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ready technologies
and getting them into
widespread use
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Steps to Move Forward

2012 Deployment Goals

- 30 bridges have been designed and/or
structed using GRS-IBS on the NHS within 20



Technology Overview

“i’fﬁ/ The Current Bridge Situation

Approximately 600,000 bridges in the U.S.
any have functional or structural
‘deficiencies

! t are small single span

gets don’t meet de
lges for your dollar

uild more




‘GRS FUNDAMENTALS




History

- Reinforced earth has been used for
thousands of years. Ancient
- reinforcing materials have included:

— Straw
ee branches
nt material

nically Stabilized Earth (MSE)
Os: Steel strips (Reinforced Earth®
0s: Geosynthetic reinforcemer


http://www.youtube.com/watch?v=v-osZmqVWSc&feature=related

GRS Fundamentals
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3RS - Geosynthetic Reinforced Soil

— An engineered fill of closely spaced (< 12”)
alternating layers of compacted granular fill material
 geosynthetic reinforcement

ntegrated Bridge System

t, cost-effective method of
ds the roadway into the s
nology

pport that
using GRS




Degree of Composite Behavior
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GRS Fundamentals

Cut-away of a GRS Mass




GRS Fundamentals

Cross-Section of GRS-IBS

Jointless

. Integrated Approach
Beam Seat (Continuous Pavement)

(Geotextile Wrapped Layers at Beams to
(Supported Directly on Bearing Bed) Form Smooth Transition)
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Facing Elements _
(Frictionally Connected — 22 Bearing Bed
Top Three Courses Pinned and Grouted) Reinforcement
e (Load Shedding Layers

X Spacedat £6in.)

T

GRS Abutment

(Reinforcement Spacing < 12 in.)

Scour Protection (Rip Rap)
(If Crossing a Water Way)

Reinforced Soil Foundation

H\‘—t (Encapsulated with Geotextile)




GRS Fundamentals

Summary of Benefits

educed construction cost (25 - 60%)
2d construction time
ction less dependent on weather conditions

lesign - easily field modified for unforeseen site
s (e.g. obstructions, utilities, di '

maintain (fewer bridge p
Advantages



GRS Fundamentals

Site Selection

ingle span (currently 140 ft)

0 ft abutment height

2 separation

’_ C_rossings with low scour potential
r concrete superstruc

r replacement struc



GRS Fundamentals

Facing Elements

e Split face CMU Block
— Dimensions: 7-5/8” x 7-5/8” x 15-5/8”
— Readily available
— Inexpensive

— Compatible with the frictional
connection to the reinforcement

— Material Specifications:
e Compressive strength > 4,000 psi
e Water absorption limit: 5%

* Must be designed for freeze-thaw
protection (ASTM 1262-10)



. GRS Fundamentals
&= Geosynthetic Reinforcement
e Geosynthetic reinforcement material can include:

— HDPE, PP, or PET Geogrids

— PP or PET Woven geotextiles

e Ultimate Strength: Tf = 4800 Ib/ft
e Strength at 2% Strain: T@€=2%
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GRS Fundamentals

_ Geosynthetic Reinforcement
o Continued

e Uniaxial (strength in one direction)
e Biaxial (strength in both directions)



GRS Fundamentals

S

e "-.K

2 Ner, o .
(| (e Granular Backfill

L =1 L-.

Vell graded
d < 2”

~ Ymax —

200 sieve < 12% (Pl < 6)
¢ > 38°

s
f) aded
¥ i

, V4
: dmax <l

ax. OK but more
cult to place

ieve < 5% (Pl < 6)
> 38°




site Structure
onnections




ERFORMANCE Testing and
- Monitoring




GRS Fundamentals
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Also known as “Mini-Pier” experiments

rovides material strength properties of a
yarticular GRS composite

dure involves axially loading the GRS
o measure lateral and vertical
ation




GRS Fundamentals

Performance Tests continued

Top View - Side View




GRS Fundamentals

Performance Tests continued

Concrete Pad ) )
L Hydraulic Jack

r}

— Bearing Plate
1~ Steel Plate

1
— Coupler

Concrete Base Reaction Pad © Steel Channels




GRS Fundamentals




Performance Test
2400 Ib/ft @ 8” Spacing













4.9 ksf
(235 kPa)










(407 kPa)













15.3 ksf
(733 kPa)




16.7 ksf
(800 kPa)




Y

(%))
-z
—
o0
—

(867 kPa)




16

12 14

10

Vertical Strain (%)

20 T
18 +
16 |

N o o0 (o] <t (Q\] o
— —

(1sy) aunssalid palddy



Performance Test Results

+| ——Vegas mini-pier

1| =FHW pier

| =—Defiance mini-pier
1| = GSGC test

Applied Pressure (ksf)

Vertical Strain (%)



Performance Monitoring
-

k ll l'r:.h*f-"t.l'l*nﬁ"'1I g

Settlement Monitoring continued

7.

7’-

_;-_-rﬁ',rﬂmr‘! W

"ﬂnflﬂ ‘ Jl.




