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Background: Geosynthetic Reinforced Soil (GRS)
@

Bridge abutment
https://www.forconstructionpros.co
m/concrete/article/22392879/belgard
-partof-oldcastleapghow-grsibs
and-anchordiamondpro-pin-
systemsavedconcretebridge
project#&gid=1&pid=4
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A Backfill properties

A Reinforcement
properties

A Vertical spacing . : -

A FaCing Conditions Axial strain (%)

Deviator stress (lb/mzi

Triaxial compression test results of
reinforced and unreinforced dense
sands (Wu, 2019)

.
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Reinforced slope
https://geosyntheticsmagazine.com/2019/06/01/geaaidorcedsoil-structureseachnew-heights/
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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?

AFHWA promoted its use to Geosynthetic Reinforced Soil Integrated

Bridge system (GR3BS):

ABAOET ¢ OEIi A AT A AT 6Oh AT EI ET AOGAO OAOI
flexible design AT s 3 |

(Frictionally connected top 3 courses

Jointless
(Continuous pavement) Integrated Approach
Beam Seat

(Geotextile wrapped layers at beams
(Supported directly on bearing bed) to form smooth transitions)

Construction of U.S. 301
Trail Bridge with multi

= span GRIBS in

Zephyrhills, Florida

> (Daniyarovet al., 2017)

Bearing Bed
Reinforcement
(Load shedding layers
spaced < 6 inches)

Facing Elements

with a rebar and grout)

Orange Avenue Bridge in
Tallahassee, Florida
https://ncma.org/updates/p

rojects/floridamanages

GRS Abutment
Scour Protection (Rip Rap) (Reinforcement spacing < 12 inches)
(If crossing a water way)

| Single span <140 ft

Reinforced Soil Foundation

. orangeavenuebridge
(Encapsulated with geotextile) AbUtment helght<30 ft mngS/
Sectional view of GR$BS

>300 bridges with &
© GRSIBS in USA

| Service limit pressure 4 ksf
https://ncma.org/updates/news/Ains-solutionsto-bridge-constructiorchallenges/ |



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/
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Research Motivation

6

Performance testing

Material properties should be
5 . _— similar to that of structure to be

built »

4

/

f/
/@Q: of{GRS piers

Vertical Strain (%)
(8

1 .
: — (experimental proxy for GRS -
# 57 Florida | #57 Virginia / IBS) that utilize imaterials in
] _ Florida has not been evaluated
Limestone Limestone 0 — — T . — — T
LA Abrasion Loss (5) 38 23 0 5 10 15 20 25 30
Friction angle (de 44 .8SPTX 40.5bTX . .
gle (deg) Applied Vertical Load (ksf)
Max Density 96 108.7 .
. : - . 3548 AAOAA 11 OF A1 AEAI AJKIINPYRRE VB RIGeXt? 6a00
Min Density >.4 . $48 AAOAA i1 1AOCA AEAIAOGAO j ¢6q OOEABEAI OAOGO
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Project Objectives and Tasks

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

Aldentify service limits (e, = 1% ande, = 2%) and vertical bearing
capacity.

AMeasure aggregate strength properties with large diameter triaxial
tests.

ACompare findings to existing test results by FHWA.
AAdd to existing FHWA vertical bearing capacity dataset for LRFD.
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Project Tasks

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

ATas
ATas
ATas

2. Design experimental plan for performance tests
3. Performance testg Axial load-deformation tests on GRS piers

4. Compare performance test results with previous results and

predictions and make recommendations for GRS design in Florida
ATask-5: Draft final report and closeout teleconference
ATask 6: Final report
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Task 1: Review previous studies on GRS, design methods, material,

and construction practices

AFDOT requires LRFD design of GRS" 3 A A A | Gadsiniheic Reinfor€2d Soil
Integrated Bridge System Interim Implementation Guide 0FHWAHRT-11-026, except as
otherwise shown in the FDOT Structures Design Guidelines.

