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Technology Overview

& The Current Bridge Situation

* Approximately 600,000 bridges in the U.S.

e Many have functional or structural
deficiencies

e Most are small single span

 Budgets don’t meet demand — Build more
bridges for your dollar




e Taking effective, proven and market—
ready technologies and getting them into
widespread use




Steps to Move Forward

2012 Deployment Goals

e December 2012:

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

— 75 bridges have been designed and/or
constructed using GRS-IBS off the NHS




GRS Fundamentals

Summary of Benefits

Reduced construction cost (25 - 60%)
Reduced construction time
Construction less dependent on weather conditions

Flexible design - easily field modified for unforeseen site
conditions (e.g. obstructions, utilities, different site
conditions)

Easier to maintain (fewer bridge parts)
QA/QC Advantages




GRS Fundamentals

Definitions

e GRS - Geosynthetic Reinforced Soil

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

e IBS - Integrated Bridge System

— A fast, cost-effective method of bridge support that
blends the roadway into the superstructure using GRS
technology




GRS Fundamentals

Cross-Section of GRS-IBS

Jointless

. Integrated Approach
Beam Seat (Continuous Pavement )

(Geotextile Wrapped Layers at Beamns to
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GRS Fundamentals

Site Selection

Single span (currently 140 ft)

30 ft abutment height

Grade separation

Water crossings with low scour potential
Steel or concrete superstructures

New or replacement structures




GRS Fundamentals

Performance Tests

e Also known as “Mini-Pier” experiments

* Provides material strength properties of a
particular GRS composite

* Procedure involves axially loading the GRS
mass to measure lateral and vertical
deformation




GRS Fundamentals

r*t’? Performance Tests
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GRS Fundamentals

Performance Tests continued




GRS Fundamentals

Performance Test Results

AASHTO No. 89
— C=0
A (I) = 48°
For T; = 2400 Ib/ft
— Q.= 11,000 psf e
For Tf = 4800 Ib/ft et
— Q= 25,000 psf
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Performance Test Results

FHWA pier

\Vegas mini pier

Defiance mini pier

- % GRSperformance test
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PERFORMANCE MONITORING




Performance Monitoring




Performance Monitoring

Settlement of

Settlement is recorded for superstructure
both the wall face and the
superstructure T\ |

nt here —, "

The difference between the  E3-SNAN

4 rebar —-

settlement on the wall face
and the superstructure is

the compression within the
CLISENERS Settlement

of wall face




Performance Monitoring

Settlement Monitoring continued
e EDM survey

e Bowman Road

Time (Days)
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Performance Monitoring

Settlement Monitoring continued

e EDM survey
e Tiffin River
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Design of GRS-IBS

Vertical Deformation continued
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Construction Video




Standard Plans
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INDEX TO SHEETS
A. COVER SHEET AND NOTES

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

D. GRS-IBS ABUTMENT DETAILS

2011
GENERAL NOTES 8. Superstructure Placement: mwmhrm;hmmmtafm
PURPOSE: These example plan Sheets A through D were prepared to iliustrate the 7. Settlement below the RSF is d to be No differ ucture on vided the outrigger
typical contents of a set of drawings for a GRS-IBS profect. Presented in v Men is d. padsamdzedfarfmmn4mpsfnearﬂlefaoeufb%‘,abum:entwaﬂ Greater
mmhw(ﬁ}mng:ngmzomi?mr Mfuﬂb‘fﬁ;ﬁ?mm&p‘g‘:ﬂw%’e mgermmﬁmd An addi 'J’aym?’:f [ inpei
. Sliding checks were conducted at the to, d bottom of the RSF to
quantity estimate Sheet B: "poor soll conditions” and "favorable soll mm-_ & mﬁ:gm minlmurm facwrsafs:fetyin ;:HMM reinforcement can be placed between the beam seatmdmemnmwsreejbeams
INTENDED USE: These plans are not associated with a specific profect. All to provide additional protection of the beam seat. Set beams square and level
lkarsiorss e propares shoukd be conllrmed snd/or revised by the Enginesr. of 9. Road base thickness (hy) assumes a 32-inch structure and 2-inch without dragging acrass the heain seat surface.
Record prior to use. Profect specifications should be prepared to supplement this pavement thickness. 3 i plicemeiit of the
set. X Approach Placement: superstructure,
pian le mmformnent layers are p!aneapal the back of the superstructure,
.'.'Hn rrmdmum lift heights of 6-inches (maximum verﬂm.fspad of
DESIGN CONSTRUCTION SPECIFICATIONS < 6-inches). The top of the final wrap should be approximately