Settlement is recorded for
both the wall face and the
superstructure

The difference between the
settlement on the wall face
and the superstructure is
the compression within the
GRS mass

Performance Monitoring

Settlement of
superstructure

Settlement
of wall face

(Beam seat and IBS Detall)



Performance Monitoring

Settlement Monitoring continued
* EDM survey

e Bowman Road

Time (Days)
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Performance Monitoring

Settlement Monitoring continued
* EDM survey

e Tiffin River

Time (Days)
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o 117
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t
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® North footing
e North Wall
= South footing
+ South Wall
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Design of GRS-IBS
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Performance Monitoring

Lateral Deformation

Estimated

ot frequently measured on bridges

-
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an use EDM, Slope inclinometer,

ral strain limited to 1% o area +



Performance Monitoring

Lateral Deformation continued
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Performance Monitoring

Lateral Deformation continued

0.06

0.05 M
0.04 | - ﬁ

0.03 |

0.02

0.01

~—~
4
Nk
c
@)
=
@
&
| -
@)
[Tl
QO
)
'
| -
b)
]
@®©
-l

—=—Avg. Mid Wall Bulge |

——Theoretical Bulge

100 150 200 250 300 350
Time (Days)




Performance Monitoring
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- Compatible with thermal cycles
gfated transition behind the beam ends

wrapped face of the mtegrated approach:
nfines the soil 2
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Performance Monitoring

N = Thermal Cycles continued

. To measure lateral pressure behind beam end, place
vibrating wire vertical pressure cells behind the
beam end and connect to a data logger



Performance Monitoring

Thermal Cycles continued

e Tiffin River Bridge:

[ —— L ateral Pressure at beam ends on Morth Abutment |
| |——Lateral Pressure at beam ends on South Abutment
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NSTRUCTION OF GRS-IBS
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Construction of GRS-IBS
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Construction of GRS-IBS
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[ (X, Compaction
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Compaction of the fill is
xtremely important
_C mpact to 95% of
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Construction of GRS-IBS

Labor and Equipment

Common labor

Equipment: Non-
specialized
'— Hand tools
3 suring devices

vy equipment
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Construction of GRS-IBS

Reinforced Soil Foundation (RSF)

* Provides embedment and increased bearing area
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Construction of GRS-IBS

GRS Abutment

* The first layers are important for leveling and alignment










Construction of GRS-IBS

GRS Abutment continued

Wall Corners:

e Right angle wall corners constructed with CMU corner
blocks that have architectural detail on two sides

e Walls with angles # 90 degrees require cutting of the
corner blocks resulting in a vertical seam or joint. Fill with
~ adry concrete mix and install bent rebar

08716/2006




Construction of GRS-IBS
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GRS Abutment continued

Top of Facing Wall:

* The top three courses of CMU block are filled with
concrete wall mix and pinned together with No. 4 rebar

e reinforcement between the top two courses needs to
removed with a razor knife or burning to open the core
placement of concrete wall fill




Construction of GRS-IBS
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GRS Abutment continued

Coping:
» After filling the top three courses of block, a thin layer of
the same concrete mix is placed on top of the block, to
m the coping cap

en hand trowel the coping either square or round and
oed to drain




Construction of GRS-IBS
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Construction of GRS-IBS




Construction of GRS-IBS

Beam Seat Procedure:

1) Place pre-cut foam
board of 4 in” thickness

on the top of the bearing

1 reinforcement. The

m board should be

ed against the back

 of the CMU block.




Construction of GRS-IBS




Construction of GRS-IBS

GRS Abutment Continqeq

e

am Seat Procedure:

) The first 4” wrapped layer of
pacted fill is the thickness
top of the foam board

cond 4” wrapped layer
pacted backfill is to the
he 4” solid block

g the clear space

the surface aggregate of
am seat slightly high (to
t 0.5”) to seat the
structure level and

imize contact with the
Iring area




Construction of GRS-IBS

GRS Abutment continued

et Back: The distance between the back of the
cing block and the front of the beam seat

Beam Seat
Setback p>25 ftfor L, ,,2 25 ft
a28in. p>20ftforL,,, <25ft)



Construction of GRS-IBS

GRS Abutment continued

e Clear Space: The distance between the top of the
wall face and the bottom of the superstructure

> % Flush

i cement here —,

jﬂ " Concrete filled  \
: CMU with rebar —

3” min or 2%
of wall height




Construction of GRS-IBS

Superstructure
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Construction of GRS-IBS




Construction of GRS-IBS
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- Approach Integration continued

Trim reinforcement sheet to .
provide planned length after it R-ﬁ @-
is wrapped and place behind A

t am end. The width of the = -
“ should allow for

ng of the sides after the
ris placed and

cted. Wrapping of the
yrevents migration of the
terally.




Construction of GRS-IBS

_' Approach Integration continued

’lace a 6” lift of fill and
ompact per compaction
pecifi ations for road

econdary layer of
ement on top of
t, and then place
6” lift of fill and
t




Construction of GRS-IBS

Approach Integration continued

order to prevent lateral
oreading of the fill material
' oad/bridge interface,
forcement sheets
ng the wrapped
ould be folded over
e sides and

icular to the bridge
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Construction Video




" DESIGN OF GRS-IBS




GRS IBS Reports

Geosynthetic Reinforced Soil Geosynthetic Reinforced Soil
9 Integrated Bridge System Integrated Bridge System
Interim Implementation Guide Synthesis Report




Design of GRS-IBS

Design Process

ulate loads

nduct an external sta /SIS

uct an internal st B



Design of GRS-IBS

 DESIGN OF GRS-IBS
Establish Project Requirements
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[ (& Design Requirements

- Geometry
— Bridge layout (length, width, skew, grade, super-elevation)
— Wall layout (height, length, batter, geometry)
laterials
— Facing

forcement
Conditions
arges (soil, traffic)
e loads (dead load, live load)
nic |
nance Criteria

ign format (ASD, LRFD)

sign life

lerable deformations (vertica
ctors of Safety/Resistance Fa




Design of GRS-IBS

~ DESIGN OF GRS-IBS
: Perform a Site Evaluation




Design of GRS-IBS

-k =
o

W= Perform a Site Evaluation

b
= k-

onduct a subsurface evaluation for the foundation
0il: (1 boring per abutment)

