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Property Carbonate  Bicarbonate  Chloride  Sulfate  Total Anions  Calcium  Magnesium Sodium Potassium  Total Cations
Tap Water 0.0 396.6 134.7 115.3 646.6 58.1 58.4 59.8 4.0 180.3
Mixed Water 0.0 899.9 1029014 20230.2  124031.5 730.5 1792.4 62532.4 55 65060.7
Briny Water 0.0 1403.2 205668.0 40345.2  247416.4 1402.8 3526.4 125005.0 7.0 129941.2
Property EC (ds.m™)  Total Dissolved Solids pH Total Hardness ~ Total P Total N BOD COoD TSS
Tap Water 1.26 806 7.6 385 0.5 1.2 0 0 0
Mixed Water 116.13 104403 75 9193 0.4 140.6 1080 18335 4395
Briny Water 231.01 208001 7.3 18000 0.2 280 2160 36670 8790

Table 1. Chemical properties of used water (as ppm except pH and EC- Electrical Coductivity)

Glscdle 35050 53 s2m Sl PPM o ) b 2 0 sl L5 O eIl 3les 03 5o Y J g

Property Limits Reference Property Limits Reference Property Limits Reference
7-9 28 1000 29 . 500 26
oH 69 {24} Carbonate 1000 ESO} Nitrate 500 E31}
5.0-8.5 [25] . 400 [29] 500 [28]
Total Suspended 2000 [2o]  Clearbonate — 0 500 [30]  Total Alkanlinity” 1500 [31]
Solids (TSS) 30 [24] 3000 [27] 600 [25]
2000 [25] Sulfate 3000 [25] Inorganic Solids 3000 [29]
Total Dissolved 2000 [28] 2000 [3] Organic Solids 200 [29]
Solids (TDS) 35000 [25] 2000 [26] Detergents 2 [31]
Total Solids (TS) 50000 [27] Magnesium 2000 [28] Sugars 100 [29]
10000 [25] Sodium 2000 [28] 100 [26]
Chloride 1000 [27] Calcium 2000 [28] BOD; 30 [24]
500 [3] Potassium 2000 [28] COD 500 [3]
4500 [26] Phosphate 100 [26] Oil and Greasg** 50 [29]
Chloride Residual 1 [24] 100 [31] Fecal Coliform 200 [24]

* EPA [24] values are presented for restricted reuse of wastewater after secondary treatment and disinfection.
“as ppm CaCO; ™ Blobs should be disappear after 2 minutes " counts per 100 ml.
Table 2. Permissible limits of mix water impurity for plain concrete (as ppm except signed properties)

(Lo s o p badsls) Sl 55 5 Oloses gloocd SLS 5 ¥ J g

Compound  Cement Zeolite  Compound  Cement Zeolite Compound  Cement Zeolite
SiO, 21.11 69.28 CaO 63.36 3.56 MgO 1.51 0.50
Al,O; 4.42 10.43 Na,O 0.38 0.73 SO, 2.61 0.005
Fe,0; 3.96 0.49 K,0 0.51 1.27 LOI 2.98 12.97

Table 3. Chemical composition of cement and zeolite (as percent)

(ol o xS e g 3 0 S5hS o alie) DOl - b i 8 Jgir
Treatment Water Cement Zeolite Gravel Sand Treatment Water Cement Zeolite Gravel Sand

C171 112 250 0 969 969 C271 158 350 0 896 896
Cl1z2 112 225 25 969 969 C272 158 315 35 896 896
C173 112 200 50 969 969 C273 158 280 70 896 896
Cl1z4 112 175 75 969 969 C274 158 245 105 896 896

C: cement content (1: 250 & 2: 350 kg.m-3) Z: zeolite level (1: 0; 2: 10; 3: 20 & 4: 30%)
Table 4. Details of mix design (values are as kg per cubic meter of concrete bulk)
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Source of Variation d.f Mean Square P Value
Cement Content (C) 1 27669.00 0.000
Water Type (W) 2 153.40 0.000
Zeolite (2) 3 399.27 0.000
Curing Time (d) 4 944.44 0.000
Interaction of C*W 2 119.86 0.000
Interaction of C*Z 3 102.05 0.000
Interaction of C*d 4 207.00 0.000
Interaction of W*Z 6 56.15 0.000
Interaction of W*d 8 11.31 0.110
Interaction of Z*d 12 6.52 0.493
Interaction of C*W*Z 6 61.42 0.000
Interaction of C*W*d 8 8.62 0.264
Interaction of W*Z*d 24 14.20 0.003
Interaction of C*W*Z*d 36 7.05 0.424

