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HSR Design: Introduction

High-Strength Reinforcing and Concrete Design...
outlook:

* Designers will be challenged with greater expectations, and new
responses for these enhanced materials.

* Traditional concepts of ductility and linear elastic-plastic
response and analyses will be challenged. Probabilistic reliability
and psuedo-ductility of composite structural systems may need
to replace, traditional concepts of safety margins and minimum
ductility requirements of component materials.

° Strain-based design is increasingly being used as a more
consistent design approach across a variety of materials rather
then the traditional stress-based design methoc

20t6_|——
)_g;i;n Training




HSR Design: INntroduction (cont.)

* Structural Codes of Practice (AASHTO-BDS, ACI 318, AISC Steel Design
Specifications, Eurocode 2, fib Model Code 2010, and many others
worldwide) have already moved partially in this direction in the last 25-30
years with the adoption of LRFD based design specifications which set up a
framework to implement and refine structural reliability concepts, through
Strength Limit State calibration to past practice...

* Inthe U.S., AASHTO’s SCOBS is currently involved in efforts to calibrate the
Fatigue and Service Limit States to provide uniform levels of reliability for
design. The Service Limit State is perhaps even more challenging than
Strength and Fatigue Limit States since failure is defined by a broader range
of responses some of which are somewhat arbitrarily defined based on
successful past practice. These responses include: Deformations; Durability;
Aesthetics; and even perceptions of safety and comfort (crack widths,
vibrations, etc.).

* Replaceability, Resiliency and Sustainability are also becoming increasingly
important to some owners. These are difficult to assign into our current Limit
State categories and may require definition in the future of another if we

want to consistently quantify them.
20l6_|——

)esign Training
- Expo




HSR Design: INntroduction (cont.)

High Strength Reinforcing

* AASHTO-LRFD BDS adopted design provisions for use of 100 ksi
reinforcing steel (for Seismic Zone 1) in the 2013 Interims:

* ““ NCHRP Project 12-77 was initiated to provide an evaluation of existing
AASHTO LRFD Bridge Design Specifications relevant to the use of high-
strength reinforcing steel and other grades of reinforcing steel having no
discernable yield plateau. An integrated experimental and analytical
program to develop the data required to permit the integration of high-
strength reinforcement into the LRFD Specification was performed...”
(AASHTO Bridge Committee, Ballot Item Background 11-29-2011)

* Final project report was NCHRP Report 679 “Design of Concrete
Structures Using High-Strength Steel Reinforcement”

* SDG 1.4.1- 2016 expanded to allow reinforcing for design :
* < Grade 75 for WWR;

* with pr;or SDO approval > Grade 60 for ASTM A615, A955 & A1035
(100ksi
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http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=366
http://www.trb.org/Main/Blurbs/165124.aspx

HS c Design: Introduction (cont.)

High Strength Concrete
* AASHTO-LRFD BDS adopted provisions for use

of 10 ksi — 15 ksi concrete in 2013 & 2015 Interims: s

* NCHRP Re POrt 595 - Application of the LRFD Bridge Design Specifications to High-

Strength Structural Concrete: Flexure and Compression Provisions (5/28/2007 NCHRP Project
12-64)

* NCHRP Re POrt 579 - Application of the LRFD Bridge Design Specifications to High-
Strength Structural Concrete: Shear Provisions (8/31/2006 - NCHRP Project 12-56)

* NCHRP Report 603 - Transfer, Development, and Splice Length for
Strand/Reinforcement in High-Strength Concrete (5/28/2007 - NCHRP Project 12-60)

* SDG 1.4.3 - 2016 added Table 1.4.3-2 for Minimum 28-Day
Compressive Strength for Design

* < 8.5 ksi for Conventional Projects (Design-Bid-Build)
* <10 ksi* for Non-Conventional Projects (Design-Build, PPP, etc.)
* No standard concrete class > 8.5 ksi in Specification 346. 2016/[J
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http://www.trb.org/news/blurb_detail.asp?id=8375
http://www.trb.org/Main/Blurbs/158608.aspx
http://www.trb.org/Main/Public/Blurbs/157097.aspx

HSR Design: INntroduction (cont.)

Structural Elements that may benefit from HSR:
1. Large difference between Strength and Service Loads
2. Not sensitive to modest increase in deflections:

3. Good Candidates:
v Wind Loads govern (e.g. Noise Walls — Post and/or Panels)

v Extreme Event controls (e.g. Traffic Railings; Truck-Impacted
Bridge Column**; Ship-Impacted substructures;

v Combined Axial-Flexure Designs = Heavily Congested Drilled
Shafts.

**Not Pile Bent and Piers Caps in Florida, due to 24 ksi Service IlI
tension limit.

4. Poor Candidates:
“*  Buried Structures (e.g. Box Culverts, Drainage Structures);

“* Bridge Pier Caps.
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?esign Training
- Expo




HSR pesign: Types of HS Rebar

* Low-carbon Chromium Steel (ASTM A1035 - Grade 100 )
* Stainless Steel (ASTM A276 or ASTM Ags5 - Grade 75)

* Welded Wire Reinf. (AsTM A1064 - Grades 65-75, © )

* Carbon-steel (AsT™ A615/A706 Grade 75 )

* Carbon FRP Rebar (uts160 - 210 ksi)
* Glass FRP Rebar (uTs 8o - 125 ksi)
* Basalt FRP Rebar

2705 Ul
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HSR pesign: Types of HS Rebar

* FDOT Specifications Section 931:

931-1 Reinforcement Steel (for Pavement and Structures).
931-1.1 Steel Bars:

931-1.1.1 Carbon Steel Bars: ——
steel bars for concrete reinforcement shall conform to the requirements of ASTM A615
Grades 60 or 75 except that the process of manufacture will not be restricted. For processes not
included in ASTM A615 the phosphorus content will be limited to 0.08%.

931-1.1.2 Stainless Steel Bars: Stainless steel bars for concrete reinforcement
shall conform to the requirements of ASTM A955. Grades 60 or 75: or ASTM A276.
UNS S31653 or S31803.

931-1.1.3 Low-Carbon Chromium Steel Bars: Low-carbon chromium steel bars
for concrete reinforcement shall conform to the requirements of ASTM A1035 Grade 100.

Carbon

931-1.2.2 Stainless Steel Wire Reinforcement: Plain and deformed stainless
steel wire reinforcement shall meet the requirements of ASTM A276. UNS S30400.

931-1.2.3 Acceptance of Wire Reinforcement: Acceptance of wire
reinforcement shall be based on the manufacturer’s certified mill analysis certifying that the test
results meet the specification limits of the ASTM designation for the particular sizes and any

additional requirements. Prior to use. submit to the Engineer the manufacturer’s certified mill

analysis for each heat and size per shipment.
931-1.3 Carbon Steel Welded Wire Reinforcement:
931-1.3.1 PlainCarbon Steel Welded Wire Reinforceinement-Steel: Laless

stherwiseshowninthe PlansplatnwWelded wire reinforcing steel shall meet the requirements 2914 y /
of ASTM A1064. ) SN .
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http://www.dot.state.fl.us/programmanagement/Implemented/SpecBooks/July2016/Files/931redln716.pdf

HSR pesign: Types of HS Rebar

* FDOT Specifications Section 932:

932-3 Fiber Reinforced Polymer (FRP) Reinforcing Bars.