— Density (y)

ction Angle (¢,)

esion (¢;)

rained Shear Strength (c,)

sndwater conditions =

o}
HTO (2003): “Standard Prac
ytechnical Subsurface Inves

(2006): Soils and Foun




Design of GRS-IBS

hind the abutment)

ty 2,

on Angle (4,)
sion (C,)




Design of GRS-IBS
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Perform a Site Evaluation continued

valuate soil properties for the reinforced fill
sity (v,)

on Angle (¢,) |
sion (c,): Assume cohesionless soil

um aggregate size: (d




Design of GRS-IBS
Design Example

DEN N IEICINEE S
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ok c=0
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VT d

REINFORCED FiLL: .
¢=LP?;L—-:*K“ = 0.%1 ReTAINED SOIL.:
c=0 ‘ &= 28° = Ko = 0.36!
Y= \10 pef C'= Q0O psk

Amex = 0.5° Cuz 2000 pSE
T ¥ = 195 pef

[T T T T TTT]

> =Y
: £ b".
\F-SF-‘ ¢ =0
=130 pcf

FounNpaTioN SoiL: @ =28°
c.! = 00 pst
Cu = 2000 pst
¥ = 130 pef




Design of GRS-IBS

~ DESIGN OF GRS-IBS
: Evaluate Projeqt,_ﬁFe_asibiIity




Design of GRS-IBS

= =
. %

Y.

[ (S Project Feasibility

s the proposed structure within the limits of the
nanual

Bridge Span < 140 ft
Il height < 30 ft
e foundation materials competent

t cost

cal requirements
ance objectives

r and/or channel inst




Design of GRS-IBS

Scour Design

YSC

Geotextile
Filter Fabric

Constructed Sloping Rock
Y. = Contraction scour plus long-term degradation referenced to the thalweg.
Y 1ot = Distance from top of riprap to bottom of riprap (3 x Dsgyiprs minimum and
keyed at least 1 ft (0.3 m) below top of RSF).
Wy = 3 X Dsgyigrgp 0or 2 ft (1.5 m), whichever is greater.
Wg = Wi + 3Y1y
Top of RSF (footing) elevation at Y., (or deeper) as recommended in HEC-18.




Design of GRS-IBS

~ DESIGN OF GRS-IBS
: Determine Layout of GRS-IBS




© Beam Seat .
Set back bz25ftfor L, 225ft
BE8In. b220ftfor L., <25Mfg

3” min or 2%
of wall height

Design of GRS-IBS



Design of GRS-IBS




Design Example

GRS-IBS Layout

be2s’

e T e o e T T S T Ty %

. a.‘
N 't ; '

b
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LIMITS 0F exeAVATION
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Buse # Brotal * & Brasa)=1.55
Yosr=L5




Design of GRS-IBS

 DESIGN OF GRS-IBS
: Calculate Applicable Loads




Design of GRS-IBS

Calculate Loads

affic live loads above embankment
“n above GRS abutment
s (from Bridge engineer)

loads from superstructur

oads from deign vehic



Design of GRS-IBS

Design Example

Design Loads

Gu= 1114 sk Qs = 38+ (125 pes) = 315 psk
T e e e T T L L T T .-: E’Hhﬁﬁﬂ?‘kﬁ(h?%}"?w&??&h‘féﬁh‘?’kﬁ?{_ £_£H.L‘bﬂ§7’w.-§

. 2 ™ Qeb = 25+ (130 pef ) = 260 pst ?
bidb b v 4 v v VLT T T DT T T T T

11025
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Design of GRS-IBS

- DESIGN OF GRS-IBS
: Conduct an External Stability
Analysis




Design of GRS-IBS

Designh Example

" External Stability — Forces continued

f
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Design of GRS-IBS




Design of GRS-IBS

Bearing Capacity

— qn 22.5

bearing ~—

v,base,n




Design of GRS-IBS

Global Stability

FS yiop 1.5




Design of GRS-IBS

Design Example

Global Stability continued

Results of Bishop Analysis

RESULTS DISPLAY PLOT J PRIMT CAPTURE SAFETY MAP

Color Code: Safety Factors

1
5 »2.58
5 248
4 235
| 5 2.78
G
— 218
| 7
g 2.08
q 1.98
| 10 1.88
11 1.78
12 1.68
13 :
-2
| 13
Re-Rum..
v I Hide Scale
= |"' | aridlines |

tCIick ko display distribukion of
available tensile resiskance

Strip load

SCALE [ft]
720

T oe point

+0
Minimurn Factor of safety = 1,58 ¥ = 333.45 ft, Right-click ko change
) Type or Length of reinf.
Radius = 17.31 ft. ¥ = 38079 ft. or soil parameters,




Design of GRS-IBS

Design Example

Global Stability continued

Results of Translational Analysis (Direct Sliding)
RESULTS DISPLAY  PLOT [ PRINT CAPTURE SAFETY MAP

lick. to display captured-critical :
bwio-part wedge along each interface: Strip load

1 Toe Elewvation |
| 2 SCALE [it]
3 Color Code: Safety Factors .
1 »2 83 20
| B 263
A 253
e +10
q 243
10 233
1 223
12
—= 213
13 -0
14 203
15 1.53
|
Toe point
FeRun...