DESIGN LOADS AND SOIL PROPERTIES
Combined load: Superstructure (qLL + qB) 2 TSF maximum (service load, 1
allowable stress design). Roadway live load surcharge: 250 psf uniform mﬂm.f

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

“Poor" Soil Conditions:
Retained backfill: Unit weight- 125 pef, friction angle= 34°, coheslon = 0 psf,
{Coh > 200 psf v back slope cut con 3
during construction.) y
dmax > 1.0 inches

Reinforced fill: Unit weight=115 pcf, friction angle = 38°, coheslon = 0 psf
RSF backfill: Unit weight = 140 pdf, friction angle = 38°, cohesion = upsf
Foundation soil: Unit weight = 125 pcf, friction angle = 30°, cohesion = 0 psf

. Site La) Consuunrulebasea!meGRSabummtand walls within
Iﬂlmmkmdem the sl and

wingwalls to within £0.5 inches af the surveyed stake d'lmeus.fons

. Excavation: Comply with Occupational Safety and Health Administration (OSHA)
for all excavations.
Compaction: Com, - of 95,--. e of the ¢l
densfry acnmfmg to MSHTD-T‘ 99 and = muoisture In
m 100 p of the dry density

mrdmgmMSH?D—T 99 On!yhmd—operatedmm
within 3-feet of the wall face. Reinforcement extends directly each layer of
CMU blocks, covering > 85% of the full width of the biock to the front face of the wall.

"Favorable” Soil Conditions: e " .
. S g - 4. Reinfor Pull the taught to

T i eI, = 2% el WICAW S 00 cvtnemon = A0} o e Siad oy B b s P compacting the backTil material.

Foundation soil: Unit weight = 125 pf, friction angle = 40°, cohesion = 100 psf %"Hm’dﬁ be mﬁ{?‘“’"‘f m ""d’“l "9"'“ mﬂmﬂ?:emt "’"m“'l,l""r the

Reinforced l: Unit weight = 120 pdf, friction angle = 42° cohesion =0 psf Place a minimum 6-inch kyerofgranufar il prior to operating only rububer'-u'red

RSF backfill: Unit weight = 120 pcf, friction angle = 42°, cohesion = 0 psf over the g fs less than 5 miles per } with no
DESIGN SPECIFICATIONS sudden braking or sharp tl.rm.hg

5. RSF Construction: The RSF should be encapsulated in geotextile reinforcement
etic Reinforced Soll Integrated Bridge Interim

Guide, FHWA-HRT-11-026, January 2011. ekl Eepe sl gl it B i g

. 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”, 6
FHWA-NH!—O&-OM (2006) and "Subsurface Investigations”, FHWA-NHI-01- 031,

than &-inches In compacted height. Gfadeandfae(&aetopof&ﬁek#pﬂormw
encapsulation, as this will serve as the leveling pad for the CMU blocks of the GRS
abutment.

3 GRSWaMMAanﬂmt G‘:eckfur!evefa!fgnmenta!mec.‘wbu'octmat
least every other layer of the GRS Correct any

REINFORCING STEEL

CMU BLOCK

Z-Indaesberowwewp the superstructure to alfow at least 2-inches of aggregate
base cover over the geosynthetic to protect it from hot mix asphalt.

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

In colder climates, freeze-thaw test (ASTM C1262-10) should be concluded
to assess the durability of the CMU and ensure it follows the standard
specification (ASTM C1372). Additives can be used to reduce efflorescence
at the face of the blocks if they are at locations subject to de-icing chemicals.

Campfestvesb'engm 4000ps!min!mum
Water absorption limit = 5 %
Hooek = 7%"  Lplock = 15%"  Boiock = 77"
Note: In many construction applications CMU blocks are placed with a %" mortar
Joint to create an in place nominal dimension of 8" x 8" x 16",

REINFORCED BACKFILL GRADATION
fi 1 Backfill 1;

= See G h Reinforced Soil J’ntegrimd

Interim Guide, Tawe!orTaNez
GRS CMU minimal dimensions to be the same.

GEOSYNTHETIC REINFORCEMENT TENSILE PROPERTIES
Required ultimate tensile strength = 4,800 Ib/ft by (ASTM D 4595 (geotextiles)
or ASTM D 6637 (geogrids))
Tensile strength at 2% strain = 1,370 Ib/ft
POLYSTYRENE FOAM BOARD
Provide polystyrene foam board conforming to AASHTO M230, type VI.

