Bridge By Backhoe

Defiance County’s Recent
FHWA Funded Innovative
Bridge Research,and
Construction Project



Background and History

Defiance County isin Flat Northwest Ohio
Typical 100 Yr Velocities of 3-7fps

Typical Downstream Channel Slopes of 0.3% to
0.05%



2000-2005 Bridge
Replacements

24 Reinforced Concrete Boxes

23 Reinforced Concrete Pipes (Round and Elliptical)
10 Prestressed Conc. Box Beams on Capped. Pile Abut.
6 Metal Pipes (Round and Elliptical)

3 Metal Boxes

1 Prestressed | Multispan

1 Concrete Slab

12 by Contract and 56 by Force Account



Challenges

Crane Costs and Clearances
Structure Lengths and Headwalls
Channel Closure Time

Force Account Limits

Cost



Attempted solutions

o Cast In Place Headwalls
® Precast gravity Headwalls
o GRS Headwalls
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GRS Wingwalls-and Headwalls

e 7 Structures-5 boxes, 1 circular pipe,and 1
elliptical pipe




GRS — What Is 1t?

Geosynthetically Reinforced Soil — Think of it
as an internally stabile gravity wall.

Close reinforcement spacing (8" or less) with
well compacted select granular material

Supports Service Loads of ~2 tonsper square
foot

See NCHRP Report 556 for more information



Cut away of GRS mass




GRS abutments — Why?

Wall abutments reduce span length compared to
spill through slopes.

Can be built and loaded quickly (2-3 Days)

Can be constructed without obstructing active
channel

Very modular, can work around utilities, and
adjust to awiden variety of skews and wingwall
angles
Similar to lower cost vs. conventional abutments



Bowman Rd - 80’ span- 2005




Glenburg Rd - 50" span- 2006




Glenburg Rd — high water




Behnfeldt Rd — 54’ span-2006
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Scott Rd-18’ span 2007




Bridge with a backhoe concept

*GRS abutments can be built with small equipment and
hand |abor.

*GRS Is made of gravel and polypropylene falric which
both have extremely long life (100yr+)

*FRP offers low weight superstructure that could be
placed with ssmilar equipment and have similar lifeto
GRS



Frustrations with FRP

*All Proprietary Systems, no apples to apples
competition in traditional design-bid-build process.

*Extremely high cost

*No way around explanation “of course the first bridge is
expensive but if we could build 10 the cost would come
down”



Casebeer-Miller Rd Bridge

Specification for Puitruded Structural Shopes

Pultruded shapes shall meet the toleronces of ASTM D38917
Puliruded shapes shall be free from defects as per ASTM D4385
Property Test Method Minimum

Tensile Strength De38 30,000 psi Lengthwise
6,500 psi Crosswise

Tensile Modulus D638 2.3x10  psi Lengthwise
0.8x10 psi Crosswise

Flexural Strength D730 30,000 psi Lengthwise
10,000 psi Crosswise

Compressive Strength D635 30,000 psi Lengthwise
10,000 psi Crosswise

Apparent Horizontal Shear D2344 4,500 psi Lengthwise

Moduius of Flasticity 2,500,000 psi

Edge Beam
Edge Detail

\@ 2 TYPE B Typical Beam | —2
ANCHORS & 5 "
:E 1 _'_7[!/7 @ 12" c\¢ I“I_I'“1/7 @ 12” c\c | ~7 @ 12" c\¢
17 8 - 2 pjsr plate
M. (typ.
D /1 /7 1
6

4 8 @ 12" c\c alternat

. 10°%5%0.5" FRP | Beom 2,500,000 psi sides (typ.)

. 48"10” (9" Effective) Concrete Deck 2,800,000 psi (Based on 5,000 psi compressive strength)
Lightweight Concrete

