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Temperature-dependent Diffusion Coefficient of Chloride lon in UAE Concrete

Ji-Won Hwangl, Seung-Jun Kwon”*

Abstract: NPP (Nuclear power plant) structures have been constructed near to the sea shore line for cooling water and exposed to steel corrosion due
to chloride attack. Regarding NPP structures built in the UAE, chloride transport may be more rapid than those in the other regions since the temperature
near to the coast is high. In this study, concrete samples with 5,000psi (35MPa) design strength grade were manufactured with the materials and mix
proportions, which were the same as used in the UAE NPP structures, then chloride diffusion coefficients were evaluated considering temperature and
curing age. The compressive strength and the diffusion coefficient were evaluated and analyzed for the samples with 28 and 91 curing days. In addition,
chloride diffusion tests for 91-day-cured condition were carried out in the range of 20C to 50°C. The activation energy was obtained through converting
the temperature slope to a logarithmic function and it was compared with the previous studies. The proposed activation energy can be useful for a
reasonable durability design by using actual temperature-dependent chloride diffusion coefficient.
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Fig. 1 Average temperature in UAE
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Table 1 Mixing proportions for the test

Material (Ib/cy)”

Crushed Dune Coarse HWRA
Sand Sand Agg (TypeF)

Strength

W/B .
(psiy MPa) W C GGBS SF

5,000
04 (35MPa) 247190 411 32 1,191 388 1,581 6.963

*: (Ib/cy)x0.5932=(kg/m’)

Table 2 Materials properties of the components

ltems Supplier  Fineness Density Absorption
(Source) Modulus (g/cm’) (%)
Ccs:Ds=7525  (Blended ) o - -
sand)
Fine ~CoCerushed g - 2.69 12
sand)
Agg.
Trans
DS(dune sand) Middle East - 2.63 0.7
(Al Ain)
1 in. - 2.69 0.5
Coarse 3/4in, WBG - 2.69 0.6
3/8 in. - 2.68 0.6
OoPC - 3.12 -
Binder GGBS - 2.86 -
SF DAZE - 2.16 -
HWRA(Type-F) Silk Road - 1.055 -
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Fig. 3 Photos for temperature-dependent diffusion test
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Fig. 4 Measured physical properties at each ages
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Table 3 Testing temperature and curing days

Diffusion coefficient (x10™'? m%sec)

Curing ages 28 day 91 day
Testing temperature  20C 20C 30C 40C 50C
Mean 146/ 125/ 176/ 276/  3.84/
/COV 3.63% 4.19% 9.53% 12.13% 34.95%
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