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PRESENTATION OUTLINE

Material Properties of High Strength Reinforcement

Potential Cost Savings



Changes in AASHTO Bridge Design Specifications

- — — Not yet for design

- Allowed high strength bars up to 100 ksi - Horizontal shear
- etc.

1973 — 11 Edition
- Added load factors
- Allowed Grade 60 bars

¥

1961 — 8! Edition
- Included prestressed concrete section
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BDDM 1.5.5.1.17 — High Strength Reinforcement

1551147 High Strength Reinforcement

Grade 80

ASTM A1035 Grad,

ASTM AB1S5 Grade

Application of High Strength Reinforcement

Do not use high strength reinforcement in members designed for plastic seismic performance (such as
bridge columns). Although A705 Grade 80 reinforcement has simiar ductiie properfies compared to A705
Grade 60, testing of full-scale seismic models sufficient to satisfy AASHTO concems has not yet been
completed

For A1035 Grade 100, the stress-strain property s very difierent from A706. There is not a welldefined
yield piateau. More experimental festing is necessary before its ful implementation in members designed.
10 form plastic hinges. The oversirength magnifier as defined for A706 in the Guide Specifications for
LAFD Sefsmic Bridge Design may not be appropriate Al this time, an overstrength magnifier of 1.4 &
recommendsd when high Strength reinforcement is used in capacity-protectsd members

Use of high strength reinforcement is recommended in the Tollowing areas:

« Bridge decks — When high sirength reinforcement Is used in a bridge deck, use it for both
longitudinal and transverse bars. Refer to BDDM Figure 1.0.1C and Figure 1.9.1D for deck

1

ASTM A706 Grade 80

ASTM A706 Grade 80 reinforcement is available on the market. The cost premium for A706 Grade 80
reinforcement is approximately & » over Grade 60. Local steel mills {'Cascade Steel Rolling Mills) are

ance and so there would typically be na concem With the Seismic performance. If there s

perform: deck g
sufficient quantity 1o meet the minimum order. high strength reinforcement can also be used for i 1.21'( d,ﬂ ,,m

lateral confinement in drilled shafts. s

R Y T S ol il e [l e I N
in negaﬁve and positive moment areas of crossbeams and end beams. Normally, these

members are capacity-protected; herefore they are designed 1o remain elastic during a seismic m - fde girder H-Hn-n
s

euenl Even if the same bar size is used for both negative and posfive moment areas, the
imum order auaniity will normally be met onlv on a lare multi-soan bridoe  Hioh strenath AL IRa AT R RraamE S Rt Sal Fan hasmd

ASTM A1035 Grade 100

ASTM A1035 Grade 100 reinforcement has a design yield strength of 100 ksi. Proprietary products that
meet the requirements of ASTM A1035 specifications are sold under the brand names of ChromeX@&
9100 (formerly known as MMFX ChrémeXT"' 4100, and ChrémeX® 2100. The main difference

R S B R R S Fous 15 S ‘Iumk’s i S USYERAAISHL IS SIS IS Sl SV TS 11 I UL (el IS I
previously mentioned members that are allowed 1o be reinforced with high strength s fasimsr b Suampmad o Ginkan B0
that the auantities shown in the fioure will be different if hioh valh r-lnh(ﬂ-ment s used A reduction

products are not weldable. Currently, Cascade Steel procluces‘VW(r:hrcwne)(I ) 910(j. Chromex™ -"4100, and
Chrome 2100 with a cost premium of approximately 175% , and 50%, respectively. Cascade

different lengths depending on the soil condition at the siles. Several bar sizes are grouped together
since these bars can be allemately used in the design o reduce a number of different bar sizes. It s
good praciice o specily only a few bar sizes in each member. Using fewer bar sizes may aid in meeling
Ml minimums. Common bar Sizes (#4, #8, #11) are produced on a regular cycle and may be avallable
from inventory a the local mills

