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Benefits of High Performance Fiber Reinforced Concrete

N

&’ HOLCIM

1. Definition of HPFRC (from ACI Terminology)

High Performance Concrete

High-performance concrete (HPC) is concrete that
has been designed to be more durable and, if
necessary, stronger than conventional concrete.

Superior Microstructure & Matrix
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Discrete Reinforcing Fibers

Fiber-reinforced concrete (FRC) is concrete made
primarily of hydraulic cements, aggregates, and
discrete reinforcing fibers.
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Benefits of High Performance Fiber Reinforced Concrete uﬂ HOLCIM

2. Improved Structural Efficiency & Long-Term Serviceability

High Performance Concrete

High-performance concrete (HPC) is concrete that
has been designed to be more durable and, if
necessary, stronger than conventional concrete.

B

Reinforcing Steel Corrosion Atmosphere
________ i High Tide
———t—— Abrasion and Chemical Attack
-
g r Freeze-Thaw Damage,
e Temperature Gradients, Concrete in the
- — L Humidity Gradients Tidal Zone

Submerged
Concrete

|

Superior Resistance to Exposure Conditions

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE CONVENTION

g

Discrete Reinforcing Fibers

Fiber-reinforced concrete (FRC) is concrete made
primarily of hydraulic cements, aggregates, and
discrete reinforcing fibers.
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Benefits of High Performance Fiber Reinforced Concrete T

2. Improved Structural Efficiency & Long-Term Serviceability
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Benefits of High Performance Fiber Reinforced Concrete T

3. Superior Sustainability Benefits
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Benefits of High Performance Fiber Reinforced Concrete HOLCIM

3. Superior Sustainability Benefits

Superior Sustainable
Concrete Solutions

How to capture it via an Life Cycle Assessement (LCA)?

a. From Material to Whole Building/Structure LCA

Building/Structure Carbon = Material & Process . EPD Whole Life
Emissions [kgCO2¢] Inventory 23 Carbon Footprint = Carbon
Strucwr_al Efficiency Structural Concrete [m3] Concrete [kgCO2e/m3] =
Less Reinforcement |:> Design Fibers [kg] CO2¢
Reduced Sections Steel [ton] & Steel [kgCO2e/ton] Embodied
| ess Materials Memprane ImZ] A Memt_urane [kgCOZe/mZ2] Carbon
Joints [m] Joints [kgCO2e/m]
- i . etc etc El\]j
Durability & Serviceability Maintenance
- - . Energy Use [kWh/year] Energy Use [kgCOZ2e/kWh/year] | Operational
Longer Service Life C & Service . . - P
: Specification De-lcm_g [kg/m2/year] De-lcmg [kgCO2e/kg/m2/year] Carbon
Lower Maintenance P Repairs [m2/year] Repairs [kgCO2e/m2/year]
etc etc
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Benefits of High Performance Fiber Reinforced Concrete HOLCIM

3. Superior Sustainability Benefits Superior Sustainable

Concrete Solutions

How to capture it via an Life Cycle Assessement (LCA)?
b. Extend LCA Scope to Cradle to Grave (Al to C4)
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Benefits of High Performance Fiber Reinforced Concrete HOLCIM

3. Superior Sustainability Benefits

Superior Sustainable
Concrete Solutions

How to capture it via an Life Cycle Assessement (LCA)?
c. Increase the Reference Study Period (RSP)

. Cumulative C02 Emissions

[

I:> Extended Service Life

After 60 years embodied carbon accounts for ~40% of
1600 emissions (concrete is ~20%). At 12 years embodied
carbon is ~75%, and concrete ~40%, of total emissions.
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Best Practices for HPFRC

1. Constituants & Mix Design

Air

Ciment

N

&’ HOLCIM

Matrix Adjuvants Ajouts cimentaires Key Levers:
* - WI/B, SCMs and AEA for strength and durabiliy
Skeleton | N - Agg Gradation Optimization (ACI 544)
—| - Fiber Length (placement method)
- |/d & dosage (performance & balling)
- Fiber Tensile Strength & Shape (perf.& behaviour)
- Rheology (mix stability & placement method)
Fibers - Special admixture (placement, shrinkage, etc)
MIX Type | fc'(Mpa) wW/B SCMs Max Agg Size (mm) |Fiber Dosage % Vol| Slump (mm) Typical Applications
FRC 1 25-30 0.55 No 20-40 0.2-0.5 120 - 200 Slab on Ground/Steel Deck
FRC 2 35-45 0.40-0.50 | if needed 20 0.2-0.5 120- 200 Shotcrete, Slab on Ground, Fondation Walls, Precast
HPFRC 50- 80 0.28-0.38 Yes 14 0.5-1 170 - 240 Precast Elements
UHPC 120 + below 0.25 Yes 2 1.5-4 200 - 250* Joint Filling, Repairs, Overlays