v I Hide Scale

= | * | aridlines | | Fs minimum found in this run = 1,83 ¥ =N




Design of GRS-IBS

- DESIGN OF GRS-IBS
. Conduct an Internal Stability
Analysis




Design of GRS-IBS
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Itlmate Capacity (Empirical and Analytical)
Empirical Method
ytical Method

nations
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Design of GRS-IBS

Ultimate Capacity

e Empirical Method

— Use results from performance test

® Quitemp = Stress at 5% vertical strain

— Check that applied load (V, =g, + qy) is less than

pplied —
allowable load (Va”OW,emp)

qult,emp . CIult,emp

3.5

allow,em —
i |:Scapacity




Vertical Strain (%)

Design Example

Ultimate Capacity continued




Design of GRS-IBS

e Analytical Method

— Function of:

e Confining stress (o)

* Reinforcement spacing (S,)
* Ultimate reinforcement strength (7))
e Maximum aggregate size (d

max)

e Aggregate friction angle (¢)

— Check that applied load (V,jieq = Qp + dy,) is l€Ss than
allowable load (V

aIIow,an)

V . qult,an :qult,an

allow,an — FS

capacity




Design of GRS-IBS

Vertical Deformation

se results from performance test

F gorresponding vertical strain (g,) for
| ed dead load (q,)

ply by the height to esti
mation (D) within G

vertical




Design Example

Vertical Deformation continued

6

| Vertical deflection due to bridge load:
1 D,=0.4% (10.25 ft)

1 D, = 0.5 inches /

=
==
e
=
i
imc}
o
=
-8
-
]
-

//

10 15 20
Applied Vertical Load (ksf)




Design of GRS-IBS

Lateral Deformation

e Estimate from vertical deformation
e Based on concept of zero volume change




o Design Example
f?:{ Required Reinforcement Strength
Continued

Qro+ e= (35 psf

HEEREERN
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NN EEEN

Br= - o D bridge, 0




Design of GRS-IBS

e Use analytical equation
e Function of:

— Lateral stress (o0,)
* Measured beneath the centerline of the bridge load

— Reinforcement spacing (S,)

— Maximum aggregate size (d, ..}

— Aggregate friction angle (@)

&




" Required Reinforcement Strength
Continued

* The required reinforcement strength must
satisfy two criteria:

1) It must be less than the allowable reinforcement
strength (T_,,,,)

2) It must be less than the strength at 2%

reinforcement strain (T gg_zs) I




Standard Plans |




U. S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
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GRS-IBS
DESIGN DRAWINGS

INDEX TO SHEETS
A. COVER SHEET AND NOTES

B. QUANTTTIES & DESIGN DIMENSIONS
C. PLAN AND ELEVATION FACING BLOCK SCHEDULE

D. GRS-IBS ABUTMENT DETAILS

Mmandwopﬁﬂess}w}dhemnﬁm&qu{wmmwﬂlem
mpﬁorrowe FProject specifications should be prepared to supplement this

DESIGN
DES.I’GN LOADS AND SOIL PROPERTIES
d load: ture (gLL + gB) 2 TSF maximum (service load,
aﬂawable stress daslgn_] Roadway live load surcharge: 250 psf uniform vertical

Road Base unit weight = 140 pcf, thickness = 34-inches

“Poor” Soil Conditions:
Retained backfill: Um'twe!ghr-lz.':'pd;ﬁ'mona\ngje- 34°, cohesion = 0 psf,
{C > 200 psf fortemmrybacks!opecﬂmdf&ms

during construction. )

dmax > 1.0 Inches

Reinforced fill: mﬁtweiy.‘lthﬂ.‘iprf,ﬁidfmanyle 38°, ouhesion 0 psf
RSF backdill: Unit weight = 140 pef, friction angle = 38°, = 0 psf
Foundation soil: Unit weight = 125 pcf, friction angle = 30' mhes}an 0 psf

"Favarable" Scil Conditions:
Retained backfill: Unit weight = 125 pcf, friction angle = 40°, cohesion = 100 psf

S R

dmax > 0.5-Inches

Foundation soil: Unit weight = 125 pcf, friction angle = 40°, cohesion = 100 psf

Relnforced filf: Unit t = 120 pdf, friction angle = 42°, cohesion =0 psf

RSF backfill: Unit weight = 120 pcf, friction angle = 42°, cohesion = 0 psf
DESIGN SPECIFICATIONS

1 h P o

: Soil d Bridge System Interim Implernentation
Gu}de FHWA-HRT-11-026, JanuaryZO.I.l

. Design methods follow the ASD design methods presented In Chapter 4 of the
reference Manual. No seismic design assumed.

. Conduct a subsurface investigation In accordance with "Solls and Foundations”,
FHWA-NHI-06-088 (2006) and "Subsurface Investigations”, FHWA-NHI-01-031,

2011

GENERAL NO 8. Piacement: The crane used for the placement of the
PURPOSE: These example plan Sheets A through D were red to iflustrate the Settlement below figibl i ] superstructure can mpaddmmdmdmaksmmmt%wfdedmenuuigger
typical ¢ esed ings necessary for a GRS-IBS project. Presented in 7 e B M-FSFE mbf No diffi pads are sized for less than 4,000 psf near the face of abutment wall. Greater
these plans Uonsfwtflebrfdgeandsﬁsmswm typical !oadsomgdgle or;mmu-ea;iggg&;gme?n?:fabuﬂnm{@m#
waﬂheigﬂts(ﬂ)mnﬂngﬂomlﬂwzafeer Twmmmm&rm . Sliding checks were conducted at the nd bottom of the RSF checked by the Record. yout of g
quantity estimate Sheet B: “poor soil S0il ¢ & meetﬂaenﬂnknwnkctorsnfs;:ty{nmgt:m&mnﬂan;h 0 reinforcement bemdbetwaﬂtbebeamseata\ndﬂmmﬂumtEorstEdbeam!
JmomWEAmmmemmmmmm:spmﬂcpmm to provide additi

. Road base thickness (hy) assumes a 32-inch structure and 2-inch
pavement thickness.

