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Hexagonal crystals of _ O ™ —T
Ca(OH); or low sulfate 'Cf q #*-‘I'
in cement paste Entrained air bubbles
» el - - B B . - -
7L ZE R | T *
| Interparticle 4
spacing between l | | L | || Max. spacing of
C-5-H shesls + : m — - || entrained air for
_#. Capillary voids durability to frost
N g action
- =y nm] ~ M 1 |
%ffw %;‘ gll‘E ﬁz%s [ Aggregation of
H C-S-H particles
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Dimensional range of solid and pores in a hydrated cement paste.

P. J. M. Monteiro, Lecture PPT, 2013



7K E Z5 (Powers 1949)

(b) =5

(c)

G. W. Scherer, Lecture Handout, 2008



7K [EER (Powers 1949)

G. W. Scherer, Lecture Handout, 2008
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G. W. Scherer, Lecture Handout, 2008



KIEFRRIZEBITAZER D EIE

Water Flow

— Pore

P. J. M. Monteiro, Lecture PPT, 2013
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P. J. M. Monteiro, Lecture PPT, 2013



Monteiro 2000

P. J. M. Monteiro, Lecture PPT, 2013



cement paste

(a) 5 minutes (b) 15 minutes

average cross section of the air void
during the freezing process

Initial Configuration )
(5 min)

(¢) 35 minutes

Piltner, R.,and P. J. M. Monteiro, Cem. Concr. Res., Vol.30, p847,2000
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A review of salt scaling: I. Phenomenology

John J. Valenza I1*, George W. Scherer
Cement and Concrete Research 37 (2007) 1007 - 1021
Cement Particle

|(— 250 - 300 i —)l

Simplifying assumptions

B—4.5.2.2 KiaRREFREOES[1]

Pigion, M. and Pleau, R.: Modern concrete technology, Durability of Concrete in Cold Climates, E&FN SPON
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Degree of saturation

Betong-handboken, Svensk Bygjanst, Stockholm, pp 430-433, 1980
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http://ja.wikipedia.org/wiki/%E5%87%8D%E4%B8%8A



JK &8 & Al AR (Stezer 2001)
(2UVAT7A AL X)

A: Macroscopic plot B: Microscopic plot
I Cooling !
approx. 150 mm ——— he- gel - macro -{
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f ..
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ti 3 phases:
wils water vapor nce
L “ 7ONe

3phases: |\ | A® : A'/ --------
water - vapor- ice ;

.....

Extemal heat

V

i pressure due to trple
phase condition Micro-lce-Lens Formation in Porous Solid'

mp liquid water flow ====» internal vapor transpo Max 7. Setae
Townal of Colloid and Interface Scisnce 243, 195-201 (2001}

> expansion / contraction
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