932-3.1 General: Use onlv solid round thermoset pultruded glass fiber reinforced
polymer (GFRP) or carbon fiber remnforced polvmer (CFRP) remforcing bars. All FRP
reinforcing bars shall meet the requirements of ACI 440.6 following the test methods from
ACIT 440.3. Use only GFRP bars manufactured using glass fibers classified as E-CR or R that
meet the requirements of ASTM D578. Meet the additional requirements of this Section
following the sampling frequency and number of specimens required by ACI 440.6.

Table 3-1
Size and Strength of FRP reinforcing bars
e . ~ [Nominal Cross| Maximum f "s. Guaranteed Ultimate
Bar Size Nominal Bar | 57— — | . — — :
Designation | Diameter (in) Sechopaﬁl Area |Cross Sec_‘nzonal Tensile Strength (ksi)
— Areall) "GERP Bars | CFRP Bars
2 1/4 0.049 0.058 125 210
3 3/8 0.110 0.132 120 190
4 12 0.196 0.234 110 170
5 5/8 0.307 0.367 95 160
[ 3/4 0.442 0.529 92.5 160
7 78 0.601 0721 9 -
8 1 0.785 0.942 85 -
9 1-1/8 0.994 1.192 32.5 -
10 1-1/4 1.227 1.472 80 - 2016 /‘J
—
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http://www.dot.state.fl.us/programmanagement/Implemented/SpecBooks/July2016/Files/932redln716.pdf

HSR pesign: Types of HS Rebar

Unit Prices for Rebar

(Materials-only, except as noted; early 12)

Black (#4) - Solid SS (#7)

Eppxy (#4) (w/surcharge)

Epoxy i - Basalt FRP
Galvanized .68-. (10 mm)

Purple ECR ($S/ft)*
(includes fabric.) FRP ($$/sq ft)*

Z-bar (includes (#5 and #06)
fabric. & transport.) ($$/1in ft)*

Source: Louis N. Triandafilou, P.E. FHWA Office of Infrastructure R&D (2012) 2016
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HSR Design: Design Rules

Basics of 100 ksi Steel Reinforcing:

* ASTM A1035 (Low-Carbon Chromlum
Remforcmg Steel is comﬁatlble may
be in direct contact) with ASTM A615
reinforcing

* Does not have a well defined yield
plateau

* Yield strength is determined by:
- 0.2% offset
- 0.35% or 0.5% extension

* Allowable Yield stress in tension and
compression are not the same.

* Tension yield = 100 ksi
* Compression yield = 80 ksi
* At concrete ultimate design strain

(0.0030), steel has not y| elded (yield
strain' = 0.00345 — 0.004)

180
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Fig. 1.1—Actual stress-strain curves for ASTM A615/
A615M, ASTM A706/A706M, and ASTM A1035/A1035M

reinforcing bars of different grades (WJE 2008).
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DETERMINATION OF YIELD STRENGTH

www.crsi.org

HSR

Stress (ksi)

Design: Design Rules

fy = fy1 where f,, = 60 ksi
fy = fy2 where f;, < 60 ksi

fy = fys using 0.2% offset method

Strain (in./in.)

AASHTO LRFD - Chapter s

C5.4.3.1

Unlike reinforcing bars with yield strengths below
75.0 ksi, reinforcing bars with yield strengths exceeding
75.0 ksi usually do not have well-defined yield plateaus.
Consequently, different methods are used in different
standards to establish yield strengths. These include the
0.2 percent offset and the 0.35 percent or 0.50 percent
extension methods. For design purposes, the value of £,
should be the same as the specified minimum yield
strength defined in the material standard. Based on
research by Shahrooz et al. (2011), certain articles now
allow the use of reinforcing steels with vield strengths

up to 100 ksi for all elements and connections in
Seismic Zone 1.

cnsl Concrete Reinforcing Steel Institute
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HSR Design: Design Rules

Basics of 100 ksi Reinforcing:

Added to AASHTO LRFD 6 Edition (2013 Interims)
Modulus of Elasticity (E,) remains the same (29,000 ksi).

Reduction of reinforcing (A,) possible with the use of higher strength
concretes.

Bar Bending for the same diameter will be more difficult (field
bending)

Transverse reinforcing may require tighter spacing .
* Confined concrete section to restrain longitudinal bars from buckling.

Both tension and compression mild steel reinforcement must yield
for accurate results:

* Require equilibrium and strain compatibility to determine flexural resistance;
* If ¢>3d;andf, < 60ksi=> f, may be replaced by f;

* If c<3d;,orf, >60 ksi=>use strain compatibility or ignore compression
reinforcément;

° Maximum stress (f;) is < f,.

2016 | —
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HSR Design: Design Rules

Basics of 100 ksi Reinforcing:

* €,=0.002 foryield strength of
60 ksi 5 R
° £4=0.004 for yield strength of Compressive
100 k.SI . ) > strain limits
* £, =linear interpolation based
on specified min yield strength

between 60 & 100 ksi. /

* €, =0.005 foryield < 75 Ksi A
* €,=0.008 for yield of 100 ksi >

* g, = linear interpolation based
on specified min. yield
strength between 75 & 100 ksi Y

Tensile
strain limits

20t6_|——
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HSR Design: Design Rules

Basics of 100 ksi Reinforcing:

* AASHTO LRFD 5.7.2 - Assumptions for Strength and
Extreme Event Limit states

Table C5.7.2.1-1—Strain Limits for Nonprestressed Reinforcement

Strain Limits
Compression Tension
Specified Minimum Control Control
Yield Strength, ksi £y £y
60 0.0020 0.0050
75 0.0028 0.0050
80 0.0030 0.0056
100 0.0040 0.0080

Theoretical Yield strain based
on E, =29,000 ksi

~0.0021

~0.0026

~0.0028 (7% more strain for &)
~0.0034 (15% more strain for &,))

2016 | —
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HSR Design: Design Rules

Basics of 100 ksi Reinforcing:

* AASHTO LRFD - Resistance Factors
Equations 5.5.4.2.1-1 & 5.5.4.2.1-2

1.2
0.25(¢, -€,) :
1.1 0.75=¢=0.75+ ( : ] <1.0 | Equation5.5.4.2.1-1
E,—E,
Prestressed
1 s assEsaEmsEsssEsassEEsEsSEESsEEEESIEEsISSsIEEsEEsEEsmssshsmssmsmmss

U.g L L L L L L L T L L L T T ; -.-P ___________

T Non-prestressed

.‘__.-"'
i
0.8 - g A
-"-‘

0.1 S(E‘J — _f) Equation 5.5.4.2.1-2
0.7 1 0.75=20=0.75+ =~ =(.9
(e,-¢,)

el C i Transition Tensi

ompression ension

Controlled i B i Controlled
0.5

€ €y

&

Figure C5.5.4.2.1-1—Variation of ¢ with Net Tensile Strain £, for Nonprestressed Reinforcement and for Prestressing Steel 20’ 6 P \-/ .
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HSR Design: Benefits

* Increased Flexural and Shear Strength;
* Reduced congestion;

* Reduced transportation and placement
Ccost;

* Many high strength reinforcing
materials also have improved durability
properties.

