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Assignment #3 Due: Tuesdayv 3/04/08

Problem #1:

The following model 1s used to predict the degree of hydration of Type I ordinary portland cement.
For curing of the paste under “wet ™ conditions the degree of hydration parameter m € [[ll] 15 given

as follows:

it M.:. 1s the mass of water in the fresh paste
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M is the mass of cement in the fresh paste
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M= : 7 <1 where: v, =0.568cm’ -g" is the specific volume of the gel product
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v =0315 cm” -g” is the specific volume of the cement particles

Uy = 1.00cm’ - g™ is the specific volume of the mix water

Simailarly, under sealed curing conditions the degree of hydration parameter m 1s given as follows:
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Compute and plot volume fractions of unhydrated cement. gel products, and capillary pores 1n
hydrated cement paste (hcp) as a function of water-cement ratio for w/ec = [_.H;," | M, }E ['D: l] under:
a. wetcuring conditions; and
b. dry cunng conditions.

Plot graphs similar to those of Figures 9.5 a & b in the course notes. Present vour spreadsheet
results, and the formulas yvou used 1n addition to vour graphs.

Problem #2: One model for the stiffness of hydrated cement paste 1s as follows: £, = E_ (1—mn, ¥

where E, 1is the Young's modulus of the paste; £ 1s the Young's modulus of the hep under the

assumption of zero capillary porosity; and n. 1s the capillary porosity. For this problem: Assume
E, =25 GFa. Compute and plot the Young's modulus E | of the hep as a function of the wic ratio.

(Assume wet curing conditions.)



Problem #3: One of the methods used to predict the stiffness and strength characteristics of
portland cement concrete (pcc) as a function of 1ts constituents, their properties. and their volume
fractions are the Voigt (1so-strain), Reuss (1so-stress), and mixed Voigt-Reuss (hyvbrid) models.
The objective of this problem is to gain some familiarity with these models and their predictions.
* From your Problem #2 results, select an E, for the hcp consistent with a w/c ratio of 0.30.
" Assume the aggregate used in the concrete has a Young's modulus E; of 200 GPa
» For aggregate volume fractions of 0% through 90% compute and plot the effective Young's
modulus of the concrete as predicted by the 1so-strain, 1so-stress, and hyvbrid models. To
compare the predictions of the different models, plot all of the curves on a single graph.
Briefly discuss the main features of the different model predictions.