CONSTRUCTION SPECIFICATIONS

1. Site Layout/Survey: mmmmmafmmsm;ndmwaﬂswm
1.0 inch of the staked efevations. Construct the external GRS abutment and
wingwalls to within £0.5 Inches of the surveyed stake dimensions.

Excavation: Compfy with Occupational Safety and Health Administration (OSHA)

onal pratection of the beam seat. Set beams square and level
without dragging across the beam seat surface. =

g h PI: m .

of the
yu'smphaednfangmbuckofthcsupmmmm,

i of 6=inches ( vertical spacing of
reinforcement < 6-inches). Thempofmeﬂmimpshm!dbe imately
z-mahesbefawmemp nﬁesupemuuuremaﬁawaﬂeastzmdlesarwne
base cover over the geosynthetic to protect it from hot mix asphalt.

REINFORCING STEEL
Provide reinforcing steel conforming to ASTM A615, GR. 60.

CMU BLOCK

ile

ilt in lift heigh

for all excavations. In colder climates, freeze-thaw test (ASTM C1262-10) sheuld be concluded
to assess the durability of the CMU and ensure it follows the standard
3. Comp C backfill to a of 95 p of the dry specification (ASTM C1372). Additives can be used to reduce efflorescence
density according to AASHTO-T-99 and * 2 percent optimum moisture content In at the face of the blocks if they are at locations subject to de-icing chemicals.
the bearing reim t zone, mnwct&?lﬂﬂpercmtoﬂﬁenﬂxmumdwdeﬂs}ty
according to AASHTO-T-99. Only hand-operated
within 3-feet of the wall face. Reinforcement extends beneaweachfayerm' WMMW_“JMM"”"W
CMU blocks, covering > 85% of the full width of the block to the front face of the wall. & - e
Hoioox = 7%"  Lpock = 15%" bhiock = 7%

4, h fe Pull the g hetic taught to remove
any wrinkles and lay Hatnrior to pladna and compacting the backfill material,
Spﬂcm&‘mufd'bestaggered 24Indmsapartm splices are not allowed in the
b t zane. directly on the gecsynthetic.
Haoeanﬂnms—mdﬂayerofgraﬂufarmmwmmmbberbmd
t over the at speeds less than 5 miles per hour with no
sudden braking or sharp turning.

RSF Construction: The RSF should be encapsulated in geotextile reinforcement
on all sides with minimum overlaps of 3.0 feet to prevent water infiltration. meped

ﬁmiaﬂon as this il serve as the leveling pad for the CMU blocks of the GRS

GRS Wall Face Alignment: Check for level alignment of the CMU block row at
least every other layer of the GRS abutment. Correct any alignment deviations

Note: In many construction appiications CMU blocks are placed with a %" mortar
Joint to create an in place nominal dimension of 8" x 8" x 16",
REINFORCED BACKFILL GRADATION
d Backfill Gi = See d Soil It
System Interim Implementation Gu!o‘e, Table 1 or Table 2. Gmslder
GRS CMU minimal dimensions to be the same.
GEDSYNTHETIC RHNFORCEMENTTEI\!SI’LEPWERHES

Reguired ultimate tensile strength = 4,800 Ib/ft by {ASTM D 4595 (geotextiles)
or ASTM D 6637 (geng )
‘ensile strength af 2% strain = 1,370 Ib/ft

POLYSTYRENE FOAM BOARD
Provide polystyrene foam board conforming to AASHTQ M230, type VI.

(2006). greater than 0.25 inches. U.5. DEPARTMENT CF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
3 Mg\n_factarofsafetysgshstsﬂd}ﬂgisg 1.5; Factor of safety against bearing 7. Beam Seat Placement: Generally, the thickness of the beam seat is WESTERN FEDERAL LANDS HIGHWAY DIVISION
failure is > 2.5. approximately 8 to 12 inches and consists of a minimum of two 4- mchn'ﬂsnfwmppea—
face GRS. Place precut 4-inch thick foam board on the of the bed
- Aﬁfﬂ?ﬂﬂbﬂ;};ﬂ;mng:s:aegedwmmmm Factor of safety reinforcement butt against the back face of the CMU Setna.wr—helggrorﬁm GRS-IBS
against globat 23 mnt(w%%wmmmmmmﬁémagwm
top of Wrap two approximately 4- across the beam seat.
. Performance criteria: tolerable vertical strain = 0.5% of wall height (H): Before folding the final wrap, it may be necessary to grade the surface aggregate COVER SHEET
tumnlefataa!mn = 1.0% of b and a, (bearing width and setback) oEMebeamsea:s.righUyhfgh, to about 0.5 inches, to aid in seating the
ucture and to contact with the beadng area.
BY REVISIONS NO.| DATE | BY REVISIONS DESIGNED BY | DRAWN BY. CHECKED BY SCALE PROJECT TEAM LEADER. BRIDGE DRAWING DATE DRAWING NO.
Rev. 0 a Bee. L FHWA €. TUTTLE R'mi_“‘m’}: a?gg’"’ . S NTS M. ADAMS 1 of 4 04/2011




