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Why FR-SCC? — Research Significance

e Fiber-reinforced self-consolidating concrete (FR-SCC) is designed to
simultaneously address two inherent issues with concrete:

— shrinkage and consolidation.

e Shrinkage: higher cementitious content of SCC results in higher
shrinkage which is prone to cracking

e Consolidation: conventional concrete requires a consolidating method
that is labor intensive work as well as increases the project cost

e SCC eliminates the consolidation and fiber reinforcement reduces the
shrinkage.

e Need to understand the shrinkage behavior of FR-SCC under restrained
conditions in bridge decks.
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Experimental Program

e Mix Design & Fiber

— Control Mix (PPEO)
e Total Cementitious =675 Ib/cy (400 kg/m3)
e Type | Cement 65% & Grade 120 Slag 35%
e w/cratio=0.425
e 3/8” gravel : sand = 1-to-1
e HRWR = as needed for 22-in (560 mm) slump flow

Micro Polypropylene Fiber

— FR-SCC Mixes * Length=1/4in. (6.35 mm)
e PPE1 = Control + fiber 0.10% vol. * Denier=15
e Specific Gravity =0.91
e PPE2 = Control + fiber 0.15% vol. . Aspect ratio = 13
e PPE3 = Control + fiber 0.20% vol. * Complying with ASTM C 1116

and D 7508 (Type Ill)
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Experimental Program

e Mixing and Fresh Property

. Cyllnders = compressive strength,
Slump Flow, 24 (610) 23 (585) 22.5 (570)
. tensile strength, modulus of
in (mm)
elasticity
J-Ring [+/- Slump],  22.5[-1.5] 21 [-2.0] 171[-5.5]  « Pprism = free shrinkage
in (mm) (570 [40]) (535 [50]) (430 [140]) . Ring = restrained shrinkage

L-Box (h1/h2) 1.2 1.5 20 25
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Restrained Shrinkage Test

e Comparative test for shrinkage induced cracking

e Two standards for restrained shrinkage ring test
— AASHTO T 334 vs. ASTM C 1581

Wet-burlap &
plastic sheet

Environmental Chamber
74°F and 50% R.H

Preparing and Setup
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Crack Monitoring of the Rings e igl

e Data Acquisition (DAQ) System Monitoring By
e (FSG) & Vibrating Wire Strain Gage (VWSG) Stee,ng.
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Results: Mechanical Properties at 28 days
1.4
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c 04
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o
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o Compressive Splitting Tensile Modulus of Crackmg Strain,
Strength, psi Strength, psi Elasticity, ksi
Compressive Strength 5,632 psi 5,364 psi -4.8% 5,130 psi -8.9%
(38.8 MPa) (37.0 MPa) (35.4 MPa)
Tensile Strength 361 psi 385 psi 6.6% 410 psi 13.6%
(2.49 MPa) (2.65 MPa) (2.83 MPa)
Elastic Modulus 4,295 ksi 4,165 ksi -3.0% 3,981 ksi -7.3%
(29.6 GPa) (28.7 GPa) (27.4 GPa)
Cracking Strain 84 g 92 e 9.5% 95pe  134%  103pe 22.5% 8



RUTGERS {@ci® cONCRETE March 24-28, 2024
& Beus R CONVENTION New Orleans, LA, USA

Results: Free Shrinkage Strain

Days after Casting
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Results: Restrained Shrinkage (PPEO
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Crack Legend
Length (mm)
Width (mm)
Initial Crack Age (days)

Results: Crack Map (PPEO)
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L4 4 O | | !
Results: Restrained Shrinkage (PPE1 Ring 1
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Results: Crack Map (PPE1) Crack Legend
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. Crack Legend
Results: Crack Map (PPE2) . Length (mm)
Width (mm)
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Results: Restrained Shrinkage (PPE3

300 ! ! !