20t6_|——
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HSR Design: Challenges

* Meeting Service Limit State crack control requirements

* Phi factors for M-N Interaction in FBMP can not be set to address
transition and max. limits at different strains for different tensile

materials;
FRP bar bends

3 :“ S

Streneth of bent portion of a bar ACT 440.3. Method B.5 >60% of straight portion of bar
Transverse Shear Strength ASTM D7617 =22 ksi1

» Block pull-out by ACT 440.3R. L

Bond Strength Method B 3 >1.1 ksi
932-3.4.1 Certification: Meet the testing requirements of Table 3-3 for product 2016 /‘\_/
esign Training

acceptance. Submit to the Engineer a certification from the producer of the FRP bars. confirming )
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HSR

Noise Wall Posts:

Design: Example Application

* Current Index 5200 limits post spacing to 15’ for 20’-22’ tall
wall in 150 mph wind zone.

* Designs are based on:

* Use of a single post cross section shape;
* Minimum bar spacing and concrete cover criteria;

* Grade 60 reinforcing.

16"

3" 4 Equal sp. 3"

: ‘Q i f Bars A

/ Bars P1 (Staggered)

Bars A
} Bars B

Bars B

2" Cover
(Typ.)

TABLE 3A - TABLE OF POST RFINFORCING STEEL
POST LENGTHS WIND SPEED = 150 MPH
WALL 10-0" 200"
HEIGHT POST SPACING POST SPACING
(Feetl | wirhour | witH | BARS BARS BARS BARS BARS BARS BARS BARS
cap caP A B o E A B o E

SIZE SIZE D SIZE S5IZE oM SIZE SIZE o SIZE SIZE [

P w W Iy

12 13-0% | 13-z | #4 #4 | 9-5" | #5 #5 |02 #7 #7 104 | #7 #7 | g-a
13 1a-0y | 14-2 #5 #5 |1r-2| #5 #5 |1o-2| #7 #7 | 1o-a| #7 #7 | g-a
14 150k | 15-2" | #5 #5 |1r-2| #s #5 | 10-2"| #8 #8 |1r-10"| #8 #8 | 9-10"
i5 160k | 1e-2i | #s #5 |1r-2| #6 #6 | 1r-9| #s #8 |1r-100| #8 #8 | 9-10"
16 1ol | ar-2 | #e #6 |12-9| #6 #6 | 1r-a| #s #9 |11-3v| #8 #9 | 93
17 1g-ok | 1g-2w #6 #6 | 139 | #7 #7 | 13-4 | #9 #8 |12-10"| #9 #8 |10-10”
18 190l | g2l | #6 #6 | 139" | #7 #7 |1z | w9 | #10 |ar| #9 | #10 | 97
19 20-0% | 20-2% | #7 #7 | 15-ar| #7 #7 | 13-4 | #10 | w9 |14-3| #10 | #9 | 123

15-0" POST SPACING

20 2r-pk | 2r-z2ly #7 #7 | i15-a"| w#a #8 |14-10"| #9 #9 | 19-3"| #9 #9 | 12-3"
21 2201 | 22-2% #7 #8 |1a-10"| #a #8 |1a-100| #10 #9 | 15-3"| #10 #9 | 14-3
22 230V | 232 #7 #8 |1a-10?| #8 #8 |1a-10°| #10 | #10 | 16-7"| #10 | #10 | 13-7

2016 | —
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http://www.dot.state.fl.us/rddesign/DS/17/IDx/05200.pdf

HSR Design: Example Application

Noise Wall Posts: LT,
* Summary of Strength Il Loads for 111 IR
20’ Post Spacing we (T
« | HE2 ] e
20 foot Spacing - Strength lll
SHEARS MOMENTS e
V410 (k) | V130 (k) | V150 (k) [M110 (k*ft)| M130 (kft)| M150 (k*ft) I
978 13 65 18.18 63.54 88.75 118.16 ] i
1053 1470 1958 7369 10293 137.03 \ *
11.28 15.75 2097 8460 118.16 157 31 T s
12.03 16.80 2237 9625 13444 178.98 e
12.79 17 87 2379 10881 15198 20234
1356 18.94 2522 12230 17082 207 42
14.34 2003 2667] 13672 19096 254 24
1513 2114 2814 15200 21242 282 81
1593 2225 2062 16840 23520 313.14 | _
16.74 2338 3112 18567| 25932 34525 reica post
17 55 24 51 3264 20389] 28478 379.14 2016/,J h
)esign Training
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HSR Design: Example Application

Noise Wall Posts:

¢ Compare design for Grade 60 with no limits on bar 60 ksi at 15’ spacing: © =0.90 all

spacing; * 20’ =$72,000 (AS =5.00 inz)
Mu = 245 kip-ft.

Reinforcing cost difference per 1000 ft. of wall;

© 207spacing vs. 15" spacing *: * 21" =$88,100 (As = 5.81in?)
20’ = $ 7,100 Mu = 270 kip-ft.
21" = $18,300 * 22’ =$97,400 (As = 6.35in?)
22’ = $ 42,000 Mu = 295 kip-ft.

* Larger bar sizes, and same cost/Ib. Reinforcing
cost Is increase at 20 foot spacmg, but 25% (16)
less shafts (cost saving not included).

60 ksi at 20’ spacing

* 20’ =$79,100 (As = 6.93 in?)
Mu = 313 kip-ft. & ¢ = 0.82

* 21" = $106,400 (As = 9.18 in?)
Mu = 345 kip-ft. & ¢ = 0.75

LA 22’ = $139,400 (As = 11.25 in?)
N "1
| I Vil = 379 kip-ft. & ¢ = 0.75
:|\* ’/Iirs P;;iajgered)
Saidiay |

2" Cover
(Typ.)
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HSR Design: Example Application

Noise Wall Posts:

* Compare design for Grade 100 vs. Grade 60; 60 ksi at 15’ spacing: @ =0.90 all
Reinforcing cost difference per 1000 ft. of wall; ¢ 20’ =$72,000 (AS =5.00 inz)
* 20’ spacing (Gr. 100) vs. 15’ spacing (Gr. 60): Mu = 245 kip-ft.
20’ =$ 4,400 (6%)-savings * 21" =$88,100 (As = 5.81in?)

21" =$10,200 (12%) - savings M&' =270 kip-ft. .
22'=$-10,700 (11%)* zzv\zu_:$29975’1?§. f(tAS = 6.351n°)
* 20% reduction in weight, but 11% increase in cost,
However, 25% (16) less Shafts (cost saving not

included). . , .
100 ksi at 20’ spacing:

* Cost per Pound (Installed) SDG 9.2.1 F )
Carbon Steel (60 ksi) = $0.90/Ib. © 20’ = $67)_600 (AS = 3.00 mz)
Low-Carbon Chromium (100 ksi) = $1.25/Ib. Mu =313 klp'ft.

e * 21"=477,900 (As = 3.95 in%)

LA Mu =345 kip-ft.
VAN * 22’ =$108,100 (As = 5.811in?)
NS ’.
I Mu =379 kip-ft. & ¢ = 0.80
:|\* ’/Iirs PIB(Sfaggered)
i \ ars A
He——"n" 2016 |——

2" Cover S — | L.
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HSR Design: Example Application

Noise Wall Posts - Summary:

* Break even point for cost of 100 ksi vs. 60 ksi reinforcing:
* <28%reduction in weight at given costs ($0.90, & $1.25 per |b.)