. 0.375"x48” FRP Plate 2,500,000 psi

. Foam filler

. 1072 3/47x0.5” FRP Channel = 2,500,000 psi

. 5"x6"x1” FRP Shear Plate (5'%48"x1” Plate every 6') 3'x6" on Channels

. 3/8"x1 1/2" Stainless Steel Bolt, with nut and washers as clamp




Design Information

20’ clear opening 24’span 25 beam length

32" width

Using LFD concept-dead |oad factor of 2 and

live load factor of 5 on HS25 and Alt Mil'load

Truck assumed distributed over 3 beams ssimilar
to Prestressed Concrete Box Beams
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v
Specification for Pultruded Structural Shopes o
U o
Pultruded shapes shall meet the toleronces of ASTM D3917 §ﬁ§§
[l
Pultruded shapes shall be free from defects as per ASTM D4385 50
° €2323
Property Test Method Minimum ° §g§§§
L.
Tensile Strength 0638 30,000 psi Lengthwise ‘ g-o%
6,500 psi Crosswise \, %Egé
&g
Tensile Modulus D638 2.3x10  psi Lengthwise < ES
0.8x10 psi Crosswise \/.’ 12" Spacing c/c on 5"x 6" blocks -
Flexural Strength D790 ?8838 ‘P)z: Iéfgggv‘v‘gze ® \0 6" Spacing c/c on full width straps [5 §3
mii 3
Compressive Strength D695 30,000 psi Lengthwise s i3
10,000 psi Crosswise 4 gw
Apparent Horizontol Shear D2344 4,500 psi Lengthwise
T Modulus of Elasticity 2,500,000 psi H
fof |
Hg
i
Edge Beam Double bolt at ends
Edge Detail
\_@ 2-TYPE B Typical Beam |2 /> B E
ANCHORS 70 12" &\ 7@ 12" o\ 7@ 12" o\ All bolts centered 1.25” from all edges g
o ] , - Y g R = =l . 85
’ 17 8 — 2 per plate All parts shail be adhesively bonded using Magnabond 56 two part adhesive, or U,Iﬁ
A \¥ (typ.f approved equal. THe fibergloss components shall be prepored foor adhesive =10 %
3 - ¢ C pcHOR T 5 7 5 1 bonding and the adhesive shall be applied in accordonce with the manufacturer's <K
- [~ L~ G
; specifications.  Following adequate curing of the adhesive the bonded joints shall Ql‘gim
6 » A be clamped by using 18-8 stainless steel bolts. 88
" =
. . . SE
5 The price bid for ltem Speciol—FRP Box Beam Members—shall include Pultruded ﬁz
4 L>8 @ 7? c\c olternat Fiberglass Reinforced Structural Shapes using UV retardant Polyester resin, foam mge
1. 10"x5"%x0.5” FRP | Beam E = 2,500,000 psi sides (typ.) filler ‘of sufficient strength to create o void during the pouring of the Concrete gg
2. 48"x10" (9" Effective) Concrete Deck E = 2,800,000 psi (Based on 5,000 psi compressive strength) deck, guardrail inserts, stainless steel rebor loops, epoxy, and stainless steel boits, &3
Lightweight Concrete nuts and washers together with their assembly and plocement on the GRS o
4. 0.375"x48” FRP Plate E = 2,500,000 psi abutments. %" diameter holes for drainage sholl be placed at 4’ on center in the §
5. Foam filler bottom plate between beams.
6. 10°%2 3/4’x0.5" FRP Channel =~ E = 2,500,000 psi A temporary support capable of supporting the complete weight of the concrete
;‘ g )(86")(17 7"‘55’ SSthgclr Plast? (IS E)i(4!8 X?lthPIatte evsry 52 3'x6 ID” Channels deck shall be placed midspon during pouring ond curing of the concrete deck to
- 3/8™1 1/. aginless Steel Bolt, with nut ond washers as clamp prevent midspon deflection. The support shall also prevent lateral movement. The
SECTION PROPERTIES support design shall be submitted to the engineer for approval at the
Corrected to 2,500,000 psi preconstruction meeting.
1. A= 95 in? I = 1433 in* A = 9.5 in? = .3 in* . . .
2. A = 432 I?nz i = 2918 1;1“ A = 484 ”/-]ng j _ ;3‘26‘3 ‘;]rl This project is being funded as an Innovative Bridge Research and Construction
) project.  Strain gauges are likely to be installed before the concrete deck is
_ .2 _ .4 _ 2 _ -~ poured. Additional monitoring of the bridge will be done by others. The controctor
4 A=18 e = 02in* A =18 in? =102 in* shall cooperate with this work as specified in 105.08 and the payment for this
6. A=75I =925 in A= 75 in != 925 in coordination shall be included in the price bid for Item Speciol~FRP Box Beam
Members. o
GIRDER CENTROID =]
_ZAY _ 484(14.875)+3(9.5)(5.375)+18(0.188) The fibergioss shear plates ond the full width strops instolled on the upper flonges E
Y ZA 484+3(9.5)+18 of the fiberglass beams (item 7) shall be oriented such that the longitudinal oxis |
of the fiberglss material is parallel to the longitudinal oxis of the beams. h
_ 7356.0 _ ” Q
Y =5305 13.87 The lower plate shown can be substituted as 0.5" puitruded FRP plote with a
tensile modulus of elasticity of 2,000,000 psi or a plate produced by the VARTM
. process having a thickness of 0.25" or greater ond o tensile modulus of elosticity
Section Modulus of 3,600,000 psi. (If other VARTM sheets are available with different properties, 4[5
o= 4 . contact the Engineer for opproval)
! 9610.5 in
11
12