STATE PROJECT "'?_HM%
FHWA GRS-IBS -]
GRS-IBS Poor Soil Condition Quantites Per Abutment ¥ GRS-IBS Poor Soil Condition DESIGN DIMENSIONS
&/ 2/ WALL |WINGWALL
Y rosynTHETIE |emustock| MY # FOAM | ROADBASE | CONCRETE weierr | Levem, | o2 | & b o 1| &5 la 5 . ABUT |WINGWAL
HEIGHT (H) | ROADBASERw | o ppocement | HoLLOW ’;"'OOJ‘" REBAR Grrs?::xrm. Rz;:“‘ BOARD | AGGREGATE | BLOCKWALL ) L N ¢ ‘ ot FE | TR TR WIDTH | L HEIGHT
(k1) THICKNESS (IN) (savo) (ea) s :1 1) (cuvo) fCU¥D) | cqem) (cuvp) FILL {CUYD) -
(FT) (FT) (iN) [ N | FT) | FT) | (FT) | (FT) | (FT) | (FT) | (FT) (FT) (FT)
1042 4 1200 710 49 652 287 32 18 4 14 10.42 | 1563 3 | 76 | 25 | 383 | 95 | 866 | 1188 | 238 | 238 | 37.76 | 14.00
1232 34 1700 950 363 698 399 3 18 & 15 1232 | 1823 3 | 76 | 25 | 383 | 110 | 1036 | 1375 | 275 | 275 | 3776 | 1589
1431 34 2100 1165 s 721 509 24 18 58 L6 1431 | 1953 | 4 | 76 | 25 | 383 | 125 | 1186 | 1563 | 313 | 313 | 3r.76 | 1778
16.22 34 2700 1455 389 766 555 123 18 7 17 1622 | 2214 4 | 76 | 25 | 383 | 140 | 1336 | 1750 | aso | ase | 3776 | 1970
18.21 34 3200 1700 397 789 793 134 3 &2 L7 18.21 | 2344 5 | 76 | 25 | 383 | 155 | 1486 | 1938 | 400 | 388 | 3776 | 2160
2012 Za 2N 204 Lod B35 272 A2 =L 2 1E 2011 | 2604 5 | 76 | 25 | 383 | 170 | 1636 | 2125 | 425 | 425 | 3776 | 2351
221 3 4600 2305 421 858 1132 220 3 % 19 2210 | 2734 | 6 | 76 | 25 | 383 | 185 | 1785 | 2313 | 463 | 463 | 3776 | 2542
Sl < 2600 Setd =d 20 L L4 =L 400 2 2401 | 2995 6 | 76 | 25 | 383 | 200 | 1936 | 2500 | 500 | 500 | 5776 | 2783
. " s 1/ il 7
GRS-IBS ABBUTMENT Favorable Soil Condition Quantities Per Abutment GRS-IBS Favorabie Soll Condition DESIGN DIMENSIONS
&/ [ 2/ waLL |wiwewaL| g,
GEOSYNTHETIC | CMU BLOCK # FOAM | ROADBASE | CONCRETE ABUT |winGwAaLL
HEIGHT | LENGTH, d b b, B ] By o
HET:;‘"" ROADBASERw | poepocement | HoLLOw T;:':: REBAR GRS:::“M Riia:tl BOARD | AGGREGATE | BLOCK WALL ) ; N - | Ba | e wioTH | HEIGHT
(FEET) | THICKNESS (V) (savo) eacw) | o0 | e fewvol | €0} | caen) (cuvp) FILL (CUYD) -
(FT) (FT) o) | oy | P00 | Fm | en | e0 | em | e | Pm | P (FT)
10.42 L] 1060 710 349 652 176 24 18 54 14 10.42 15.63 3 76 | 25 | 383 | 60 | 536 | 7.50 | 150 | 1.50 | 37.76 14.00
1233 34 Ll 250 L] 698 242 £l S 63 s 12,32 16.23 3 76 | 25 | 382 | 60 | 536 | 7.50 | 150 | 1.50 | 3776 1589
14.31 M 1760 1165 373 LEE] 305 27 18 68 16 14.31 19.53 4 76 | 25 | 383 | 60 | 536 | 7.50 | 150 | 1.50 | 3778 1779
1622 3¢ = aess L1 L 354 L L L 178 16.22 22.14 4 76 | 25 | 282 | 60 | 536 | 750 | 160 | 1.50 | 3776 19.70
18.21 34 2760 1700 397 789 483 35 36 82 1.7 18.21 23.44 5 76 | 25 | 383 | 65 | 586 | 813 | 163 | 163 | 3778 21,60
el Fy =< S90 <50 = = 608 43 -3 2 L8 2011 26.04 5 76 | 25 | 382 | 7o | 636 | 875 | 175 | 175 | 3776 2351
221 34 4060 2305 421 858 715 50 36 96 1.9 22.10 27.34 6 76 | 25 | 383 | 75 | 686 | 938 | 188 | 188 | 3776 25.42
.00 = 2500 = L S 265 &0 -2 108 z 24.01 29.95 5 76 | 25 | 382 | so | 736 | 1000| 200 | 200 | 3776 27.83
TNOTES: ABREVIATIONS: H = Wall height measured from top of RSF to top
FOOTNOTES of beam seat
I The estimated materials quantities correspond to the dimensions on the ap= Set back distance between back f facing  Hyoeu = Helght of CMU
accompanying plan sheets. Dy from the an the plan sement & im seal o = ht of road ba p ht of
sheets will void the quantities. B = Base Fengfh of reinforcement not including b= f;:;!;r s? mre ai;’g‘ l{pn:quk! Senhreig [
the wall face
2! Foam board thickness is 4-inches (typ.). it for ves IBS = Integrated Bridge System
b = Bearing wi bridge, im seat
¥ Wingwall length = B total + H + 3-feet. ’ L = Length of geosynthetic reinforcement

