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An Experimental Study on the Durability Characterization using Porosity
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Abstract

The porosity in porous media like concrete can be considered as a durability index since it may be a routine for the intrusion
of harmful ions and room for the keeping moisture. Recently, modeling and analysis techniques for deterioration are provided
based on the pore structure with the significance of durability and the relationship between porosity and durability charac-
teristics is an important issue. In this paper, a series of mortar samples with five water to cement ratios are prepared and tests
for durability performance are carried out including porosity measurement. The durability test covers those for compressive
strength, air permeability, chloride diffusion coefficient, absorption, and moisture diffusion coefficient. They are compared with
water to cement ratios and porosity. From the normalized data, when porosity increases to 1.45 times, air permeability, chlo-
ride diffusion coefficient, absorption, and moisture diffusion coefficient decrease to 2.3 times, 2.1 times, 5.5 times and 3.7
times, respectively, while compressive strength decreases to 0.6 times. It was evaluated that these are linearly changed with
porosity showing high corelation factors. Additionally, intended durability performances are established from the test results
and literature studies and a porosity for durable concrete is proposed based on them.

Keywords : porosity, air permeability, chloride diffusion coefficient, absorption, moisture diffusion coefficient
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Table 1. Mix proportions and characteristics of sand (C:S =

B AT A= MIP(Mercury Intrusion Porosimetry) 23 1:3.125)
2 Esl] FEES BAsidor, A ¥ o}, d3stE Ww/C Cement Sand Water Flow
B 17:]]~1— _1'5_ SA%E, 48 49:].1: = -4 ) :]1_4 A A @3”}9} (%) (kg/25liter) | (kg/25liter) | (kg/25liter) | (mm)
w 45 8.5 25 3.83 300
1 AEN B ohj2}, B umﬂcﬂ R
& 2 *E‘féow—t— OPCE AMS3 REElZS o 50 85 2 4.25 300
oz YA Ado] SHEL) EIAES ALLE Z7) 55 8.5 25 4.68 330
£ e, BHET WS et A7) SF 9 &0 83 25 5.1 360
Table 2. Physical properties of cement and sand
. . Specific gravity (g/cm?) Absorption (%) FM
Physical properties of aggregate
2.60 0.95 2.64
Physical properties of cement Chemical composition of cement (%)
Specific gravity (g/cm3) 3.15 SiO, AlLO3 Fe 05 CaO MgO SO3 LOI
Blaine (cmz/g) 3,120 21.5 5.10 3.04 61.3 2.85 2.21 1.93

Table 3. Conditions for measuring porosity through MIP

Contacting angle 130°

Mercury surface tension

485 dynes/cm

Maximum head pressure 4.45 psi
Stem volume 0.392 ml
Bulb volume Sce
Pemetrometer constant 10.79/pF
High Pressure Measurement 33,000 psi
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Table 4. Chloride diffusion coefficient using NT BUILD 492

* 4 0 U

a. Rubber sleeve
b. Anolyte

. Catholyte
£. Cathode

Catholyted 10% NaCl

Anolyte 0.3N NaOH
Temperature 20~25°C
Applied potential 15~35V

Initial current 30~180 mA
Duration time 24 hours

©. Ancde 9. Plastic support
d. Specimen h. Plastic box
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Fig. 1 Test for air permeability
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(a) samples for moisture test

(b) measuring weight

Fig. 2 Test for moisture diffusion
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Fig. 7 Changes in air permeability with different W/C ratios
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Table 5. Results from absorption and diffusion coefficient for moisture

W/C | Sorptivity coefficient Thickness Surface area | Transfer constant | Surface concentration Moisture diffusion
(%) (S:kg/m>h®) x1073%([L:m) | x1074%A:m?) x1073(B:m) (Cokg/m?) coefficient X107 (Dy:m?/h)
40 0.08 50 25 0.02 25.37 6.5
45 0.17 50 25 0.02 42.89 9.1
50 0.18 50 25 0.02 48.73 12.4
55 0.24 50 25 0.02 53.89 143
60 0.44 50 25 0.02 56.43 242

0.3 1 60 30
_ o4 x50 255
g § ]
"% s E 40 zn§ _
5 g E 30 15 —g j:;
‘§ 0.2 E E £2
g g 20 05
® o1 £ g
. ® 10 —O—surface moisture content s g
o . . . . | 0 —.—_moislnre dilfusiqn coefficient 0
40 45 50 55 60 35 45 55 65

WIC ratios (%)

(al Changes in absorption with W/C ratios

WIC ratios (%)

(b) Changes in moisture content and diffusion coefficient with W/C ratios

Fig. 8 W/C ratios and moisture characteristics in mortar specimens
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