Total Error 240 6.83 -

Table 5. Result of analysis of varience (ANOVA) test on compressive strength of concrete pieces
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A: Interaction of cement content*water type

B: Interaction of cement content*zeolite

Cement Content ~ Water Type Strength Cement Content Zeolite (%) Strength
, Tap 10.3° 0 14.92
250 kg.m Mix 10.4° 3 10 10.4
Briny 12,67 250 kg.m 20 10.57
Tap 30.1° 30 8.5°
350 kg.m Mix 26.82 0 29.5°
Briny 28.9 3 10 29.6°
C: Interaction water type*zeolite 350 kg.m 20 29.7°
Water Type Zeolite (%) Strength 30 25.7°
0 21.9° D: Interaction of cement content*curing age
Tap 10 20.5% Cement Content  Curing Age (day) Strength
20 211" 3 8.5'
30 17.3% 7 9.9"
0 19.5% 250 kg.m™ 28 11.5°
Mix 10 19.2% 56 12.2%
20 18.4% 90 13.4'
30 17.2" 3 215°
0 25.1° 7 25.0°
Brin 10 20.3% 350 kg.m™ 28 29.9°
y 20 20.9" 56 32.6°
30 16.8° 90 34.2°

Table 6. Mean comparison of two-way interaction effects on compressive strength of concrete pieces (MPa)
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W: water type (1: tap water; 2: combined water & 3: briny water) Z: zeolite level (1: 0; 2: 10; 3: 20 & 4: 30%)
d: curing age (1: 3; 2: 7; 3: 28; 4: 56 & 5: 90 day

Fig. 3. Mean comparison of three-way interaction of water type*zeolite percent*curing age on compressive strength of concrete
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Abstract

Global water scarcity and air pollution by greenhouse gases have amplified the need to use of
unconventional water and environmental friendly materials in the concrete industry. Because of its proximity
to the Caspian sea, the geological conditions and hydrogeological characteristics of the northern and western
regions of Golestan province, groundwater in this area is very salty. On the other hand, due to lack of access
to good quality surface water in most of the months, civil and construction activities in this area are always
challenging. Accordingly, the present study was conducted to investigate 120 treatments (including three
levels of water quality including tap water, briny grounwater and mixture of equal ratio of tap water and
briny grounwater), four levels of zeolite (including 0, 10, 20 and 30 percent of zeolite application instead of
cement in the concrete mix design), two levels of cement content (including 250 and 350 kg.m™) and five
curing ages (including 3, 7, 21, 56 and 90 days) in three replications. Considering the considerable types of
the experimental treatments in this study and in respect to the lack of statistical analysis in previous studies,
the results of this study were analyzed based on a completely randomized design with factorial experiment
using analysis of variance (ANOVA) and means comparison (LSD) tests. Averagely, use of briny
groundwater resulted insignificant increase in the compressive strength of concrete specimens compared to
tap water, while combined water significantly decreased this property, but this reduction was within
permissible range 10 percent based on national and international standards. Also, replacement of 10, 20 and
30 percent of cement by zeolite compared to non-zeolite treatment significantly reduced the compressive
strength of concrete specimens by 9.9, 9.5 and 23.1 percent, respectively, but the difference between
replacement level 10 and 20 percent was not significant. However, Concurrent use of briny groundwater and
zeolite up to 20% can be recommended without significantly reducing the compressive strength of concrete.
In the cement content of 250 kg.m®, the difference between tap water and combined water treatments was not
significant, but the use of briny groundwater resulted significance increase in compressive strength of
concrete pieces by 22.8 and 21.8 percent compared to tap water and combined water, respectively. In
contrast, in the cement content of 350 kg.m™, the highest compressive strength was obtained in samples
made with tap water, briny groundwater and combined water, respectively, and the differences between them
were statistically significant. The results showed that due to two- and three-way interaction of these three
factors on compressive strength of cement pieces, which means different effects of water quality and
application percent of zeolite on different content of cement, the choice of the best application level of
zeolite and water type according to the cement content should be selected based on the mix design test in
building site. However, using of briny grounwater and zeolite in the concrete mix design, especially in
cement content of 350 kg.m, without significantly reducing the compressive strength of concrete and even
significantly increase of this property in some treatments, is recommended.

Keywords: Cement content, Curing age, Mix design, Unconventional water.
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