interface friction angle between geosynthetic and the facing block, Ὠ is the depth of the facing block unit, and ‏

ὑ  is the coefficient of passive earth pressure

ή ȟ „ πȢχ
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Comparison of the measured and predicted vertical capacities(Hoffman Method)
(a) Based on peak friction angle; (b) Based on residual friction angle; (c) Based on 

secant friction angle at failure of GRS pier. Backfill strength parameters from a 6 -in 
triaxial test were used in calculation

ή ȟ

Ὕ

Ὓ
ὑ

FHWA Method

(ÏÆÆÍÁÎȭÓ -ÅÔÈÏÄ