* 100 ksi is more cost effective with higher strength concrete mixes
* Deflection may increase (less rigid with smaller bar sizes)

* More transverse reinforcing may be necessary (compression
controlled sections).

* Development lengths: Depending on bar diameters, concrete
compressive strength and yield strength, more (or less) length may
be required.

I'-6"

3" 4 Equal sp. | 3"
Bars B
‘ i i /“J Bars A
}ﬁ .
‘ Bars P1 (Staggered)
i \ : / \ Bars A
O CTSO0oT: — — Bars B 20’6 /‘\_/
L

2" Cover S i L.
@yp) )es:gn Trat%ng



HSR Design:

Recommended Reading Resources:

* Applied Technology Council: ATC 115 Roadmap for the Use
of High-Strength Reinforcement in Concrete Design (2014);

* ACI ITG-6R-10 Design Guide for the Use of ASTM
A1035/A1035M Grade 100 (690) Steel Bars for Structural
Concrete. ACl Innovation Task Group 6, August 2010;

* NCHRP Report 679 Design of Concrete Structures Using
High-Strength Steel Reinforcement (2011);

* NCHRP 2014-D-09 Research Needs Statement - Ductility of
Concrete compression Members made with High Strength
Reinforcement with minimum yield strength up to 100 ksi
to Seismic Loading (2015).

20t6_|——
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FRC Design: INtroduction

1. Whatis FRC?

Benefits

Design and Testing
Example Applications
Challenges
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What is Fiber-Reinforced Concrete

(FRC)?

Types of Fibers:

» Materials - Steel, Basalt, Carbon,
Glass, Polymeric (acrylic, aramid,
nylon, polyethylene, polyester,
polypropylene, PVA),
Cellulose...

» Shape - Straight, Hooked,
Twisted & Flat, Round, or
Polygon cross sections;

» Size — Macro and Micro

Type of Concrete:

» Usually conventional
concrete;

» SCCpossible;

» Admixtures — usually on need
a superplasticizer (HWRA)

moe

a. Straight Siit
Sheet or Wire

Gludes steel macrofibers.

5
- . o w
Wire

b. Deformed Siit Sheet o

| Figure 2.2.1: ACl 544.1R

|

.o e

-

1
§
-
Exts

d. Flattened-End . Machined f. Melt Extract
Slit Shest Chip
or Wirs

Steel microfibers.

Steel fibers. l

Photos: Courtesy of Maccaferri Technical Manual “Fibers as Structural

Element for the Reinforcement of Concrete”.

\
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What is FRC... History

=
el

1600 1700 1800 1900 2000

Source: Bekaert Presentation “Steel Fiber Reinforced Concrete Design & Construction” (2014) 20’6 /' J ‘ !
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What is FRC... Manufactures

Y& BeforceTech iy Royal
Q abcpolymer” M

. . Pertormance Concrete Producty

i FibraShield® Max HELIX

Synthetic Macro Fiber

CEB
RE
INDUSTRIES

§Propex Fibermeshs NYCON

GRACE  pms

Talent | Technology | Trust™ 'BUILDING TRUST
e, Srom EUCLID CHEMICAL

pesig'n Training‘ )



What is FRC... Basic Principles

The Performance of Structural Fibers
Depends On :

A
Aspect L
Anchorage mechanism Ratio

(shape, surface friction, adhesion)

sy T
A . '. ST AT RS P R
» ¢ ® e -

. LI ARt | .
RC80/30BP | RC65/60BN | WiremixW40 Synmix 55 WWF P e rfo rmance
Steel fiber Steel fiber Steel Fiber Plastic fiber Mesh C t
Hooked Hooked Continuous Bond Spot weld oncrete
deformed cross bars
Dosage
Rates

Aspect Ratio: Length to
Diameter ratio L/D

Tensile strength of
the fiber material

Source: Bekaert Presentation “Steel Fiber Reinforced Concrete Design & Construction” (2014)

)esign Trainging

RC80/30BP | RC65/60BN | WiremixW40 Synmix 55 WWF RC80/30BP RC65/60BN RL45/50EN
Steel fiber Steel fiber Steel Fiber Plastic fiber Mesh Length 1.18 in (30mm) 2.36 in (60mm) 1.97 in (50mm)
445 ksi 161 ksi 105 ksi 100 ksi 72 ksi Diameter 0.015in (0.38mm) | 0.038 in (0.9mm) | 0.041 in (1.05mm)
Aspect Ratio 80 67 47

tho




What is FRC... Hybrid Systems

The Performance of Structural Systems can be
enhanced with multi-component synergy:

Concrete:

(Cementitious = OPC -strength, Flyash -heat/packing, Slag-
heat/packing, Silica Fume -high density;

Aggregates = Fine NWA/LWA -IC, Course NWA/LWA -weight;
Admixtures=SRA,HRWA -workability/W/C -permeability)

Fibers:

Longitudinal Tensile (micro = Polymer -shrinkage/

Reinforcing: anchorage of macro fibers;
(Steel/GFRP/ CFRP rebar macro = Polymer -fire
and/or prestressing) resistance, & Steel -crack
control, ultimate strength)
20t6_|——
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FRC Design: Benefits

Reduction or elimination of bar reinforcing;
Less congestion;

Lower labor costs;

Smaller crack sizes;

Better distribution of localized stresses;

. Can provide additional confinement;

esign Training

P

Erpo



FRC Design: Design and Testing

* FRC Design & Testing Guidelines
» European vs. USA
> fib vs. ACI & ASTM

* Fiber Manufacturer Research:
* Structures Manual (SDG)

20t6_|——_ h
)esign Training
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FRC Design & Testing Guidelines

fib Model Code 2010
Europe): (CEB-FIP

* Rational design method
on characteristi ot sed
e ristic material

* Simplified (rigid-plasti
refined (li DS,
method(s;mear post-cracking)

* Material testi -
EN14651. esting requirements

|
| BSEN
]ﬁIT/IS_H’SEAINEgD_,_/ | 14651:2005 ‘
e | +A1:2007
| \

pro———

Test method for “ b \
i |

________

metallic fibre ‘
concrete — Measuring|
the flexural tensile
strength (limit of  fib Mode\ Code

proportionality (LOP): RE{YWIIVELS Structures

residual) L 2010

AC| 544 6R-15

ACl 544 (USA):

* No codified Design Specificati
e
gOOd baCkgroUn in OrI(ET!]faI%iaotll‘](?n, but
)

* ARS is empirical design method,;

* ASTM test methods do not adequately

characterize i :
strength des%lﬁpertles for ultimate

P

ACI544.1R-96 l NN

(Reapproved 2009) \ ({:‘cll 544.412:3;'
poroved

Report on Fiber Reinforced Concrete \
Design Considerations for Steel Fiber Reinforced Concrete

