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Investigating mechanical properties of 3D-printed Engineered 

Cementitious Composites with ultra-high tensile strain capacity
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Research question: The possibility of achieving structurally sound 

rebar-free concrete structures by using 3D-printing techniques. 
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Phase I- Adjusting the mix design of ECC 

to achieve printable mix. 

The quality of 

3D-printed ECC 

was not 

acceptable

Large content of 

fiber reduces the 

dimension 

stability of 3D-

printed 

component

Question:

How to improve 

the printing 

quality of ECC?

The quality of 

3D-printed ECC 

was not 

acceptable

Viscosity Modifying Admixture (VMA) Printable ECC mix
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Phase I: Extensive experimental study to characterize the fresh properties 

of ECC mixes including extrudability, buildability and rheology tests

Buildable Extrudable

Buildability Tests Extrudability Tests 
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Phase II: Extensive experimental study to characterize the 

mechanical properties of ECC mixes including 

compressive strength, direct tension, and bending tests 
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The mechanical properties of ECC were studied as a function of SCMs 

(50% cement replacement), type and content of 8mm fibers
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• Overall, the compressive strength of 3D printed cubes was lower compared to the cast

ones.

• Increasing the PVA fiber quantity from 1.5% to 2% improves the compressive strength

of ECC in all cases except FA50, which was reduced 10%.
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• Notably, all the specimens exhibited pseudo-strain hardening behavior and multiple cracking.

• In case of 2% PE, Substituting 10% of MK with FA in FA50 resulted in almost similar ultimate

tensile strength
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• The stress-strain results of different ECC mixes indicate the higher ductility of S50 compared to

other mixes.

• Substituting FA with SF led to lower tensile strength.
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• Substituting 10% of MK with FA in FA50 resulted in a nearly similar moment capacity.
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• S50 had better performance in terms of moment capacity in different fiber contents among the

four primary mix designs.

• Replacing FA with SF led to lower moment capacity (e.g., for 2%PE fiber ECC, FA50 has a 75%

higher moment capacity compared to FA40-MK10).



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Introduction
• Title of study

• Statement of the Problem

• Objectives

Methodology
• Solid Materials

• Mix Design of ECC Mixtures

• Test Methods 

Results 
• Compressive strength test result

• Direct Tensile test 

• Flexural strength test

• Conclusion

18



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Introduction
• Title of study

• Statement of the Problem

• Objectives

Methodology
• Solid Materials

• Mix Design of ECC Mixtures

• Test Methods 

Results 
• Compressive strength test result

• Direct Tensile test 

• Flexural strength test

• Conclusion

19



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Introduction
• Title of study

• Statement of the Problem

• Objectives

Methodology
• Solid Materials

• Mix Design of ECC Mixtures

• Test Methods 

Results 
• Compressive strength test result

• Direct Tensile test 

• Flexural strength test

• Conclusion

20



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Introduction
• Title of study

• Statement of the Problem

• Objectives

Methodology
• Solid Materials

• Mix Design of ECC Mixtures

• Test Methods 

Results 
• Compressive strength test result

• Direct Tensile test 

• Flexural strength test

• Conclusion

21

S50-2%PE

S50-2%PVA
40 mm
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PVA fibers PE fibers
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1. The considerable gap between the deflection of PE and PVA samples

can be attributed to the physical difference in utilized fibers and

interfacial frictional force acting on the fibers.

2. All specimens containing PE fibers exhibited a high ductility and can

be regarded as ultra-high ductile ECC with strain capacity over 10%.

3. Regarding the fiber length, ECCs with 8mm PVA fibers could not

achieve the desired strain capacity, whereas ECCs with 8mm PE fibers

could surpass anticipations and achieve a strain capacity of over 10%.

4. In this paper, some of the mixes, such as the S50-2%PE,

demonstrated superior performance with 15.8% strain capacity and

S50-2%PVA with 82.47 MPa compressive strength. According to this

paper, it is possible to design an improved ECC with ultra-high ductile

characteristics with locally available materials.

Introduction
• Title of study

• Statement of the Problem

• Objectives

Methodology
• Solid Materials

• Mix Design of ECC Mixtures

• Test Methods 

Results 
• Compressive strength test result

• Direct Tensile test 

• Flexural strength test

• Conclusion

24



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

THANK YOU

Introduction
• Title of study

• Statement of the Problem

• Objectives

Methodology
• Solid Materials

• Mix Design of ECC Mixtures

• Test Methods 

Results 
• Compressive strength test result

• Direct Tensile test 

• Flexural strength test

• Conclusion

25



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Victor Li (2020)

Introduction
• Title of study

• Statement of the Problem

• Objectives

Methodology
• Solid Materials

• Mix Design of ECC Mixtures

• Test Methods 

Results 
• Compressive strength test 

result

• Direct Tensile test 

• Flexural strength test

• Conclusion

26


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