" greater than 0.25 inches. 1.5, DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
Design factor of safety against sliding Is > 1.5; Factor of safety against bearing 7. Beam Seat Placement: Generally, the thickness of the beam seat (s WESTERN FEDERAL LANDS HIGHWAY DIVISION
fallure is 2 2.5. apprmmfyamﬂmcﬂesandmmo!anﬂmma!m4mmmo!wmpped
face GRS. Place precut 4-inch thick foam board on the top of the bearing bed
Y o Itun: ae periormied for cach Sites  For:of oy reinforcement butt against the back face of the CMU biock, Set half-height or full GRS-IBS
sgainst 2 height (depending on wall height and required clear space) sofid CMU blocks on
of the foam board. Wrap two imately 4-inch lifts across the beam seat.
Performance criteria: tolerable vertical strain = 0.5% of wall height (H): B i U T e e et COVER SHEET
toleratie lateral straln = 1,0% of b and &, (bearing width and setbeck) of the beam seat siightly high, to about 0.5 inches to aid in seating the
superstructure and to maximize contact with the bearing area.
REVISIONS NO.| DATE | BY REVISIONS DESIGNED BY | DRAWN BY CHECKED BY SCALE_ | PROJECT TEAM LEADER BRIDGE DRAWING DATE DRAWING NO.
Rev O cAyos/i1 Hev, 1 FHWA C.7ume | R BARROWS, B, COLLINS, M. DODSON, M. BLIAS TS M. ADAMS 1ef4 04/2011