R
ACT SHA2RES
(Réapproved 2009

Measurement of Properties of Fiber Reinforced Concrete

Report on Design
and Construction of R fae
pack

Steel Fiber-Reinforced e
Concrete Elevated Slabs B

AC1544.3R-08
et

Guide for Specitying.
Proportioning, and Production
of Fiber-Reinforced Concrete

Raported by ACl Committee 544
American Concrete Institute”

[ —

ACI 544.5R-10
e

Report on the Physical Properties and
Durability of Fiber-Reinforced Concrete

Reported by AC! Committee



FRC Design & Testing Guidelines

European Code Development : a"“ ” |
* 2001 - DBV Merkblatt Stahlfaserbeton, S
Deutsche Beton Vereins, Germany H—

* 2003 - RILEM TC 162-TDF. Test and
design methods for steel fibre
reintforced concrete - o-¢ design
method

* 2006 - CNR-DT 204. Istruzioni per la
Progettazione, ’Esecuzione ed il ,ﬂ,l?n
Controllo di Strutture Fibrorinforzato,

IConpsiglio Nazionale delle Riserche,
ta y. ( 3 h Model Code

* 2008 - EHE-08 Instruccion del - 010
Hormigon Estructural, Comision
Permanente del Hormigdn (Ministerio
de Fomento), Spain

* 2013 - Model Code 2010, Comité Euro-
International du Beton-Federation = =

(fib)

A A N A

20t6_|——_ h
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FRC Design & Testing Guidelines

fib Model Code 2010 (CEB-FIP
Europe):

* Design ...

05/u-02 fu
(©)

Figure 5.6-9: Stress disgrams for the determination of the residual tensile
strength fg.. (b) and fg, (c) for the linear model, respectively

fib Model Code
for Concrete Structures

2 2
M= fR3bh3p _ mebh:p
M 6 2
Z/ j Displacement 67
LI— 1 f Figure 7.7-1: Typical load [P} ~ displacement [ §) curve for a FAC structure
) }r =da
=3 - .
|€= Rigid-Plastic Model

Figure 5.6-8:  Simplified model adopted to compute the ultimate residual tensile
strength in uniaxial tension fgy, by means of the residual nominel bending strength fpy

feu o5¢ 021,

P
"
[}
i
1
i
i

CMOD [mm]

CMOD,=05 CMOD,=2.5 w, CMOD, »

(a) (b)

Figure 5.6-10: Typical results from a bending test on a softening matarial (a);

linpar post-cracking constitutive law {b)
006 [ ——

)esign Training
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FRC Design & Testing Guidelines

fib Model Code 2010 (CEB-FIP - v -

° . > E, < [
Europe)o & = E, :.-fﬂ

CASE (I

G0, 5T,
E,—E, &,-§,

* ...Design

CASE (n
G % %%
Table 5.6-1:  Partinl safaty factor E,~8, &,—E,
Material Partial safety factors
FRC in compression Ag plain concrele
FRC in tension (limit of lineariiy) As plain concrete " CASE (I . CASE ()
FRC in tension (residual sirength) ¥=15 4 :

For serviceability limit states (SLS), the partial factors should be

taken as 1.0 {,-’: -

fib Model Code
for Concrete Structures

2010

gy

®)

Figure 5,6-11:  Strass—strain relations at SLS for softening (a) and softening or

hardening (b, ¢} beheviour of FRC
2016 _|——
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FRC Design & Testing Guidelines

EN 14651
(European Standard):

* Testing....

CLROPEAN STAND ARD EN 14651

NORME EUROPEENNE

EUROPAISCHE NORM June 2005
S

1C5 6110030

English version

Test method for metallic fibered concrete - Measuring the
flexural tensile sirength (hmit of propunicnality (LOPY, residual)
Md&m&mmmuﬁﬂws—w Pﬁm!li\mﬁrwmmlwﬂl&se’n»

&hmilnw&ﬂamﬂmd& Bfﬁinmrud!f&agmdaﬂng\ed
pmpmmndﬁ {LOP), resistance: résioushe) (Prw‘ﬂmﬂl’agalﬂ. residuslie’ WW)
Stan by CENon 3. Agr 2005

i the conditions for giving 1S European
such national

&N"ﬂmﬂsnwﬂwmm“"& g
' N CENELES e ot et and b
o 2y CEN meTer.

S
D e an S5

T Srandard sasts it tre= o

T e respenshilty of a CEN mETESt

ersions.

ﬁsmwwwmﬂmw\m.mﬁmﬂimm
Netredands. . Poand, Pocudl. Sovaka.

it embou Maa,
g;awg,;";‘;gdm ™ ?

cxl
Gemany.
Glaveniz,

EN 14651

4
1
|
|
|
I
|
|
|

Units: mm

I
|
|
|
|
|

| CMOD (mm)

L . :
CMOD,=05  CMOD,= 15

=25  CMOD,=35

Residual Strength:

. Source: EN 146
. 51-05
Limit of proportionality:

3LF,

frj =572
2bh3,

3LF,
2bh3,

LOP =

2016 _|——
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FRC Design & Testing Guidelines

f
ASTM'’s for FRC: éﬁ ACl 544 (USA): @

¢ ASTM C1 11 6 — Standard Specification for > ACl544-1 R‘96(09) — Report of FRG
FRG

’ » ACl 544-2R-89(09) - Measurement of
> ASTM C8 20 - standard Specification for Properties of FRG
Steel Fibers for FRC; > AC R-08
544-3R-00 - Guide for Specifying,
»ASTM (1 399 -standard Test Method for Proportioning, and Production of FRG

Obtaining ARS;

> ASTM C155 O - standard Test Method for > ACl544-4 R'88(09) - Design Considerations for

Flexu;al Toughness (Using Centrally Loaded Round Steel FRG
Panel);

> ASTM C160 Q) Standard Test Method for » ACI 544-5R-10 - Report on the Physical Properties

and Durability of FRG
Flexural Performance of FRC (Using Beam with Third- y of ’
Point Loading.

» ACl 544-6R-15 — Report on the Design and

Loads on beam Loads on beam Construction of Steel FRC Elevated Slabs.

[ ] ] -

Fiber reinforced concrete beam
Typically 6x6x18" beam

Fiber reinforced concrete beam
Typically 4x4x12" beam

ifying.
Guide tor Spec
roportioning. and Przdn::: :l\';
of Flbar—nelniormd 0!

Steel plate under beam

Supports under beam Supports under beam apotadoy A om0

ASTM C1609 ASTM C1399 '
2016 | h
@i e esign Training

- gm




FRC Design & Testing Guidelines

4l

ASTM'’s for FRC: e o

¢ ASTM C1 3 9 9 - ARS calculation

example...

Loads on beam

| |

Fiber reinforced concrete beam
Typically 4x4x12" beam

Steel plate under beam

Supports under beam

ASTM C1399

¢ ASTM C1 609 — Toughness calculation

example...

Loads on beam

| |

Fiber reinforced concrete beam
Typically 6x6x18" beam

Supports under beam

ASTM C1609

ACl 544 (USA): @

» ACl 544-4R-88(09) - Design Considerations for
Steel FRC:

» Typical Design for Flexure...