*mini slump flow
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Best Practices for HPFRC uﬂ HOLCIM

2. Production & QC/QA

QC/QA on Process
& Product

a

Goal (for mass production):
1. Ensure conformance
2. Minimize coefficient of variation

Key Drivers:

Raw Materials (variability)
Batching Process (proportions & dispersion)
Product at Plant (fresh & hardened prop.)
Drivers Coaching (mix stability)

Product on Site (fresh & hardened prop.)
Placement Method (fresh & hardened prop.)
Curing (degree of hydration, performance &
durability)

UHPFRC
(UHPC)

NoohkwbdE

FRC QC/QA on
Raw Materials

a
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Performance Review of HPFRC uﬂ HOLCIM

Example #1: HPFRC for Repairs

Max Agg Size| Fiber Dosage Slump Flow

MIX Type fc' (Mpa) wW/B SCMs Air (%) Special Admixtures

(mm) %Vol (kg/m3) (mm)
HPFRC 50 @ 56d 0.38 GGBS 6-9. 10 0.2% (1.8 kg/m3)| 650 +-50 SRA & SCA
N Performance:
< » EXEIC')ShUIrEe Condltlonér.“ q - Mean fc’ = 63 Mpa @ 56d
- Flg : XpOS-LI{Le tO oriaes - CcV (%) = 9.6 %
- Freezing & Thawing - AVS (L-Bar): 146 microns

- Highly Restrained Skrinkage - RCPT: 873 Coulombs @ 91d

- Drying Shrinkage: 0.029% @ 28d

Special Considerations:

- High Stress Conditions Field Conditions:

- High Compatibility Required - Maturity for early stripping & curing
- Wet curing for 14 days

Key Success Drivers: - No cracking observed

- Design of low cracking potential mix

HPC Column Repairs - Heavy QC/QA of Production & Sites Curing
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Performance Review of HPFRC uﬂ HOLCIM

Example #2: HPFRC for Precast

MIX Type | fc'(Mpa) | W/B SCMs | Air (%) V2% AggSize| Fiber Dosage %Vol -\ o
(mm) (kg/m3)
HPFRC | 70@56d | 032 | GGBS+SF | 5-8. 14 0.7% (40kg/m3 Steel| 14
+ 1.8 kg/m3 PP)
Exposure Conditions: Performan,ce:
- High Exposure to Chlorides - Mean fc’ = 86 Mpa @ 56d
- Freezing & Thawing - CV(%)=92%
- Highly Restrained Skrinkage - CMOD 3.5 =12.5 Mpa @ 28d
- AVS (L-Bar): 216 microns
Special Considerations: - RCPT: 250 Coulombs @ 56d
- High Early Strain Gain - Drying Shrinkage: 0.034% @ 28d
- Long Delivery Time (above 2h) : —
_ Pumping & Placing Field Conditions:

- Maturity for early stripping & curing
- Wet curing for 7 days

Key Success Drivers:
HPERC Precast - Agg Gradation Optimization using ACI 544
Elements - Heavy QC/QA of Raw Material, Production & Sites
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Conclusions & Perspectives j,ﬂ HOLCIM

1. HPFRC provides superior structural and sustainability benefits

» Improve structural efficiency and durability due to superior cracking resistance in service
« Reduce the overall carbon footprint of the concrete element by reducing the amount of reinforcement
» Superior cost efficiency due to reduced amount of reinforcement and speed of execution

2. High Quality HPFRC is possible with tight QC/QA Protocol & Expertise

« Selecting and controlling the raw materials used and the batching process are critical
» Like for HPC, cementitious dispersion and curing are particularly important to ensure performance
« Strong QC/QA presence at the plant and on site is required to minimize variability

3. Further Work is Required to Expend the use of HPFRC in Standards & Codes

« To expend the use of HPFRC in further structural applications, new educational material
« Getting the sustainability benefits of FRC, HPFRC and UHPC recognized further remains critical
* Further work on circularity / recycling of FRC, HPFRC and UHPC are required
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THANK YOU

Questions ?

nicolas.ginouse@lafarge.com
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