By, = Width of the bridge

4/ CMU block assumptions: solid blocks at the base of the GRS abutment Lape= Abutment width
from estimated scour elevation to 100-year flood event elevation Brisck = Width of CMU
(5-feet assumed here): solid blocks In setback location to beam seat Luiock = Length of CMU
(1-row assumed): hollow blacks for remaining wall height and guardrail b, = Length of bearing bed reinforcement Lw = Wi 1 le
helght: concrete-filled blocks assumed 3 rows deep below bearing pad 5 Vi o FSF = Wingwall length.
and at the top of the wall of guardwall and at all corners: wet cast = o
coping at the top row of d CMU at wall and wing ;SF i widh af base of GRS abii RSF = Reinforced soil foundation
flush concrete fill in the CMU's at the top of the abutment wall under woeal = Total width at base ol itment
the beam seat below the clear zone. See Sheet C and D for Mustrations including the wall facing wge = Length of RSF in front of the abutment wall face
ore details. CMU = Concrete masonry unit
= ry unii
5 Maximum vertical spacing of reinforcement = height of 1 CMU biock u'rilngEn:?.R mma?::nmm%ﬁ"
{Hbioex ) in reinforced backfill zone. Maximum vertical spacing of dp = Clear space from top of wall to bottom of WESTERN FEDERAL LANDS HIGHWAY DIVISION
reinforcement = 6-inches in bearing bed zone and integrated approach. superstructure.
& No overlaps in geosynthetics measured for quantities. Omax= mﬁ?m partical diameter in reinforced GRS-IBS
Z! Design clear space (d.) rounded up to the nearest 1.0 inch. - ‘
Dgsr = Depth of RSF below bottom of wall elevation DESIGN DIMENSION
8 Geosynthetic reinforcement quantity includes RSF and IBS geotextile quantities. = Geosynthetic Reinforced Soil
L q 3 4 g 4t ¥ QUANTITIES
DATE BY REVISIONS NO. i BY REVISIONS DESIGNED BY DRAWN BY CHECKED BY SCALE PROJECT TEAM LEADER BRIDGE DRAWING DATE DRAWING NO.
mzﬁ Bevd FHWA c.Turme | R-BARROWS, B, COLLINS, M. DODSON, M. ELIAS NTS M. ADAMS 2 of 4 04/2011
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% (= 34" (typ.) ; \
|
\
\
& GRS wall
5 CMU block face
g
5 Solid CMU
g
Excavate and
replace with
riprap (If necessary)
Scour Finish slope
efevation
VNN

-

FOOTNOTE:
I Vertical wall face batter = 0°.

Vertical Scale: 35" = 1'-0"

ik s, ettt il il s ie— 4

corner CMU's and fill with concrete.

Horizontal Scale: NTS
2 Solid CMU's behind riprap. DETAIL
n Rainsared Backiil uaberis, (Beam seat and Integrated approach Detail)
& Minimum of 5 layers of bearing bed Vertical Scale: %" = 1'-0"
reinforcament. Hortzontal Scale: NTS
Road base aggregate & Primary wrap r vertical for the
integrated approach is 8 maximum of 12-inches.
Pavement & Full height block is typical in front of bearing seat but a half height
block and a special foam board thickness may be required in some
NOTE: Ao,
Riprap 1. Insert #4 rebars in to the top 3 rows of CMU's and & Short term back slope ratio per OSHA Safety Regulations (29CFR,

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY DIVISION

2. Strike CMU concrete fill flush with top of CMU's under back tio specified 3
Hollow concrate masonry bridge girders slope to drain.
W it (CAR) g 7 Extend integration zone layers past cut sfope. GRS-IBS
3. On the top row of CMU's create a mortar capping -
Colored solid concrete masonry unit (CMU) approx. ¥-inch thick. HInsure that high quality fill is placed in this area.
9 The first beam seat reinforcement layer length is a maximum of 6-feet DETAILS
4. Typical sections represent a wall height (H) equal to
Concrete filled concrete masonry unit (CMU) 18.21-feet. with & conventional 4-foot tail.
REVISIONS NO.| DATE [ BY REVISIONS DESIGNED BY | DRAWN BY CHECKED BY SCALE PROJECT TEAM LEADER. BRIDGE DRAWING DATE DRAWING NO.
- Sue et | coume | R seows s coune . ooson mss | ae M. ADANS e o201t




- User Perspective
Defiance County, Ohi







Some Design History

e Same excavation, less expensive materials, lighter
weight components and less weather sensitive
construction
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and Flexible
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L Construction Costs:
Ll 80x32’-$266,000 - 2005
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Construction Costs:
28’x20’-S70,000 - 2010




Construction Costs:
28’x20’-S65,000 - 2010
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36'x20’-$71,000 - 2010
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& Construction Cost:
ge_ 140’x40’-S620,000 - 2009



~ User Perspective
t. Lawrence Co




CR 12 - 40’x33’- Material Cost $160,000
Construction costs $240,000
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CR 35 67 x33' I\/Iaterlal Cost S180 500
" Construction Cost $310,000
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ial Cost $175,000