AMaterials

A Backfill
AQ CQE QI 1 CJ
A Poorly graded No. 57
A Well graded GAB

A Reinforcement
A Woven polypropylene geotextiles?Y; Thy 1T a0
A S, = lessor of 8 inches or height of facing blocks

A Facing
A Segmental retaining blocks (SRB)

A Approximately 20 GRS pier tests performed prior to this project

A A few GRIBS built with lightweight foamed glass aggregate (FGA)




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

and construction practices
AA: Bearing Capacity
A Based on Pham (2009) and Wu et al. (2013) work
A Concept of apparent cohesion
A Concept of apparent confining pressure
AsiT AT 60 AAAIT O1 O
A Presence of bearing bed reinforcement
A Behavior at the soil and geosynthetic interface
A Particle size applicability??

y l ('Y
e W=
A ”n L} Y

9] owgt v —
q

Wherery j is the ultimate capacity,, is the external confining pressure caused by the facingy is the reinforcement
spacing,Q is the maximum aggregate sizeY is the tensile strength of reinforcement is the internal friction angle of the
reinforced backfill, Gis the cohesion of the backfill, is the unit weight of facing block] is the interface friction angle between
geosynthetic and the facing blockQis the depth of the facing block unit, and is the coefficient of passive earth pressure
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Introduction of apparent cohesion due to reinforcement (Pham, 2009)
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Reinforced Soil

/ Unreinforced Soil \

g g a

93¢ %3r |

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



ZSAIE DS
& v @ -
o (= Emiyz

N Engineering

Task 1: Review previous studies on GRS, designh methods, material,

and construction practices
A B: Deformations

A Lateral DisplacementO

A Horizontal strain limited to 2% FHWAHRT-17-080 (2018)
A If vertical settlement is known

RO h FHWAHRT-11-026 Adams et al. (2012)

AO & NCHRP No. 241 Zornberget al. (2018)
A If vertical settlement is unknown

AO — QDo Q¢ WAHQE T O ORHWA Nethod

AO <T8—> oo(p of u—) Zornberg et al. (2018)

Comi redd) vndd oedd) @

Where] is an empirically derived relative displacement coefficient (dimensionless)pis the
reinforcement tensile stiffness defined by the secant modulus at 2% strain,is the reinforcement length, 1
is the surcharge magnitude, and) is the atmospheric pressure.
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Task 1: Review previous studies on GRS, design methods, material,
and construction practices

A C: Reinforcement Strength

A"Y ( < _J>_ )"Y Pham (2009)
8

( -0 1Y Y, 3 QB poec

AY ¢ -0 7Y Y, 3 Q¢33 ye Zornberget al. (2018)
LL') r“Y[(x (—i)(— 0()] Y, 3 "Q¢be 3 poc

Where K, Is the active earth pressure coefficient, is the backfill total unit weight, H is the total height o

GRS composita) is the depth of backfill at position i, and/, is the change in the horizontal earth
pressure of the backfill due to the applied surcharge



Task 2: Design experimental plan for performance tests

Type Maximum Dry  Compacted to Dry Peak Friction Cohesion Type Ultimate Tensile S, B (ft) H/B
Unit weight pcf)  Unit weight (cf) angle (psi) Strength,T(Ib/ft)  (inch)
(degrees) (MD X CD)
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 TerraTexHPG57 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 TerraTexHPG57 4,800 x 4,800 8 3 2
PT-07 FGA 16.75 18.20 54.0° 1.28 Mirafi HP770 7,200 x 5,760 8 3 2
MEVN #57 stone 96.2 97.00 44.08 0 Mirafi HP570 4,800 x 4,800 8 3 2

** Block cellsin the upperthreecoursesf blockscontainconcreteandrebar,? basedona12in x 12in directsheambox
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Task 2: Design experimental plan for performance tests

AMaterials

Adg egate Geotextile

7l RCAGAB _&,‘r« ,

D el
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32.75"
ADISplaCement ‘ f‘qotgng 3 § -
A Vertical: Four at top of footing @ Fat Sasl | (o)

bl Instrumented  Layer-7

A Lateral: Five on each wall

AReinforcement strain
A Strain gauge: First test

o277 Instrumented Layer-6 [+

"%l Instrumented  Layer-5 | *7"'s

72"

27| Instrumented  Layer-4 s

02| Instrumented  Layer-3 [iinre

LX

A Fiber optic strain sensor

Rt ,8.5",8.5",8.5",8.5",
Sritia 7 1 1 7 )

A Five geotextiles instrumented

60"

AEarth pressure

A Vertical: At the bottom
A Lateral : At the mlddle of the pler

AApplied load

qbdde%

A Load cell

2 Installation of strain gauges and fiber optic strain sensor
Lateral displacement measurement SG Strain GaugeFOP. Fiber optic cable

60"

k
p 128 p 12"
1 1 1 1

12

18"