» Typical Design for Shear

AR
(Reapproved 2003}

i i ete
Design Considerations for Steel Fiber Reinforced Concr

Reported by ACI Commities 544

?esign Training
- Expo



FRC Design: Design and Testing

Fiber Manufacturer Research: : ,
* Helix — aa 318 (Shear & Tension

° : _ reinforcing), ACI 360R-10 (Flexural Load
Dramix (Bekaert) Example ASTM Capacity) & IBC/IRC with a Evaluation
1609 results for Equivalent Flexural Strength (EFS) Report from an accredited provider.

for Slabs- on-Ground (not fib-MC2010 compliant):

1APMO
__ |EVALUATION REPORT
- ® - -
Dramix™ Steel Fiber Identity Chart Performance |
Classes Report Number: 0279 -
a5 Issued: 05/2013
I I [ Revised: 02/14/2014
80 —— RC80/60BN Valid Through: 05/2014
75 (— —=— RCG5/60BN .,/ s % 2.2 Helix 5-25 Micro-Rebar may be used as
—e - RL45/50BN / - o tension and shear reinforcement in other
70 / - - - ‘5 structural concrete as detailed in this report,
=== = Z1.60/1.05 e Py LT o which satisfies the requirements of ACI 318
. . / |7 Lt 2 Section 1.4 and Section 104.11 of the IBC
85 — —— Wiremix 50 7 - e and |IRC.
X w0 P i
[ T i =
O s o ///" 4 g
= 47% Po% ! 3
@S 50 .z - oo | e o
w = = o A B
7 I N O = | | E
P I - =1 =
W - | PR - m'w i 2 §
w ¥ I L - ] - |3 RL45/50BN | RCG65/60BN
35 l — o 21z i i
//-‘" ""“l 8 o Tensile Strength 161 ksi 168
30 I /7/‘,/“’ 1 5: Anchorage Hooked Hooked
25 + i ‘,;.- Aspect Ratio 67
20 LA L/ y — EFS @ 34 poy

25 30 35 40 45 50 55 60 65 70 75 80 85
Dramix® Steel Fiber Dosage (pcy)

Source: Bekaert Presentation “Steel Fiber Reinforced Concrete Design & Construction” (2014)

?esign Training
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FRC Design: Design and Testing

3 le Manuf igns: s 0
xample Manufacturer Designs: T RS TER
FIOARLS y
° —-Z)\/ {-\-—!/ r‘/
* Helix - ER-0279.... h ARG OAR,
L~ I\\/I'\\/ h-c
. . e =
Table 1: Helix micro rebar replacement - Imperial _2:{_:!:/:-\ f}_{lf:{ | \ L
i i i i —— "--..\ L= I\ l 7|
Fy =60 ksi Nominal number of Helix Micro Rebar required ——
MNominal area Tension face Strain Equivalent rectangular
piniiael 3000 psi 4000 psi 5000 psi e
tension Figure 2 — Helix Force Equilibrium and Strain Compatibility Diagram
As {in?/ft) Class ABB | ClassC&Cs | Class ABEB | ClassC&Cs | Class ARB | ClassCRTS i
0.028 B ~— E— ——— 5o = = — —
0.040 Table 2: Helix micro rebar dosage rate - Imperial
0.050 Nummber of Helix dosage rate, H, {Ib/yd’)
0.060 Helix per unit
0.080 ) 3000 psi 4000 psi 5000 psi
area in .
0.090 tension |1 Table 3: Helix micro rebar tensile force - Imperial
0.100 c
0.110 {Helix/in’) T — Provided Helix unit tensile stress, ¢F,, (psi)
0.120 =t e 3000 psi 4000 psi 5000 psi
0.160 341 tension
0.170 1.50 (it finzj Class A | Class B | ClassC |Class C, | Class A | Class B | Class C | Class C; | Class A | Class B | Class C | Class C,
1.53
gégg T 118 462 | 628 | 238 | 192 | 503 | 684 | 289 | 234 | 545 | 747 | 340 | 276
ﬂ' : 3.00 1.25 49.4 671 25.8 20.8 53.5 2.7 30.8 25.0 &1.7 79.0 359 29.2
. 3.5 1.43 57.6 782 30.8 4.9 61.7 B3.B 35.8 9.1 65.9 90.3 40.9 333
2.50 1.50 60.8 82.2 326 6.5 &4.9 878 307 30.7 69.1 94,7 427 34.9
95 153 621 | 839 | 334 [ 272 | 663 | 895 | 385 | 314 | 705 | 965 | 435 [ 356
300 1.75 722 962 39.2 32.2 76.4 101.8 44.2 36.4 80.5 108.8 49.2 40.6
375 2.00 336 110.0 a5.7 33.0 al.8 115.4 50.7 42.1 91.9 1226 55.7 46.3
q 3.50 225 95.0 1:3.4 52.1 437 949.2 128.9 57.0 47.8 1033 | 1360 82.0 520
BT - 106.4 | 136 584 | 494 | 1106 | 1420 | 633 | 535 [ 1147 | 1490 | 682 | 577
e d 7.5 . W ¥ NT G e




FRC Design: Design and Testing

Structures Manual - Volume 1,
Structures Design Guidelines (SDG) design and

approval criteria summary

SDG 3.17.11 Fiber Reinforced Concrete Design:
* Design per fib Model Code 2010

* Allow Evaluation Service Reports for
alternate design method from recognized
Providers (IAPMO Uniform ES and ICC-ES)

20t6_|——
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http://www.dot.state.fl.us/structures/StructuresManual/CurrentRelease/StructuresManual.shtm

5 FRC Design: Design and Testing
tructures Design Guidelines (SDG)

3.17. i
7.11 Structural Fiber Reinforcement (Rev. 01/16)

A. Design structu ilizi
res utilizing structural -
56 and 7.7 of the fib M ural fiber reinforcement in acco i
. rd .
Code 2010 design mett?{?: Lﬁgt;iﬂ;ﬁ {QEB-HF’}. As an alternag:: Tou:;:z g: ﬂgg S|
can utilize fiber rei criteria, certain min °
from prnvidersrgigf:gﬁeg concrete design methods based %rnpg‘:st §tructure types
ited to ISO/IEC Guide 65 (including ICC-ES :iﬂﬂggeports (ER)
- MO ES).

fib

JAPMO UNIFORM ES f,b MOdB‘ COde
2 for Concrete Structures

2010

Sz

LUMBING
ALUATION SERVICES

INTERNATIONAL ASSOCIATION OF P
AND MECHANICAL OFFICIALS, UNIFORM EV/

EVALUATION CRITERIA FOR
TWISTED STEEL MICRO-REBAR (TSMR) IN CONCRETE

EC015-2013
(Adopted - December 2013)

1.0 INTRODUCTION
ments for Twisted Steel

11 Purpose: The purpose of this evaluation criteria is t© establish require!
Micro Rebar (T SMR) in an independently reviewed evaluation report under the 2012 and 2009
International Building Code® (IBC) and the 2012 and International Residential Code® (IRC).
Bases of recognition are |BC Section 104.11 and IRC Section R104.11

esign Training
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FRC Design: Design and Testing
Structures Design Guidelines (SDG)

