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W/CM 
 l�k
b6�:	 

8/77 00/15 7/157  8/612  7/1106 0 0 530 3/0 H1 
1/77 93/11 3/159 5/600  4/1107 5/79 0 5/450 3/0 H2 
4/76 60/10 6/159 7/587  6/1107 0/159 0 371 3/0 H3 
8/76 58/14 7/157 9/605  7/1106 0 53 477 3/0 H4 
9/72 87/10 2/159 6/594  4/1107 5/79 53 5/397 3/0 H5 
3/71 34/10 6/159 8/582  6/1107 159 53 318 3./ H6 
2/76 25/13 7/157 8/598  7/1106 0 106 424 3/0 H7 
8/72 47/10 2/159 5/588 4/1107 5/79 106 5/344 3/0 H8 
8/69 54/9 6/159 8/577  6/1107 159 106 265 3/0 H9 
6/70 30/10 0/162 7/717  6/1106 0 0 400 4/0 H10 
0/68 80/8 6/162 2/708  9/1106 0/60 0 340 4/0 H11 
2/64 80/7 1/163 6/698  2/1107 0/120 0 280 4./ H12 
7/64 00/10 0/162 5/712  6/1106 0 40 360 4/0 H13 
6/63  30/8  5/162 7/703  9/1106 60 40 300 4/0 H14 
3/57  50/7  1/163 0/695  2/1107 120 40 240 4./ H15 
7/63  80/9  0/162 1/707  6/1106 0 80 320 4/0 H16 
6/61  50/8  5/162 2/699  9/1106 60 80 260 4/0 H17 
9/56  20/7  1/163 2/691  2/1107 120 80 200 4./ H18 
8/56 96/8 3/160  9/782 2/1107 0 0 320 5/0 H19 
5/53 00/8 5/163  0/775 0/1107 0/48 0 272 5/0 H20 
6/48 20/7 2/164  5/767 5/1107 0/96 0 224 5/0 H21 
7/55 80/8 3/162  7/779 2/1108 0 32 288 5/0 H22 
5/49 60/7 5/163  5/771 1/1107 48 32 240 5/0 H23 
8/46 20/7 7/163  4/764 3/1107 96 32 192 5/0 H24 
6/51 20/7 5/163  4/774 2/1107 0 64 256 5/0 H25 
7/47 80/6 7/163  9/767 3/1107 48 64 208 5/0 H26 
1/40 25/6 4/164  7/761 6/1107 96 64 160 5/0 H27 
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0/55 0/25 1/93 0/34 1/39 0/34 H1 
0/65 0/30 2/03 0/39 1/94 0/42 H2 
0/74 0/35 2/23 0/51 2/03 0/50 H3 
0/51 0/23 1/93 0/34 1/18 0/30 H4 
0/61 0/23 2/02 0/36 1/66 0/36 H5 
0/65 0/27 2/17 0/48 2/00 0/47 H6 
0/64 0/37 2/13 0/58 1/79 0/63 H7 
0/68 0/45 2/23 0/69 2/52 0/80 H8 
0/83 0/57 2/53 0/76 2/89 0/99 H9 
0/95 0/38 2/36 0/70 1/98 0/49 H10 
0/97 0/42 2/42 0/75 2/38 0/52 H11 
1/09 0/50 2/66 0/84 2/53 0/58 H12 
0/85 0/35 2/27 0/68 1/69 0/43 H13 
0/94 0/39 2/41 0/70 1/95 0/45 H14 
1/08 0/46 2/74 0/77 2/08 0/52 H15 
1/00 0/71 2/40 0/72 2/74 0/75 H16 
1/16 0/72 2/62 0/83 2/91 0/86 H17  
1/22 0/74 2/71 0/99 3/32 1/02 H18 
1/10 0/65 2/93 1/55 2/46 0/53 H19 
1/33 0/68 3/03 1/60 2/50 0/73 H20 
1/51 0/77 3/17 1/65 2/77 0/96 H21 
0/93 0/71 2/88 1/46 2/25 0/45 H22 
1/18 0/79 3/00 1/47 2/26 0/62 H23 
1/37 0/89 3/10 1/57 2/51 0/83 H24 
1/31 0/94 2/92 1/74 3/21 0/85 H25 
1/35 1/08 3/13 1/89 3/53 0/95 H26 
1/56 1/25 3/31 2/07 3/58 1/04 H27 
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ABSTRACT 
Durability of concrete in the environments containing sulfate ion has been accompanied with special 
concern for many reinforced concrete structures such as bridge decks and piers. Such structures as well as 
many other reinforced concrete structures have been suffering from corrosion due to existence of sulfate 
ions in soil or water adjacent to structure. Conventional methods like use of sulfate resistance cement in 
concrete has been utilized for long time; however, due to its limited effect and its unsuitability against 
some other harsh environments, alternative solutions like substitute of pozzolanic materials with a part of 
cement has been attracting for many researchers and practical engineers. 
In the current study, to introduce a concrete with relatively high durability against sulfate ions, concretes 
containing slag and limestone powder were examined in sulfate environment. Since the concentration of 
sulfate ion in site is low and the corrosion of concrete adjacent to soil or water containing sulfate ion 
occurs during a long time, for evaluation of the effect of sulfate ion on concrete within a shorter period of 
time in the laboratory, it is necessary to perform accelerated experiments. The accelerator tests can be 
done by increasing the concentration of the sulfate ion and/or performing wetting and drying cycles on 
the concrete specimens. Accordingly, the solutions of 5% magnesium sulfate, 5% sodium sulfate and pure 
water were used as laboratory environments to perform the tests.  
To design the concrete mixes, ACI 363R was used to determine the ingredients; however according to 
ACI 211.4R-93, 30% reduction in water amount was utilized based on using super plasticizer in the mix. 
Liquid super plasticizer with Melamine base was used and the slump was stabilized about 80-100 mm. 
Besides the aforementioned codes, some modifications were made in the amount of solid ingredients 
based on the recommendations Mostofinejad and Nozhati.  
In order to evaluate the concrete deterioration process in sulfate ion, the reduction in compressive strength 
plus the weight changes in all specimens were measured; hence, the effect of the type of sulfate ion in 
different water-to-cement ratios and different ratios of limestone powder and slag on the decrease of 
weight and compressive strength of concrete was investigated. To do so, 27 mix designs including 15% 
and 30% substitute limestone powder and 10% and 20% substitute slag with the water-to-cement ratios of 
0.3, 0.4 and 0.5 were made and cast in 243 70 70 70 mm� �  cubes. The test results on the specimens 
after 70 and 140 days showed that a combination of 10% slag and 15% limestone powder substitute to 
cement not only provides an economical mix design, but also fairly increases the durability of concrete. 
Such a combination of cementitious materials could be recommended for concrete in sulfate 
environments; e.g. for construction of bridge piers. 
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