18"
1

y 12"
1 1




Tensile force (1b/ft)

HP 770
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Task 2: Design experimental plan for performance tests

geotextile: Test
specimen with strain

Test specimen with
fiber strain sensor
installed

Strain (%)
Tensile strength results

Uniaxial tensile tests of

gauges installed; and

Percent passing (%)

A Aggregates

100 : (2)

90 —6—No. 57
i RCA-GAB
80F FGA

70F

60F

50F

40F

30F

20F

Aggregate size (in)

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

80 r (b) e ———
—G—PT-.OI :;,, T
70F —O—pT-02| Jf‘ ]
- —8—PT-03 A
Zeok ——PT-04 i
5 —#— PT-05
2 PT-06| - ? :
“S50F PT-07| - 3
= —4—r1-08 )‘
= :
:, i
O
g Y
S30F : "\\‘ ]
“~ : 0
= : i
5 20F : : ]
I [
10F ,3/“ H
O 2 2
0 50 100
Dry unit weight (pcf)
15



Task 2: Design experimental plan for performance tests

No 57 No 57
AAggregates — al — -
v’ =4 in: 10 psi 4 in: 20 psi B
! ‘ = 2 * ieesoete < ak 4in: 30 psi = = 6in: 10 psi ot
5 /| - 2 A - (,:::20;:: - 6:2:302: S
| 100k £
‘. [ 2100 £
j o) g z
o 2 2
c 5 3
@ = 50 g
> =
$5 & 2
£ E
OO 0
= O
j2 8— Axial strain (%) Axial strain (%)
> 3 §
7 % 10 RCA-GAB_ . RCA G:A—B‘
= 5 e
S 2300t S LT
é 7] 54 B
- & g
= = %
‘, = 7200 23
- IR A g A s B 2ot
6 AEAI AOGAO £~ E
Strength properties at peak a e 21t
Aggregatetype Peak f os b ; _ _ 0, _ _ _
Eriction Apparent Interface properties between 10 s 0 s 100 -
o . Geotextile and Backfill Axial strain (%) Axial strain (%)
angle(®) Cohesion

(psi) Geotextile Interface friction anale (° Interface properties between Geotextile and blocks
NN No 57 RCA-GAB Geotextile Interface Friction angle (°
45.21 0

NG 0 HP570 4223 40.39 HP570 2186
RCA-GAB #inch specimen [EEURROE! 1491  HPGH7 37.95 3835 HPG57 22.75

RCA-GAB &-inch specimen 58.41 2.87 HP770 37.66 37.33 HP770 21.84




Task 2: Design experimental plan for performance tests

ABottom-Up pier

construction
A Laying facing blocks
A Placing and
compacting backfill
A Laying down
geosynthetics

Q

y RN oo ; ' S e
(a) Laying the face blocks, (b and c) Placing and compacting backfill, (d) Laying down geosynthetics, (e, f, and g) RAgeétd achieve final height

PT-08



Task 2: Design experimental plan for performance tests
| ] J ! ! L ‘(f

—

Jack and Load cell= a-f
-

' = ==

//

i

7
1

Reaction Frame
W 14 X 90 Column
W 36 x 150 Beam

Lateral displacement
sensors

/ 'y
Completed and instrumented pier before testing PD1
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Task 3: Performance tests z axial load -deformation tests on GRS

70 1 v _ —

60

D
(e
T

n
o

(%)
e
T

Vertical applied stress (ksf)

3]
(e
T

10 1

AN
,Clideo.com

0 5 10 15 20
Vertical strain (%)
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Task 3: Performance tests z axial load -deformation tests on GRS

Geotextile: HP570 Geotextile: HP770_ Geotextile: HPG57

70 Y 70 170 :
——e— PT-01: No57 =—t—PT-02: No57 —a— PT-(3: No57
—t— PT-04: RCA-GAB PT-05: RCA-GAB g PT-06: RCA-GAB
b PT-07: FGA
60F 60F 60F

(V)]
=m0
T

50 50F

40 40f

30 30F

20 20F

Vertical applied stress (ksf)

10 10F

0 S 10 15 20
Vertical strain (%)

A plot of applied vertical stress versus average vertical strain
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Task 3: Performance tests - reinforcement strength and stiffness