The residual strength of fiber—reinforced concrete test beams will be determined in
accordance with ASTM C 1399 (Standard Test Method for Obtaining Average
Residual-Strength of Fiber-Reinforced Concrete).The walls and bottom slabs of the
following structure types can be designed using an equivalent strength basis when
Evaluation Reports are provided to the EOR:

1. Type P Structures Bottoms (Design Standards Index 200);

2. Manhole Risers, Grade Rings and Conical Tops equal or less than 4'-6" diameter
(Design Standards Index 201 Type 8)

3. Drainage Inlet Bottoms with inside wall lengths equal or less than 4'-6" (Design
Standards Indexes 212, 213, 217-Types 1 & 2, and 218 - 221);

4. Ditch Bottom Inlets Types A, B, C, D, E, F & J (Design Standards Index 230, 231,
232, 233 & 234);

5. U-Type Concrete Endwalls (Design Standards Index 261);
6. Flared End Sections (Design Standards Index 270).

2016 | —
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FRC Design: Design and Testing
Structures Design Guidelines (SDG)

B. Plain carbon steel fibers are allowed in slightly and moderately aggressive
environments. Galvanized, stainless steel, or carbon FRP fibers are permitted in all
environmental classifications. Other non-corrosive fiber materials such as basalt may
be considered when approved by the State Materials Office. Polymer fibers are not
permitted as primary structural reinforcement for buried structures due to the
potential for

C. A Technical Special Provision (TSP), reviewed and approved by the State Materials
Office, will be required for the Contract Documents to establish and verify the
characteristic material properties such as the residual flexural tensile strength
corresponding to the load-crack mouth opening displacement (CMOD) of the fiber-
reinforced concrete mix design. For precast concrete elements, producers must
submit shop drawings for design approval to the State Drainage Engineer based on
an approved FRC Mix Design and include a technical specification to establish and
verify the characteristic material properties in lieu of a TSP. These documents and
any other necessary guidelines for production and quality control will be maintained

as an addendum to the producer's Quality Control Plan.
)esign Training‘ :

Erpo

D. These requirements are intended for wet-cast concrete only.




FRC Design: Design and Testing

Materials Manual

Chapter 6 - Manufactured Drainage Products (Volume II):
* Section 6.3.7.4.11

Mix Design Approval

Shop Drawing Approval

Certifications

Trial Batching

Field Demonstration

Post Fabrication Inspection

Production Requirements

Quality Control Plan Requirements

20t6_|——
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http://www.dot.state.fl.us/programmanagement/Implemented/URLinSpecs/Section63V2.shtm
http://www.dot.state.fl.us/programmanagement/Implemented/URLinSpecs/Section63V2.shtm

Frc Design: EXxample Applications

FRC for Precast Drainage Structures

* Minor drainage structures:
Type P Bottoms (Index 200)

Manhole Risers and Conical Tops (Index 201 -
Type 8)

Inlets & DBI’s with wall lengths < 4’-6”
Flared End Sections (Index 270)
U-Walls (Index 261)

Al
Type C 3'-1"
Type D 4'-1"
Type E 4'-8"

3-6" Or

4" Dia.

Erick Adjustment or (
(Min. 0"-Max. 12") —|

2" Dia. (1-Piece Cover
3 Dia. (2-Piece Cover

Taongue & Groove
Joint To Match Riser

PRECAST CONCENTRIC CONE

TYPE 8

60"

Unles
Show

s Qtherwise
n On Plans

2016 | —
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http://www.dot.state.fl.us/rddesign/DS/17/IDx/00200.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/00201.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/00270.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/00261.pdf

Frc Design: EXxample Applications

PSU Concrete Overlay

* Non-structural aPPhca.tlol? Dev346FRC [ s
* Developmental Specification Dev3

(REV 10.13 14)

ARTICLE 3461 is expandeq by the following:

Si g;e;;’fﬂu‘:“ﬁmwﬁm e——
* Uses ARS for acceptance (215 psi)

SUBARTICLE 346-2 1 is expangeg by the folloyving,
Polymesic Fiberges
Steel Fibers+++

A5 C 6 e
Basalt Fiberssean

ASTM Q1 N6 Type |

- - ASTMGU NS Ty 1y
** Use a symersistic blond of SRS monofilaments wig
feoidal deformations apq oeuama.ﬁhum:fsmypmwm Sbers. Package the bleng of
f o degradable bags with a volyme s bag per cuble yard
fuce an Average Residugt SeTEARS) of o sy i 315 i oy 2165t set of 5 gy
, PGL Cprdance with ASTM C 1309 Teg oy % Deteituining Average Reggy Streagih of
C struction & Rei Concrete.
) @ on tets made witilow.cirbon stee g gy A Mt ultinate
Je strength of 12, 900 Mec the foloyute ey feagth equal to 2 inches, phug o
r.(_ b, avy wxaiualncDD}Sinchw:thm!speduﬁaufW,pmsm
Bogmaterial i 2 coutimsly oo Cireular Segment, clean and fyep ng
" N [ and deteterions materiar, g e pted flllength for tncroped ey anchorage,
431 }r_é‘;/ ceuARScfnnlesslhmﬂjpsxﬁ'uma'estsnnbeeamsmaccﬂrdmewxﬂ:
2 -\ lrc 1309,
20-0" ey, ing basalt fibers muade from 1000,
oo e

seinfirding ' pure basalt fiber. Progyee on
S than(215 B from 2 test set of five beams ‘2 acoardance with ASTM ¢ 1399,
fruiero fibers ate nof required
C.1.P. Overlay

[ 16% 20-0"

, " ,_3!1
ok 10" or 1 RN
: Ft/Ft

Slope: 0.02
-‘

—
n 1 N !

o meet the Provisions of ASTM ¢ 1399

UBARTICLE 346.3 4 4, €xpanded by the following.
Slope: 0.02 Ft/Ft .

Frhen potymer;
be

1
| > steel of basalt fber reinforced coneraty s requited. Size No. 89 cogrse
I/ fe may be nsed,

~ T 1n _%u
o | %" [ % |2 2
1/n /2 T ' 1
- u /2 ! 48" 30
3 s !
i 6 ~ 60" SPSU SPSU CPSU
30" | 48"
CPSU SPSU

0. 2
LE SECTION N
(SYMﬂfE‘?ﬁfﬁgi CROWNED BRIDGE SECTION)

' esign Training
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http://www.dot.state.fl.us/programmanagement/OtherFDOTLinks/Developmental/Files/Dev346FRC.pdf

(ASTM C1765)

established.

SECTION 449
PRECA!

449-1 Description.

Precast conerete drainage products hereinafter ca
limited to. round concrete pipe. elliptical concrete pipe. un
junetion boxes. three-sided precast

Ensure that all precast drainage prot
<with the requirements of the Contract Documents.

Obtain precast concrete Pipes. box culverts, and dr
currently on the Department’s list of Producers with Acee
Producers secking inclusion on the list shall

At the beginning of cach project. provi
company designated representative cer
accordanee with the requirements set forth in t

Control (QC) Plan. The Quality C ontrol

that the product was fabricated in ¢
that each shipment of precas
accompanied with a QC signed o
of the products

Aceept responsibility of either obtaining

trol Program. of await re-approval of the P

Con
The Engineer will not allow changes in
the plant’s loss of qualification. Accept respons
with the loss of the plant’s qualification.

