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Buildability of Cement-Based Mixtures

Time of : : Time of
Fresh State Initial Setting Huid-to-Solid Final Setting

v' Storage Modulus (G’) is widely used to
characterize the structural build-up of
cementitious materials

v" Rheological experiments: Oscillation-time
sweep tests were employed to analyze the
evolution of storage modulus.

Hardened-State

Green Strength and Modulus

v’ Green Strength: Compressive strength of concrete at the time of final setting

v Green Modulus of Elasticity is the slope of the linear portion of the compressive strength at
early age which is an indication of material’s stiffness.

v’ For additive manufacturing applications, high green strength and modulus are highly desired.

Concrete with
insufficient buildability

Concrete with
sufficient buildability

*Y.Chen et al., Cement and Concrete Research 149 (2021) 106553



Polyethylene (PE) Fiber Reinforced Concrete for Additive Manufacturing YT
High Buldabily Advances and Challenges
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Objective:

To Improve the dispersion of the PE fibers within the cementitious mixture
and enhance the flowability, storage modulus and overall buildability

Shear Mixing time

Optimum time

Optimize the mixing procedure
Shear Mixing Speed

Optimum speed




Materials and Mixing protocol

CP: w/c=0.3

Cement

OPC Type-I

Water
i 2 Vortex mixer Hybrid Rheometer
FlackTek
. speed mixer
PE Fibers*: 1viv%
*Y.Qian et al., Cement and Concrete
Composites 149 (2024) 105494 Y Pre-shear
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PE fibers well dispersed in cement Oscillation Test

*M. Konsta-Gdoutos, P. Danoglidis, M. Margas, R. Singh: — Unpublished data



Effect of shear mixing time on the Storage modulus —

CP: w/c=0.3
Shear rate: 800rpm
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Effect of shear mixing time on the Storage modulus
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Effect of shear mixing speed on Storage Modulus

CP: w/c=0.3
Shear mixing time: 60 sec
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v" Shear mixing speed from 0 to 1800rpm

v" Optimum shear mixing speed at 800rpm
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SEM images of PE fibers at different mixing tim—

CP reinforced with shear mixed PE fibers CP reinforced with shear mixed PE fibers
60sec

SEM images of PE fibers at different mixing times



Effect of Few-layer/Exfoliated GNPs on the Storage Modulus of PE-Ceme_

w/c=0.30 @ 800rpm, 60sec
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Effect of Few-layer/Exfoliated GNPs on the Storage Modulus of PE-Ceme_

w/c=0.30 @ 800rpm, 60sec

1.0E+16
CP: w/c=0.3
Shear rate: 800rpm 13
- . - . *
1 0E+14 | Shear mixing time: 60 sec 5.8*10

GNP:0.08wt%

2.8*10%2

Pa

1.0E+12

1.0E+10

viscous viscoelastic

Storage Modulus

1.0E+8
AFM topographical image of exfoliated GNPs

3 graphene
[EVES

1.0E+6

1.0E+4

Y. Zhang et al., Cement and Concrete Research 79 (2016) 291-300 EXfOliated Tri—|ayered GNPS



Effect of
w/c=0.30 @ 800rpm, 60sec
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Effect of and Bulk GNPs on the Storage Modulus of PE-Cement_

w/c=0.30 @ 800rpm, 60sec
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Compressive Stress-Strain Curves of PE-Mortars reinforced with GNPs

@ 3 hr
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*N. Xu and Y. Qian, Cement and Concrete
Composites 139 (2023) 105066
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Green Strength and Modulus of Mortars reinforced with PE and PE+GNPs
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