Backfill: No 57

Backfill: RCA-GAB

70 70

T
—_— PT-OLTF:4.800 Ib/ft
—— PT-OZ.TF:7.2OO Ib/ft
—— PT-03.TF:4.800 Ib/ft

AHigher reinforcement
strength

AHigher vertical capacity

AHigher reinforcement
stiffness
A Stiffer load response

60F

S50F

40t

30F 30F

X —w— PT-04,T =4,800 Ib/ft
PT-05,T =7,200 Ib/ft
20F

e PT-06,T 4,800 Ib/fi 1
- 10 o j -
_._Z _A : 0 : . :

5 10 15 0 5 10 15

3]
(=]
T

(=]
T

(=R

70 Backfill: No 57 70 Backfill: RCA-GAB
—e— PT-01,T,=4,800 Ib/fi
—a—PT-03,T,=4,800 Ib/ft

60 60F

Vertical applied stress (ksf)

S50F

"‘j {1 4o

30F

—w— PT-04,T =4,800 Ib/ft

|
1 20} e PT-06.T,=4,800 Ib/f i
K ]

) ) ]

0
15 0 S 10 15
Vertical strain (%)

Reinforcement Strength

Reinforcement Stiffness




Task 3: Performance tests - concrete fill

AConcrete fill

A Increases initial stiffness
of the global stress
strain up to 7.25 ksf

A Reduces the vertical
capacity slightly

A More cracks on blocks

60 Up to Failure 20 Up to 2 % Vertical strain
—e—PT-01,T,=4,800 Ib/ft
—a— PT-08,T,=4,800 Ib/ft

S0F

N
(]

[\®]
()
T

Vertical applied stress (ksf)
W
()

10F

N

0 3 10 15 0 0.5 1 1.5
Vertical strain (%)

A plot of appliedvertical stressversusaverageverticalstrain



Task 3: Performance tests - lateral displacement

PT-01

lllustration of lateraldisplacemenafterthetest
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2ksf =258 ksf

—— 2 ksf ~fe 25.93 ksf

25.9 ksf|

'+2

Z —B—ikst  ——3L10kst]| 2 —— —— 204 —— o i
s 19ks aksf 3119 ksf i 4.0kst 31.2ksf
—O—73ksf =—Pp—36.4ksf —O— 7.3 ksf 41 ksf S| =73 kst 392 ks,
10 —€— 126 kst —e—458ksf [| 10 —— 126 ksf anikst | 10 S | 127 kst 471 ksf]
.y S| e 179 ksf 9 —— 17.96 ksf —H#— 53.12 ksf 5. g ;
0 i : : o : ; 0
0 0.5 1 15 20 1 15 20 0.5 1 1.5 2 25 3
) PT-04 PT-05 PT-06
= 708 R 70k X 7 T
2
a J
S 60 60
)
g5 SORY 5
]
S 4 { 40 40 ;
=)
o
83 o T, A% [T 30 T, O T P 30 : ; Seeek
g SRR S RN BN R auu Ul hnR e R i
S 2 =620kt ——26.1ksf] 2 —0—20ksf ——26.1ksf] —©—20ksf —J— 256 ks
= A—B—4.0ksf —H—314ksf] —B—d0kst —H—314ksf C|—B—38kst —HE—308 kst
8 10 =674kt —P—30akst[ | —O—74kst —Pp—394 6 C|=O—73kst —Pp—d4.4ksf]
=l | =127 kst —he— 554 ksf] —€— 127 kst —dhe— 554 ksf| =123 ksf == 49.7 ksf|
,UE) & fuidinid |9 18.0 ksf —H—68.7 ksf) 3 _"__ 18.0 ksf +_ 68.7 kst ) o e 17,9 kst —W—53.6 ksf
a o 0.2 0.4 0.6 0.8 0.4 0.6 08 0 0.5 ] 1.5
107 — Comparisorof measureaverage
————————— —— lateral displacementsalong the

':f‘:ﬁ

——2.1 ksf = 20.6 ks!
—B—4.0ksf =226 ksf]

—O— 73 kst =—Pp=—25.9 ksf]
—— 12.6 ksf —de—26.6 ks

S =0—=2.0ksf
S| =B—39ksf =250 ksf|
| =O—73kst —P=31.0ksf

T | 17.9 ksf == 38.5 ksf]