200

100 bttty _____ _ﬁ_e_,(%.{“ﬂ* .............. i

Strain (ue)
o

—©—FSG1 —<—FSG3
—+=-FSG 2 —X—FSG4

-200 —=—\V/WSG1 —<%—VWSG14 _ :
—+—VWSG5|

——VWSG3 —-&—VWSG6| i
-300 :

0 7 14 21 28 50 L.\ . ... Crackedatizdays 1
Age (Days) ’:.;:‘:
Days of First Crack Ring 1 Ring 2 =
Foil Strain Gauge 22d 17d 2100 Lo X R AR PSR TS

VW Strain Gauge 22d N/A

Microscope 22d 18d —©~FSG 1 —o—FSG 3 |
—5-FSG 2 —%—FSG 4 :
-150 I

0 7 21 28 16

14
Age (Days)



RUTGERS

Infrastructure Monitoring
& Evaluation (RME) Group

Results: Crack Map (PPE3)

e Ring 1 - Sensor Location for Cracking
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Crack Legend
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Analysis: Cracking Performance Comparison
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Stress Calculations — Max Stress

e Determine stress at the concrete centerline
using FSG and VWSG measurements

Umax
X
e Compare calculated stress vs tensile .
splitting strength + -
r'y

(Hossain & Weiss 2004)
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(Roc+Ros)?
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Validation Predicted Stress against
Splitting Tensile Strength

©— Stress based on FSG at Con'c Centerline
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Conclusions

1) Inclusion of PPE in concrete decreases compressive strength and modulus of elasticity but increases
tensile strength due to pull-out forces between cement and fibers.

2) The in-situ shrinkage performance of FR-SCC mixes can be assessed through restrained shrinkage
ring tests. Higher fiber content yields a minor impact on free shrinkage; however, its implication on
restrained shrinkage is significant, delaying initial cracking and reducing the cracking area by 34%.

3) VWSGs are more reliable than FSGs for predicting crack formation in FR-SCC, as they directly
measure concrete strain, and crack location can be monitored using digital microscopes, although
the presence of embedded bolts may affect accuracy.

4) The equation developed by Hossain and Weiss can accurately predict the actual concrete strain in
the radial direction of the FR-SCC ring.

21



Infrastructure Monitoring
& Evaluation (RME) Group

Acknowledgement

The authors would like to thank the RECAST Center, New Jersey Turnpike Authority
and New Jersey Department of Transportation for their support on this project. Their
financial support is gratefully acknowledged.

The authors also would like to acknowledge Euclid Chemical for providing the fibers,
Essroc and LaFarge for supplying the cementitious material, and Clayton Concrete for
providing the aggregates.

Other graduate students as well as undergraduate students’ help are also
acknowledged.

22



	Slide 1: Validation of Predicted Stress in  Polypropylene Fiber-Reinforced  Self-Consolidating Concrete (FR-SCC) under Restrained Shrinkage Conditions
	Slide 2: Outline
	Slide 3: Why FR-SCC? – Research Significance
	Slide 4: Experimental Program
	Slide 5: Experimental Program
	Slide 6: Restrained Shrinkage Test
	Slide 7: Crack Monitoring of the Rings
	Slide 8: Results: Mechanical Properties at 28 days
	Slide 9: Results: Free Shrinkage Strain
	Slide 10: Results: Restrained Shrinkage (PPE0)
	Slide 11: Results: Crack Map (PPE0)
	Slide 12: Results: Restrained Shrinkage (PPE1)
	Slide 13: Results: Crack Map (PPE1)
	Slide 14: Results: Restrained Shrinkage (PPE2)
	Slide 15: Results: Crack Map (PPE2)
	Slide 16: Results: Restrained Shrinkage (PPE3)
	Slide 17: Results: Crack Map (PPE3)
	Slide 18: Analysis: Cracking Performance Comparison
	Slide 19: Stress Calculations – Max Stress
	Slide 20: Validation Predicted Stress against  Splitting Tensile Strength
	Slide 21: Conclusions
	Slide 22: Acknowledgement