SHEET

STATE PROJECT F il
FHWA GAS-185 B
GRS-IBS Poor Soil Condition Quantites Per Abutment r GRS-IBS Poor Soil Condition DESIGN DIMENSIONS
caosmmmgf emustocx| MY # roam® | noapsase | cowcasre WAL, | WINGHE | . 37 ABUT |WINGWAL
LENGTH, il "
”"‘::‘;f”} ﬁ‘r‘:,:‘;:m REINFROCEMENT | HOLLOW ’;"L""’; REBAR “’;;:;’“ J::::; BOARD | AGGREGATE | BLOCKWALL Hsﬂ'f}m . de | s bo| & | B | B | Bese [ Dpse | %55 | yynmy |y pEiGHT
(savo) (e4) jeacw | (sar1) fcuvo) FILL (€UYD) .
(FT) (FT) N} | N | FT) | (FT) | (FT) | (FT) | (FT) | (FT) | (FT) FT) (FT)
1042 4 4490 el 29 652 257 =22 L) 34 14 10.42 15 63 3 | 76 | 25 | 383 | 95 | 686 | 1188 | 238 | 238 | 37.76 | 14.00
12.32 34 1700 950 365 698 399 3 18 63 13 1232 | 1823 3 | 76 | 25 | 383 | 110 | 1036 [ 1375 | 275 | 275 | 3776 | 1589
2431 24 2100 1368 372 1 509 4 Sl i L6 14.31 19.53 4 | 76 | 25 | 383 | 125 | 1186 | 1563 | 343 | 313 | 3r.78 | 17.79
1622 it 2700 1435 ] s ga3 123 28 2 17 1622 | 2214 4 | 76 | 25 | 383 | 140 | 1336 | 1750 | 350 | 350 | 3776 | 1970
2821 24 S 320 227 789 i) 154 26 82 s 1821 | 2344 | 5 | 76 | 25 | 383 | 155 | 1406 | 19.38 | 400 | 388 | 37.76 | 2160
2012 4 i) 2030 5 L 973 L L oL L 2011 | 2604 5 | 76 | 25 | 383 | 170 | 1636 | 2125 | 425 | 425 | 37.76 | 2351
o i 4600 2305 21 ) 1139 220 3 i5 12 2210 | 2734 6 | 76 | 25 | 383 | 185 |17.65 | 2313 | 463 | 463 | 37.76 | 2542
=02 =4 20 2280 e LL il =28 L3 2t 208 2 24.01 29.95 6 76 | 25 | 383 | 200 | 1936 | 2500 | 500 | 500 | 3776 | 2783
GRS-IBS ABBUTMENT Favorable Soil Condition Quantities Per Abutment” GRS-IBS Favorable Soil Condition DESIGN DIMENSIONS
& cmu WALL |WINGWALL z
GEOSYNTHETIC | CMU BLOCK #a FOAM | ROADBASE | CONCRETE ABUT |WINGWALL
HEIGHT | LENGTH, | o b 6, |8 s |8 D
"‘:f:ﬂ”’ mi:‘::::’ REINFROCEMENT | HOLLOW ss‘oﬁ REBAR m::::”“ ’:‘é":uf“' BOARD | AGGREGATE | BLOCK WALL H) L L (L = R | P | YR yinTH | HEIGHT
ET) m) (savo) (EACH) feacH) (FEET) fcuro) o | s {cuvo) FiLL fCuYD)
(FT) (FT) {IN) | (iN) (FT) (FT) (FT) (FT) (FT) (FT) (FT) (FT) (FT)
1042 34 1000 CELL 26 552 175 L i3 2 4 10.42 15.63 3 76 | 25 | 383 | 60 | 536 | 750 | 1.50 | 150 | 37.76 14.00
12.32 34 1400 950 365 698 242 26 18 63 1.5 12.32 18.23 5 76 | 25 | 383 | 60 | 536 | 750 | 150 | 150 | 3776 1569
1831 34 1700 1165 373 2t 205 27 L o8 16 14.31 19.53 ¢ 76 | 25 | 383 | 60 | 536 | 750 | 150 | 150 | 3776 17.79
16.22 34 2200 1455 389 766 394 29 18 7 17 16.22 22.14 4 76 | 25 | 383 | 60 | 536 | 750 | 150 | 150 | 3776 18.70
Sl 34 2000 i) 237, 259 aad =3 e 22 1 18.21 23.44 5 76 | 25 | 383 | 65 | 586 | 813 | 163 | 163 | 3776 21.60
2012 L 2400 2050 #33. 35 505 = EL = A& 20.11 26.04 & 7.6 25 3.83 70 | 636 | &75 1.75 | 1.76 | 37.76 2351
221 34 4000 2305 421 858 715 50 35 96 19 22.10 27.34 [ 76 | 25 | 383 | 75 | 686 | 938 | 188 | 188 | 3776 2542
2400 =Y Lonl 2280 427 204 < 50 L 108 2 24.01 29.95 5 76 | 25 | 383 | 80 | 736 | 1000 | 200 | 200 | 3778 27.83
FOOTNOTES: ABREVIATIONS: H = Wall height measured from top of RSF to top
4 The d materials correspond to the dimensions on the ay= Set back distance between back of facing Hyjoex = Height of CMU
accom, lan sheets. Deviation from the di on the plan element and beam seat
s.hee.lxpv:ﬂl vﬁdpthe quantities, P hw = Height of road base (equals height of
B = Base !e:?grh of reinforcement not including super structure and pavement thi
2/ Foam board thickness is 4-inches (typ.). the wan 1BS = Integrated Bridge System
3 Wingwall length = B total + H + 3-feet. b= Bering width for:bridge; beam seat L= Length of geosynthetic relnforcement
4 CMU block assumptions: solid blocks at the base of the GRS abutment By = Width of the bridge Lype= Abutment width
from estimated scour elevation to 100-year flood event elevation boiock = Width of CMU
(5-feet assumed here): solid blocks in setback location to beam seat Liyiock = Length of CMU
1-row assumed): holfow blocks for remaining wall height and guardrail b, = Length of bearing bed reinforcement Lo = Wingwall fe
ht: concrete-filled blocks assumed 3 rows deep below bearing pad w ingwall length.
and at the top of the wall of guardwall and at all corners: wet cast Bpgp = Width of RSF RSF i I foundal
coping at the top row of CMU at ab wall and o s e i i = Reinforced soil tion
flush concrete fill in the CMU's at the top of the abutment wall under Byaear= Tota at base abutment
the beam seat below the clear zone. See Sheet C and D for illustrations Including the wall facing Xegr= Length of RSF in front of the abutment wall face
of these details, CMU = Concrete masonry unit
- e .5, DEPARTMENT OF TRANSPORTATION
& Maximum vertical spacing of reinforcement = height of 1 CMU block FEDERAL HIGHWAY ADMINISTRATION
(Hbiock ) In reinforced backfill zone. Maximum vertical ing of de = 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.
8 No overlaps in geosynthetics measured for quantities. max= ”! axl‘ "‘ﬂ;"’" partical diameter in reinforced GRS-IBS
ZI Design clear space (de) rounded up to the nearest 1.0 Inch. Dper = Depth of RSF below bottom of wall elevation DESIGN DIMENSION
& Geosynthetic reinforcement quantity includes RSF and IBS geotextile quantities. GRS = Geosynthetic Reinforced Soil QU ANTITIES
ND. | DATE WO DATE | BV REVISIONS DESIGNED BY | DRAWN BY CHECKED BY SCALE PROJECT TEAM LEADER BRIDGE DRAWING DATE GRAWING NO.
L1 1
03125111 WA e ml.l.m&'r: DODSON, M. ELIAS NTS W, ADAME oA 0472011
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Scour
elevation