ASTM A615 Grade 100

Grade 100 reinforcement under ASTM A615 will be available soon. Cascade Steel will produce this new
ASTM addition, starting in mid-2015. Similar to other high strength reinforcement products, even though
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1551147 High Strength Reinforcement
ASTM A706 Grade 80

ASTM AT06 Grade 80 remforcement is avallable on the markel. The cost premium for A706 Grade 80
reinforcement is approximately 8-12% over Grade 60. Local sieel mills (Cascade Steel Rolling Mills) are
producing Grade B0 reinforcement on a regular cycle. Even though there is a required minimum order of
50 tons for combined size and length, there can be some fiexibiity for smaller quaniiies. Contac
Cascade Steel for requirements, when high sirength rebar is considered for a project with less tha
tons.

When using A706 Grade 80 reiforcement, the design yiekd sirength is 80 ksi. ASTM AT06 reinforcement
Is weidable. Welding would be needed when A706 Grade 80 reinforcement is used for confinement
hoops. The contractor needs to submit a POR and WPS for approval as Is typical for any rebar welding.
ASTM A1035 Grade 100

ASTM A1035 Grade 100 reinforce

Grade B0 bars are anticipaled to be a better option for a replacement of Grade 60 bars, due to lower cost

B G o 5 A Application' of High Strength Reinforcement
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Application of High Strength Reinforcement

good practice 1o specily only a few bar sizes in each member. Using fewer bar sizes may aid in meeling
mil minimums. Common bar sizes (#4, #6, #11) are produced on 3 reguiar cycle and may bé available
from inventory at the local mills

e Bridge decks - W
longitudinal and tr:

Drilled shafts — Use ¢
thereby making ther

deck girder spans
.

*indudes intermediate diaphragms, end beams, and cap beams.

**A706 Grade 80 rebar

Figure 1.5.5.1.17

SRS bridge columns). Although A706 Grade 80 reinforcement has similar ductile properties compared to A706
Grade 60, testing of full-scale seismic models sufficient to satisfy AASHTO concerns has not yet been
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ASTM A706 Grade 80

o aCosi

e Stress — strain behavior
e Ductility

o Weldability

Minimum order of 50 Tons for each size and cut length!
(Verify with local mill)




ASTM A706 Grade 80
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SEISMIC PERFORMANCE OF
CIRCULAR REINFORCED
CONCRETE BRIDGE COLUMNS
CONSTRUCTED WITH GRADE 80
REINFORCEMENT

Final Report

SRS 500-610

SEISMIC PERFORMANCE OF CIRCULAR REINFORCED
CONCRETE BRIDGE COLUMNS CONSTRUCTED WITH
GRADE 80 REINFORCEMENT

SRS 500-610
A report in partial completion of the PacTrans project

NEW STRATEGIES FOR MAINTAINING POST-SEISMIC
OPERATIONS OF LIFELINE CORRIDORS

by

David Trejo. Ph.D., André R. Barbosa, Ph.D.. and Tim Link
Oregon State University

Sponsorship
PacTrans and Oregon Department of Transportation
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555 13" Street NE
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August 2014




DESIGN GUIDELINES FOR CONCRETE BEAMS REINFORCED WITH MMFX
MICROCOMPOSITE REINFORCING BARS

M. Dawoad |, H Seliem, Dr. T. Hassan, Dr. S. Rizkalla
Department of Civil, Construction and Environmental Engi
2414 Campus Sh L NC, 27695-7533, USA, Sami_Riz

Experimental

Stress (ksi)

0.0000 0.0200 0.0400 0.0600 0.0800 0.1000 0.1200 0.1400
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Figure 2: Comparison of Proposed MMFX Material Models

TODAY'S STEEL STANDARD

ENGINEERING BULLETIN No 1 = JUNE 2012

MECHANICAL PROPERTIES MMFX, (ASTM A1035/A1035M)

MMEFX; (ASTM A1035/A1035M)

Standard Specification for Uncoated, Corrosion-Resistant, Deformed and Plain, Low-Carbon, Chromium, Steel
Bars for Concrete Reinforcement

