Freeze-Thaw Resistance of Blended Cement Concrete
using Seawater
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ABSTRACT

The durability of concrete involves resistance to freeze-thaw action, corrosion, permeation,
carbonation, chemical attack and so on. Generally, properties of concrete have been well
understood under the separate action of these deterioration mechanisms. However, in practice, the
degradation of concrete usually is the result of combined action of physical and chemical attack
and can be accelerated by the combined action of several deterioration mechanisms.

In the present study, to evaluate the combined deterioration by freeze-thaw action and seawater
attack, ground granulated blast-furnace slag or silica fume concrete with water or seawater as
mixing water was exposed to 210 cycles of freeze-thaw action. Tests were conducted to
determined the relative dynamic modulus of elasticity and compressive strength. Furthermore, The
XRD, SEM and EDS analysis were performed on the deteriorated part of concrete due to
freeze-thaw action and seawater attack.
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Table 1. Chemical composition and physical properties of cement and mineral admixtures

Items Chemical composition (%) Ig, loss | Specific Blaine

Types Si0, ALOs FexOs Ca0 MgO SO, (%) gravity (cm¥g)
OPC 21.95 6.59 2.81 60.1 3.32 2.11 2.58 3.15 3,112

SG 335 145 0.67 41.7 538 2.70 0.09 292 4,450

SF 91.2 1.3 0.8 0.7 0.3 ~ 23 2.20 204,700
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Table 2. Physical properties of aggregates

A= AdAF 25mmeS]

Items

Types Gmax (mm) Specific gravity Absorption (%) F.M.
Fine agg. - 2.60 0.8 2.8
Coarse agg. 25 2.67 0.78 -
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Table 3. Compasition of artificial seawater (/)

B 7)7] $18ke] Bl 1.09:0.028) 2

T ()3 AFE FE ALESARLH,

NaCl MgCl, - 6H0 Na;SO04 CaCly KCl
25.43 5.20 409 1.16 0.69
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Table 4. Mix proportion of concrete

Items | Mixing | Guax | Slump| Air | W/B| S/a Unite weight (kg/m’) Agent

Types water (mm) (em) | (9%6) | (%) | (%) | W C SG | SF S G | (Bx%)
OPC-W Water 187 | 416 - - 695 | 985
OPC-S Seawater 187 | 208 | 208 - 689 | 977
SG50-W Water 187 | 374 - 689 | 689 | 977

25 151 {45+05| 45 42 0.15
SG50-S Seawater 187 | 416 - - 699 | 991
SF10-W Water 187 | 208 | 208 - 693 | 983
SF10-S Seawater 187 | 374 - 689 69@ 982
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(3) X-ray 3AEA
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(4) SEM ¥ EDS®4
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Fig. 5 SEM image of SG50-S concrete subjected 0
to freeze—thaw action (90 cycles)
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Fig. 6 EDS analysis of part A in Fig. 5
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Fig. 7 EDS analysis of part B in Fig. 5
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