CR 38 - 63'x32’- Mater




2009 BRIDGE

CR12 o. Malterna Creek — 40’-6" Span

2010 Bridges
24 0. Leonard Brook — 47’ Span



2011 Bridges
CR60 o. Little River — 65’-8"” Span

- CR27 o. N. Br. Grasse River — 71’-8” Span
raser Road o. Oswegatchie River — 85’ Span
CR25 o. Little River — 87’-8” Span

10 0. Hutchins Creek —51’-2" Span

3 0. Chippewa Cree

.

r Road o. Trout Bro pan




2012 Bridges

7 0. Trout Brook (IBRD) — 110’-0” Span
[anner Creek — 65’-0” Span Proposed




.-'Tf:/ Project cost and time examples

CR27 0. N. Br. Grasse River — 71’-8"” Span

e Material Cost - $238,256

"« Labor and Equip. Cost - $82,508

hedule — Closed May 16, 2011 — Open June 23,

F 3

0. Hutchins Creek — 5
aterial Cost - $197,156
por and Equip. Cost - S5

>chedule — Closed June 6, ly 7, 2011
i




.-'Tf:/ roject cost and time examples

CR3 0. Chippewa Creek — 95’-0"” Span
e Material Cost - $275,319
" Labor and Equip. Cost - $97,791

hedule — Closed August 8, 2011 — Open Sept. 20,
1C

f
: 0. Leonard Brook — 47’-
erial Cost - $158,470

por and Equip. Cost — S7
hedule — Closed June 1,

ne 24, 2010




User Perspective
National Park Service



Disney Bridge in
equoia NP
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F:::,, ) Disney Bridge in Sequoia NP
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User Perspective
lon Township, Pe ania




BRIDGE |
CLOSED |

learfield County



















Huston Township Actual Project Costs
“Soup to Nuts”

Permitting: S$5,273.75

- Excavation Contractor $12,364.00
hé_moval, disposal, excavation, backfilling)
nber Superstructure $28,165.00
crete Blocks (including delivery) $3,696.15

xtile $2,850.00
e (2RC and AASTO 8) $8,807.40
ate (Rip Rap) - $4,509.00
aneous i 2.70
ags, filter sock, concrete, coffer d bar, lumber,
ools)
ous Paving
Rail (contracted out)
ip Labor

ost




( Culvert and Bridge Beam Projects $150,000
t 2-0 Maintenance Force Project

sts vary from $95,000 to $265,000

2-0 is using $185,000 for 2012 estimates

s



)ject Box Culvert (no paving costs) $194,000
bid and built with local forces
project in Genesee Township, Potter County

gn and Construction Box Cul 00+
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10 Days

Huston Township: 35 Days

Actual abutment construction time: 6 days!

Total time of road cIosuri days
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GRS IBS Implementation policy
memos

Florida Departinent of Transporiation

RECK SCOTT &0 Suwannes Sirest OFFICE OF THE

ANV ERNOK Tﬂuﬂhﬁ ., F_ 3_‘_1%5.] SECHETARY
FROM: Robert V. Robertson, P. E., State Structures De:
COPIES: Brian Blanchard, David Sadler, David O’Hagar

Charles Boyd. Tom Andres, Sam Fallaha, Denn
Jonathan Van Hook, Garry Roufa, Peter Lai. Rc
Chris Richter (FHWA), Jeftrey Ger (FHWA), F

SUBJECT: Mandatory Evaluation of Suitability of Geosynt
Abutments for Single Span Bridges

DESIGN REQUIREMENTS

1. Section 3.12 of the January 2011 Structures Design Guideline
3.12.12 Geosynthetic Reinforced Soil (GRS) Walls and Abutme
A. GRS abutments are a shallow foundation and retaining wall «
significantly reduce the construction time and cost of single ¢
B. GRS walls and abutments, like MSE walls, are very adaptabl

GRS Wgﬂgﬁ&&%&%@;emonﬁme for all sites.

2. Section 3.13.2 of the Janumary 2011 Stroctores Design Guidelines is expanded as follows:

P GRS Walls and Abutments

Commgntary: FHWA Publication No. FHWA-HRT-11026 “Ceosynthetic
Beinforced Soil ated Bridee Svstem Interim ntation Guide™ (GRS
Guide) contains background information and desizn steps for GRS walls and
sbwanents. (Fefer to this guide fior Fizures referenced below)

conditions and can tolerate a greater degree of differential settlement than CIP walls. m altermative to

Colorado DOT

7.4.1 GENERAL

Mechanically Stabilized Earth (MSE) or
Geosynthetic Reinforced Soil (GRS)
abutments are acceptable alternatives for
deep foundations and are required by Item
5 in subsection 19.1.3B to be considered
in the structure type selection report.
See Figure 7.4-1 for an illustration of a
GRS abutment. (Cl)

L Both single oFf COntinoogs Span
bridges where competent foundation
i near T™he surface

#* Both single or continuous Span
bridges Whars Compatant foundation
is maar the surface

+ Sipgle span bridges whara
foundation short-tarm settlement
from sandy gravel can be calculated o
and compensated for by adjusting
the girder seat elavation to maot
vartical CleArance Taguiramant

# Single span bridges whore

nd eazier than shallow



Founders Meadows Bridge

Over |-25 — Castle Rock, CO
Constructed in 1999



GRS IBS Progress Towards Goals

Total of 74 project in 31 states at some

stage of design and construction

—
1 MA 1

-.
o]

County/local projects State DOT - NHS projects

2012 construction projects
1 State DOT projects Federal Land Projects



IBRD Projects

010 IBRD awards
7 projects at $1.85 million

RD awards
ects at $2.00 million
> |sland received $350

projects
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