Typical Stress-Strain Curves for MMFX; (ASTM A1035/A1035M) Reinforcing Bars
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HIGH STRENGTH
REINFORCEMENT

8 foot diameter shaft
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Bridge Projects in Oregon

Chehalem Creek Bridge (22008) l D ment

of Transportation




HIGH STRENGTH
REINFORCEMENT

Br. 22002 - Hess reek




HIGH STRENGTH
REINFORCEMENT

Bents 3 -6
6 ft column (50 — 60 ft long)
38 - #11 (1.5% reinforcement ratio)

8 ft drilled shaft (~100 ft long)
Bending moment = 30,000 kips-ft
Shear = 1,300 kips
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Bridge Projects in Oregon

Chehalem Creek Bridge (22008) l D ment

of Transportation

Sellwood Bridge (21493) AMULTNOMAH
COUNTY
—/



HIGH STRENGTH
REINFORCEMENT
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Bridge Projects in Oregon

Chehalem Creek Bridge (22008) z Oregon
ofe g’?;ngsgrtatmn

Sellwood Bridge (21493) AMULTNOMAH
COUNTY
—/

Tilikum Crossing, Bridge of the People TR | @ MET



HIGH STRENGTH
REINFORCEMENT

As Rl " L
I N A

Lower portion of
pylons and cross
frame

Edge girders for
bridge deck

Foundation



HIGH STRENGTH
REINFORCEMENT

Grade 80 in a Typical Deck - Jackson School Road Over Hwy 47




HIGH STRENGTH
REINFORCEMENT

Grade 80 in a Typical Deck

Grade 60

#H @ 7.5
131,300 Lbs
(66 tons)

$ 118,200
($0.90 / Lb)




HIGH STRENGTH
REINFORCEMENT

Crossbeam — Grade 60

Top: 12 - #11 bars

Bottom, Row 2 — 20 - #11 bars

Bottom, Row 1 — 20 - #11 bars

#6 stirrups @ 6” ctrs




HIGH STRENGTH
REINFORCEMENT

Crossbeam - Grade 80

Top: 9 - #11 bars

Bottom, Row 2: 12 - #11 bars

Bottom, Row 1: 18 - #11 bars

Stirrups #6 @ 8” ctrs




HIGH STRENGTH
REINFORCEMENT

Crossbeam - Grade 100

Top: 8 - #11 bars

Bottom, Row 2: 8 - #11 bars

Bottom, Row 1: 16 - #11 bars

Stirrups #6 @ 10" ctrs




HIGH STRENGTH
REINFORCEMENT

Cost Comparison — (based on two crossbeams)

Grade 60 Grade 100
61,250 Lbs 45,200 Lbs (-18%)
$55,100 (@ 0.90/Lb) $47,500 (@1.05/Lb)

$ 7,600 savings

14% cost reduction

Equivalent Grade 60 cost $1.22 per Lb (+32¢)

13 Tons of #11 bar



HIGH STRENGTH
REINFORCEMENT

Grade —-60-230-100

(Positive moment only)

Grade 60

70 - #11 bars

35% < Gr 40

Top row of bundled
bars eliminated
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HIGH STRENGTH
REINFORCEMENT

Grade —-60-230-100

(Positive moment only)

Grade 100

44 - #11 bars

37% < Gr 60
No 3-bar bundles
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Concerns & Issues

e Seismic performance not established

 Research ongoing for Grade 80

« Availability & cost needs to be verified

» Cost likely to increase as high-strength becomes more available

 Splice lengths, hook lengths, development lengths are longer

« Minimum steel, crack control, temperature steel requirements




Recommendations

e Decks, Crossbheams, Drilled Shafts

 Reduced congestion and lower cost
e« ~ 21,000 ft? of deck area req'd for 50 ton minimum order

« Verify availability and cost with local rebar suppliers

« The market is likely to change significant in the next few years
e Current cost savings with Grade 80 approx. 10-12% for OR projects

 |If <50tons, consider detailing both Grade 60 and HS

« Combining Grades okay if at least two bar size difference
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