449-2 Materials.

Ensure that the materials used for the constrw
certification statement from the source, showing tha
the Specifications with the following modifications:

Frc Design: EXxample Applications

Structural Steel Fibers in Precast Pipe

* FDOT will be addin
dding ASTM
C1765 to Specification Section
once design life curves are

ST CONCRETE DRAINAGE PRODUCTS

{led products. may el
derdrains. mapholes. &
concrete culverts. and precast cond
ducts are designed and ‘manufactured in accordance
tures from a plant that is
pted Quality C ontrol Programs.

meet the requiremen
de a notarized stateime

tifying that the plant will manu
fe Contract Docusments @

1t to the Engincer from a
facture the products in

1ct indicates certification
C Plan. the Contract. and

duets to the project site is
e deseription and the list

Managei's stamy ot each pr
onformance with the Com
this Section. Ensute t conerefe prof

t stamped delivery ticket providing th
with an approved Quality

products from & plant
uality Control Program is

Jant, when the plant’s Q

suspended by the Department.
Contract time or completion
ibility for all delay costs or o

ction of the precast drainage p
 they mest the applicable requr

Desi, .
@nation:
P n: C1765 _ 13

Stﬁndﬂfd SPEC'HCBHOH for
Steel Flbel Rm”lﬂloed ccl"ClEte CHWE”.. Sto“n Dlam and
s

Ths sy,
Oiginad i e U e
SOt 7o G o 124 desipnarien 45,
o o v,y 1 2
1 0 gy U 2O et e DSl
inee o e A ¥ Ellowing e
vy

1. Se
ape
L1 This " fropes
. SPECifiiug; et af by
pi et
u:f: ‘FS:RCP 3 Gfimgri"a]c;v ©F5 steel fiber ruing; oo A
storm Wutg:,,cf"wwr fameters 12 45 5, o concrte 9 Speciicaion oy
For the cope I8 i - Intendad 1o, | Monars Slag Comgy
o age. indus be  Clole ment for (s ;.
m"“?i"‘-’*m‘-m s sty Pt of CUJV::;:I wastes, ang ,L?s, PCI0ITM Speci " Ust in Clancret gy
. Las - N i £ in - iCatic
bedding amd"ik e th WDpcrn it he scoussy) E105 py Froducing Fion 0 Tor Chemical pggem:
construction !p(‘:}ﬁ'L e cae ﬁmmy pipz Ferformance of g actice for pmbi’”S Concrate Mixtures for
Coton specilica ! the & o is Sanre
ot it Thi 2o sraviiy (elltion eh, o type o 3 Terminglogy ¥ Sampliag of Mt
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Frc Design: EXxample Applications

Structural Synthetic Fibers in Precast Pipe
(AS TM C1 8 1 8 ) performance of Synthetic Fiber-Reinforced Concrete Pipes

. Time-Dependent Behavior of ?vntlait:;; ]
Abstract: This study presents the pr Fiber—“einforced Concrete P|pes

* FDOT will be adding new wbdein | ong-Term Sustained Loading
o e . :nllll‘:cl\l:.m;l:\:‘r:la::\\:l‘:u:;:;:ln::lllll‘:l’l:\: Yeonho Park, Ali Abolmaali, Emmanuel Attiogbe, and Swoo-Heon Lee
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2 . ed 4 coin tive experilne = 5
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0.96 in. 0.561n. || 0.76 in.

"E For personal use only; all rights reserved

L 156, | 0.80in. 0.80in. 0.8Tin. 092in.| « Precipitation of
MA @300 h @480h||@840 h| |@1250 h|@1950 h @2300 h @3000 h @3680 h more than 0.5 in.
. Iy
curves are established. e B T 0
_ - 1 | | | ipe with diameter of 36 in. |1
z NN Al 1 I los 3
< 358 ; o B e e ; . 2
4 5 1 1 I i i wm—ﬂ* 1 c
Il’c g 356 j Im”f\ i i i Precr;icked RCP 710 .%
g 35.
ultf = Vo ! T L""\"""'\/"m\"‘r\ . 1 ] =
o [ 1 | |’\L’A1\,\ 1 115 8
<5 354 1 i I i i T e 1 %
ol o o 1 | 1 1 \,WJJ T ] o
af O P ! ! ! ! Precracked SYNFRCP T20 2
a & 35.2 —t 1 ; ; i - je
45 P i ! : : | 125 ©
h 1 1 1 1 1 1 1 17
h 35.0 L L L IR I L o |
' 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

Time (h)

FIGURE 7 Time-dependent behavior of 36-in. (300-mm) pipes.
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Frc Design: Challenges

Expensive Qualification Testing process using EN14651 for
characterizing design properties;

Large test samples (flexural beams 6”x 6”’x 22”%);

ARS not reliable for design, but still relatively wide result scatter
with EN14651;

New design methods and inconsistent application;

Visual verification not effective, need controlled process and/or
plastic sample testing for fiber content verification and
distribution (see Materials Manual - 6.3.7.4.11 Volume II)

Comparison: Testing Methods

[ | ] .

o
ASTM C1609 A ASTM C1609B| ASTM C139%9 | ASTM C1550 NBN B15-238 EFNARC panel [Double punch EN 14651
UF 206
_——-__—’

TEST METHOD mCV ®BWEIGHT .
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Frc Design: Challenges
TxDOT Research: FDOT Research:

» FHWA/TX-06/ 0-4819-1 » BDV31977-41 Macro Synthetic
Fiber Reinforcement in Prestressed Concrete Fiber Reinforcement for Improved
Beams (2005) Structural Performance of Concrete

Bridge Girders (2017);

Fiber Reinforcement in Prestressed
Concrete Beams

» BD545-09 Crack Controlin
Toppings For Precast Flat Slab Bridge

O 'UF HGiibh

Technical Report 048151 Deck Construction (2006);
i —— g . I
gy s » BD545-41 Durability of FRC in %%%[tggte
Prﬂ.e“ . .
| Florida Environments (2009); g e witha oo T
By - s
search Assistan . " ~
e s » BDK80 977-27 Use of FRC for
wt , | e Concrete Pavement Slab INTL T NAL
et Replacement (2014); | UNIVERSITY

» BC386 Application of FRCin the

End Zones of Precast Prestressed
Bridge Girders (2002).
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http://d2dtl5nnlpfr0r.cloudfront.net/tti.tamu.edu/documents/0-4819-1.pdf
https://rip.trb.org/view/2015/P/1351907
http://www.dot.state.fl.us/research-center/Completed_Proj/Summary_STR/FDOT_BD545_09_rpt.pdf
http://www.dot.state.fl.us/research-center/Completed_Proj/Summary_STR/FDOT_BD545_41_rpt.pdf
http://www.dot.state.fl.us/research-center/Completed_Proj/Summary_SMO/FDOT-BDK80-977-27-rpt.pdf
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HSR & FRC Design: Questions?

Contact Information:

<SAKRETE>
o W Steven Nolan
State Structures Design Office
R E L AX » SteSi%n Tdecgnology — Structures
IT°S ONLY HARD g

WHEN IT DRIES.
————— Ph. 850-414-4272
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