=

—€— 12.6 kst —de— 36.4 ksf|

0.4 0.6 0.8 1

0.4 0.6 0.8

Lateral displacement (in)

facing walls at different applied
verticalstresses
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Task 3: Performance tests - lateral dlsplacement

fb ckfill tff Influence of concrete fill (Backfill: No 57 & Geotextile: HP570)
. . . I R Lo e wm 0]
AHigher stiffness of backfill |
A Lower lateral displacement v : » Y
ALower geotextile stiffness (HPG 57) & oo e
A Larger lateral displacement P g
R | A S 1 ,
A Concrete fill (in PT08) o Remeeed, | M
. s =Q- PT-07: FGA, I8 ks d
A Reduces lateral displacement T e A T
A Ch anges I ateral dISpI acement proflle ;g lnﬂlllenccofrcilnforcemenltstiffnc:s)(?ackﬁll: N?:7) : lnnueqceofreinf?rcemcmst'irfness(Ba'd:'.u: RCAl-GA:)
AHigher compressibility (FGA backfill) ﬁ," '
A Changes the displacement profile o
A Less displacement at the seventh blocl | . Rl el s
layer at smaller applied vertical stress - -0 rro. Itk S
A More compression at the top layer -rron |

L 1 1
0.04 0.06 0.08 0.1 0.12
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Layer 7-MD Layer 7-CD

Task 3: Performance tests - | | T
reinforcement strain

ATensile strain |  Applied
Ioadﬂ

AUpper layers (Layer 6 & 7)

A Tensile strains were the g T e
greatest near the facing blocks £ ] |
- . g SER i 42y S0 AL T e R TR e i) N BR B R o o rrn A e s st |
A MaX|mum Stra|ns were ;g) 5 -10 -sL 04_CD5 0 15 15 10 sL | 04MD> 10 15
around the center of the ke T S S e S e
geotextile within the soil mass 1 sesiihe et ihne ot I R st s RN s R
. . 0.5F W 0.5F M
ABackfill stiffness s i R S
A Affects the magnitude of ST T e
tensile strain | | e
A Doesn't affect the nature of B e Y e
strain distribution R R e R A A

Distance from center of geotextile (in)
Reinforcement strain distribution in geotextile at different applied vertical stress for PT05
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Task 3: Performance tests z tesnsion strain profile

PT-01 5 PT-02 15 PT-03
A Maximum i / ;5
reinforcement 0 i [ = ‘
strain . [ P = = jf) = S|
. . : 53ks —P—;t:OZk:?
A Within thetop = a=== K Pt
half Of the p|er 002 04 06 08 1 1 5 %% 15 2
he'ght E i PT-04 ; - . PT_06
. 'g_ 20 :8:381:2 1 i 2.0ksf
A Initially appears ., i | _f_
at the seventh 2, 3 ] = S
layer for lower & 1 st
vertical stresses 3 * oo ']
but shifts to the £ =
sixth or fifth = = T " v B
layer as more ‘
load is applied B
“ ——36 g _ _ Progression of geotextile
’ —He— 100 ks Comparison of maximum rupture from PT-05 test
35 reinforcement strain profile
40
45
5CO 0?5 1 5 0 0:5 l 1.5

Reinforcement strain, € (%)
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Task 3: Performance tests - reinforcement strain profile

15 Influence of backfill stiffness

AHigher backfill stiffness (RCAGAB) ||
A Small reinforcement strain
ALower backfill stiffness (No 57 & |
FGA)
A Greater reinforcement strain , !

o
o
>

2d

AHigher reinforcement stiffness
ALower reinforcement strain

Distance from the top of pier (in)

AConcrete fill (in PT08)
AReduces reinforcement strains ; e oreement e st
. . 40k Uk ] differ_ent applied vertical stress
AReduces the reinforcement strain at for different tests
the top L . S

Reinforcement strain, € (%)
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Task 4. Comparison with design methods: ultimate vertical capacity

FHWA Method
, (—) Y], *
n & . T ~|° Cw/U

U owgt v —
q

Wherer) § is the ultimate capacity, is the external confining pressure caused by the fatihig,the
reinforcement spacin@)  is the maximum aggregate siZ¥,is the tensile strength of reinforcemént,is the
internal friction angle of the reinforced backfilbjs the cohesion of the backfill, is the unit weight of facing block,
1 is the interface friction angle between geosynthetic and the facing liskhe depth of the facing block unit, and

0 is the coefficient of passive earth pressure
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 pieBackfill strength parameters
from a 6-in triaxial test were used in calculation

4mmm 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 pieBackfill strength parameters froma 6 -in
triaxial test were used in calculation
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