BEAM LIMITS = 25'=0"

c/c BEARING = 24'—0

OPENING = 20'-0"

#6 FRP rebor @ 5" c\c
Bottom 2" Cover
#5 FRP rebar @ 9" c\c
Top 3" cover

End Post End Post
Not_attached [ at u T T Not ottached 0 I [
To beams to beoms 7
A
3 A A
o FRP Deck Bar
R Mark Qnty [Size [Length
+ Top Mat Long 435 -6
ol Top Mat Lat 56 6 ]
R Bottom Mat Long 143 5 4 -6
8 No skew Boltom Mat Lat |56 |6 59
q Top_splice 56 6 60
7 4 Botfom_Splice 56 660" ]
d T
H
41400 & _CONSTRUCTION I
) CASEBEER—MILLER ROAD 3 I
N - H1vES
o 3
g 15"
7 FOAM_BLOCKING FOAM_BLOCKING
o Gary 2
& /1 30’ 90
+H € BEARING:
kS|
T 1’ wide cen. / 3 wide end /
< iapl phrog Stainless Steel Rebar
10"
i e T TT T ] i T T T
Not attoched T otKottached! T T L -3 #5 stainless steel rebar
to beoms to beams loops per guordrail insert (typ.)
/ FRP REBAR LAYOUT PLAN —
GRS Wall Foce
FRP bars shall be made of glass fiber—reinforced polymer. Bar sizes are in
eighths of an inch as in steel rebar. Bars shall have a minimum modulus
of elasticity of 5700 ksi. All bars shall have a guaranteed tensile strength
4 RAILING POST SPACES @ 6'—3" = 25'—0” of 90 ksi. All FRP bars are straight. All ties and chairs shall be
non—ferrous as weli.
BEAM LAYOUT PLAN
16'-0" + FT-UP
* T DECK CROWNED ABOUT & OF CONSTRUCTION
Concrete Quantity 32 CY “ T i
TT i
7 3
§ Q i) 3-#5 Stainless Steel loops per guardrail insert PROFILE GRADE
19 N IS #5 FRP rebor ® 9" c\c #6 FRP rebar @ 5" c\¢
2 .
5 . - 3/18°/1t
10 i’iicgggj"ggg;’ Concrete Deck shall be finished as per 451.09 = T I ‘ — ol ET
1 Y
r \ . - 2 V4 'CAST IN. PLACE, CONCRETE DECK __Jf. o
4 < - R N ]
=T 1 < I ‘ o e o o 3™ Uover
3’ wide end 1" wide cen. 3" wide end * ANCHORS
diaphragm: diophrugm/ diaphragm 1
. |
Section A-A
¥ @ TYPE C ANCHOR
g B 4 — COMPOSITE CONCRETE FRP BOX BEAMS
o

TYPE 2 POST
FOR ADDITIONAL RAILING AND BLOCKOUT DETAILS
SEE STD. DWG. DBR-2-73

HALF TRANSVERSE SECTION

DRSO ACENCY

DEFIANCE COUNTY ENGINEER
500 SECOND STREET
DEFIANCE, OHIO 43512

"STRUCTURAL FICE NOMBER,
2045958

SUPERSTRUCTURE DETAILS
BRIDGE NO. DEF-TR106-2.80
OVER SOUTH FORK GORDON CREEK LATERAL

DEF-TR106




Intriguing Thought

This bridge weigh 800 |b per beam and spans
20'.

Materials exist to span 50 and each beam
would weigh 3100 Ib



Good News

Concept works
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Load Testing Results

Bridge stiffness and strains correlate well to
theoretical except that the load Is being
carried almost equally across the eight
beams rather than the 3 used in design.

We plan to monitor temperature and stress
over year and then repeat 1oad test.



Contractor Impression

Beam manufacturer/fabricator was very
Interested In pursuing concept.

Contractor thought project went well and
materials were easy to work with

No significant change orders, just quantity
changes at contract unit prices.



Bad News




Cost Comparison

Conventional Capped Pile ® GRS Abutments $36,828
Abutments $50,018 FRP Beams $90,694

Prestressed Concrete Box Concrete Deck $7,776
Beams w/ paving $53,296 FRP Rebar $12,500

Tota $103,314 Tota $147,798

Superstructure $53,296  gyperstructure  $110,970



Cost justification

otal Package would need to last 104 years
al adiscount rate of 1.8%.

Superstructure would have to last 104 years
at 0%, 170 years at 1%

In summary, unless the site demands that'no
heavy equipment be used, FRP cannot be
cost justified.
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