TTANT77TRANX

LEGEND:

(H) Design GRS height

0.7H

Road base aggregate
with wrapped geotextile

Hollow concrete masonry unit (CMU)
Colored solid concrete masonry unit (CMU)

Concrete filled concrete masonry unit (CMU)

SECTION A-A

Vertical Scale: ¥" = 1'-0"
Horizontal Scale: NTS

1, Insert #4 rebars in to the top 3 rows of CMU's and
corner CMU's and filf with concrete.

2, Strike CMU concrete
bridge girders

slope

3, On the top row of CMU's create a mortar capping
approx. ¥-inch thick.

plcaif;:g&ms represent a wall height (H) equal to

fill flush with top of CMU's under
to drain.

l=|
8|
2|

DESIGNED BY | DRAWN BY CHECKED BY SCALE_]_PROJECT TEAM LEADER BRIDGE DRAWING DATE DRAWING NO.
FHWA € TUTnE R BARROWE, 8. COLLOTE M. DODSON; LB | il M. ADAMS do 4 04/2011

FOOTNOTE:
¥ Vertical wall face batter = 0°.

2 Solld CMU's behind riprap.

DETAIL
+ ik . as (Beam seat and integrated approach Detail)
Mipkmun yers of bearing Vertical Scale: %" = 1'-0"
raiorcement. Horizontal Scale: NTS

4 Primary wrap reinforcement vertical for the

eg. { approach is a of 12-inches.
& Full ht block is typical In front of bea seat but a half height
Had?:gﬂ %mbu s >

a special rd thickness may be required in some
applications.

& Short term back slope ratio per OSHA Safety Regulations (29CFR, EPARTMI TRANSPO
Fart 1926, Subpait.¥; excavation). Shorag. may be required if the um's'n HIGHWA fmulsr:;%“
short term back slope will be open more than 30 days or if the WESTEAN FEDERAL LANDS HIGHWAY DIVISION
required short term back slope ratio specified cannot be oblained.

Z Extend integration zone layers past cut slope.

& Insure that high quality il is placed in this area,

H The first beam seat reinforcement layer length is a maximum of 6-feet DETAILS
with a conventional 4-foot tail.

GRS-IBS




User Perspective

Defiance County, Ohio
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User Perspective

St. Lawrence County, NY
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Founders Meadows Bridge

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




Steps to Move Forward

2012 Deployment Goals

e December 2012:

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

— 75 bridges have been designed and/or
constructed using GRS-IBS off the NHS




Research and IBRD Projects

2010 IBRD projects, 5 projects = $1.6 million
2011 IBRD projects, 8 projects = $2.0 million

IRT Research

— Research on effects of spacing, material and
backfill type on the design of reinforced soil walls
and abutments

— Geosynthetic Reinforced Soil (GRS) Design
Validation of new projects




State DOT Deployment

Total of 55 project in 26 states at some stage of
development from conceptual to construction

HI

Actively deploying
No deployment




Florida Department of Transportation
RECK SCOTT 607 Stuannes Strest OFFICE OF THE
LAY ENNOR Tallahssiea, FL 32399-0450 SECHETANY

FROM: Robert V. Robertson. P. E., State Structures De:

COPIES: Brian Blanchard, David Sadler, David O’Hagan
Charles Boyd, Tom Andres, Sam Fallaha, Denn
Jonathan Van Hook, Garry Roufa, Peter Lai, Rc
Chris Richter (FHWA), Jeffrey Ger (FHWA), E

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

GRS Wm&m&%ﬂﬁwﬁmnﬂﬁate for all sites.

2. Sectiom 3.13.2 of the January 2011 Stroctares Design Guidelines is expanded as follows:
P GRS Walls and Abatments
Commanrary: FHWA Publication No. FHWA-HRT-11-026 “Ceosynthetic

Guide) contains background information and desizn steps for GBS walls and
sbmments. (Faefer to this sumde for Figures referenced balow)

Beinforced Soil Intesrated Bridse System Interim Implementation Guide™ (G5

GEQSYNTEETIC REINFORCED SOIL (GRS] ABITMENTS

COMMENTARY

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)
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