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Effect of age on the overall post-cracking toughness parameter
Ns for WPMCBC

Effect of the age on the post-cracking flexural toughness
parameters (V=1.2%)

Effect of the age on the post-cracking flexural toughness
parameters (Vi=2%)

Load-deflection curves for WPMCBC samples tested at different
ages (Vi=2%)

SEM micrographs for the fracture surface of the WPMCBC
tested in flexure at 7 days showing the fiber surface and the fiber
pull out

Different mode of wood pulp microfibers failure for samples
tested at 12 weeks age

SEM micrographs for the fracture surface of the WPMCBC
tested in flexure at 12 weeks showing the mineralization inside
the fiber lumen and on the fiber surface

SEM micrographs for the fracture surface of the WPMCBC
tested in flexure at 28 days showing the different fiber failure
mode and the fiber surface

Development of cement composite reinforced with WPM impact
energy absorption [Campbell and Coutts, 1980]

Effect of wet and dry testing condition on the flexural strength of
WPMCBC- V<=1.2%

Effect of wet and dry testing condition on the flexural strength of
WPMCBC- Vi=2%

Effect of wet and dry testing condition on the flexural toughness
parameter Ng of WPMCBC- V=1.2%

Effect of wet and dry testing condition on the flexural toughness
parameter Ng of WPMCBC- V=2%

Effect of wet and dry testing condition on the flexural toughness
parameter Ng of WPMCBC- 7 days- Vi=1.2%
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Figure (8-59)
Figure (8-60)
Figure (8-61)
Figure (8-62)
Figure (8-63)
Figure (8-64)

Figure (8-65)

Figure (9-1)
Figure (9-2)
Figure (9-3)
Figure (9-4)
Figure (9-5)
Figure (9-6)
Figure (9-7)
Figure (9-8)
Figure (9-9)
Figure (9-10)
Figure (9-11)

Figure (9-12)
Figure (9-13)

Figure (9-14)

Effect of wet and dry testing condition on the flexural toughness
parameter Ng of WPMCBC - 7 days - Vi=2%

Effect of wet and dry testing condition on the flexural toughness
parameter Ng of WPMCBC- 28 days- Vi=1.2%

Effect of wet and dry testing condition on the flexural toughness
parameter Ng of WPMCBC - 28 days - Vi=2%

Flexural load-deflection curves for V¢= 1.2% at 28 Days for
oven dry, wet & air dry testing conditions

Flexural load-deflection curves for V¢=2 % at 28 Days for oven
dry, wet & air dry samples

SEM micrographs for the fracture surface of the WPMCBC
tested oven dried in flexure at 7 days showing fiber failure mode
SEM micrographs for the fracture surface of the WPMCBC
tested oven dried in flexure at 7 days showing fiber failure mode
and the separation between S1 and S2 layers

Effect of WPM volume fraction on the unit weight of the WPM
cement-based mortar

Unit weight of unreinforced mortar and WPM mortar with
treated (T) and untreated (UB-UT) WPM (V{=0.25%)

Unit weight of unreinforced mortar and WPM mortar with
treated (T) and untreated (UB-UT) WPM (V{=0.5%)

Unit weight of unreinforced mortar and WPM mortar with
treated (T) and untreated (UB-UT) WPM (V{=1%)

Sample of the mortar prism samples used in measuring the free
shrinkage (length change)

Effect of WPM volume fraction on the free shrinkage of mortar
bars (T = treated)

Free shrinkage strain of unreinforced mortar and SWPM mortar
with treated (T) and untreated (UB-UT) SWPM (V{=0.25%)

Free shrinkage strain of unreinforced mortar and SWPM mortar
with treated (T) and untreated (UB-UT) SWPM (V{=0.5%)

Free shrinkage strain of unreinforced mortar and SWPM mortar
with treated (T) and untreated (UB-UT) SWPM (V{=1%)

Free shrinkage strain of unreinforced mortar and HWPM mortar
with treated (T) and untreated (UT) HWPM (V{=0.25%)

Effect of fiber type (Softwood vs. Hardwood) or fiber length on
the free shrinkage.

Shrinkage cracking in unreinforced ring samples

Ring samples reinforced with 0.5% treated and untreated
softwood and hardwood fibers showing no signs of cracks
Shrinkage cracking measurements of unreinforced sample as an
average of three reading at different places on the crack
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SUMMARY

As an alternative to more expensive steel, glass, and synthetic polymer fibers, wood
fibers are well-suited for reinforcing cement-based products due to their high strength-to-
cost ratio, availability, renewability and recyclability, and non-hazardous nature. The goals
of this study were: (1) to improve fiber distribution, (2) to assess how different wood pulp
microfibers influence the behavior of cement-based composites, and (3) to develop a
practical method for characterizing the toughness of cement-based composites measured in
flexure. Toward the first objective, a method involving mechanically and chemically
tailoring the fiber surface was developed to improve pulp fiber dispersion in cement-based
matrices. By overcoming common problems with fiber clumping, the development of this
low-cost method for improving dispersion should broaden the use of pulp fibers in cement-
based composites. Assessment of the effect of pulp fiber reinforcement made through
measurements of compressive strength, toughness in compression, stiffness, flexural
strength and toughness, and free and restrained shrinkage showed that the use of wood
fibers in cement-based composites significantly improved the toughness in both flexure
and compression without having a great detrimental effect on the strength or shrinkage.
Also, reinforcement with longer softwood fibers, as compared to shorter hardwood fibers,
was found to produce larger increases in toughness. Finally, a new simple and practical
method that uses a new set of parameters to characterize toughness in flexure has been

proposed.
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