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Invention of Turk Salty Concrete is recommended for the GOTVAND Reservoir Dam,
SW of Iran. This new type of concrete can be mixed with pure salty water to stabilize
the salty domes. For the development of the mix, a ratio was defined as the proportion
of the salty water mass to the mass of the materials used (clay, bentonite, cement type
I1). These proportions varied from 0.8 to 1.80 in the mix. The proposed mix presented a
significant compressive strength when mechanically tested. The maximum bearing
capacity was measured to be more than 10,500kpa. This is a significant capacity for
salty cementation mixtures. In this paper, new mixture designs are reported developed
by adding waste materials such as plastic bottles and cotton fibers. As the waste
materials are detrimental to the environment and coastlines health, the inclusion of
waste would have the added benefits of helping in the environmental issues. The results
were found to be encouraging since it is shown that they improve durability, breaking
stress and the modulus of toughness. Other research studies are currently underway
examining the behavior of Turk Salt Mortar (TSM) by adding wasste materials such as
date palm tree fibers. TSM can be used in deep injection grouting for protection of
shorelines that come in contact with sea water.

Keywords: GOTVAND Dam, Fibers, Palm tree, Salty, Shorelines, Injection grouting,
Clay, Bentonite.

1 INTRODUCTION

In ancient Egypt (Waltari 1945), bodies were mummified by filling them with pure salt to
preserve them. Similar findings were discovered in the Chehrabad salt mines of Zanjan, Iran
(Saltmen 1993). Similarly, the TSM mixes incorporate a huge amount of pure salt with clay and
cement to form and possess rock-like properties (Turk 2007, 2008). TSM mix was shown to be a
mix that could be used appropriately in dry or saturated conditions (Turk 2017). The mix is
produced by the mixture of ultra-saturated salt water, Shushtar Ceramic Clay, Bentonite and
Cement type Il (Turk 2006, 2018; Damough 2011). This research study began in 2016 and was
continued by the addition of waste materials. The new mix displays a different behavior in
comparison with the original mixes. The broken, unreinforced samples show 30°-60° plane slope
rupture as shown in Figure 1. When fibers were added, vertical failure cracks appeared in the
broken samples that showed improvement in failure resistance (Figure 2). Figure 2 also shows
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failure patterns of samples when date palm tree fibers, cotton, and plastic shredded wastes were
added.
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Figure 2. Fibers: A) Palm Tree 1.5% B) Cotton 0.11% C, D) Useless Plastic 2.13% (KTNSE 2017, 2018).

A tri-axial UU test was conducted for sample S970216P-2 per BS standard 1377 Part 7, at two
days age, with 2.1% weight ratio of plastic fibers at a cell pressure of 600kpa, strain 6.27%, and
rapture stress 1°853kpa. Sample S970216C-2 was also tested per the BS standard at two days age
with 1.54% cotton fibers, strain 1.81%, and rapture stress 7'240kps. It seems that the sample
S970216P (plastic fibers) has more flexibility behavior than S970216C (cotton shards). In the
initial days, flexibility of plastic fibers is 400% more than cotton fibers. This ratio decreases in
the following days when the age of samples rise to 30days. This value is incredible and
remarkable in contrast to the previous samples that were tested by TSM (Turk 2017). In Figure 2,
fibers of plastic stick inside the TSM strongly, which acts such as a reinforced concrete. It is
noted that the mortar is created by an ultra-salty mixture.
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2 MATERIALS OF TSM

TSM is a mixture which occurs in the natural Anbar salt mine, and consists of water, Shushtar
Ceramic Clay, Bentonite and Cement type Il. The study aimed to stabilize the GOTVAND salty
domes inside the fresh lake reservoir. TSM can be injected under pressure in deep formations
(Gutiérrez 2016). Figure 3 explains the ratio of materials that should be mixed for TSM.
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Figure 3. Materials will use in TSM Samples S(yy, mm, dd, ages, fiber, o ) mixture design (Turk 2017).

2.1 Criterion of TSM Resistance and MTE

The maximum breaking stress was 13,800 kpa as registered by the compressive hydraulic jack. It
belonged to Sample S950713 at 26 days on October 4th 2016. It can be selected as a relative
criterion for all samples. Eq. (1) to Eq. (4) interpret the relative criterion (Turk 2018) and
modulus of toughness energy per volume (Beer 2012). Samples have different cell pressures.
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Figure 4. Modules of toughness energy respect to their o7, oy and sample ages (KTN 2018).
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Figure 5. The value of wq,S970216P2-600kpa plastic fibers is the highest TSM (KTNSE 2017, 2018).
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Figure 6. Breaking resistance of Samples registered from 17 April 2017 till 27 June 2018.

2.2 Criterion of TSM permeability

TSM is slightly different from the ACI 318 manual for concrete structural mixture design. In
permeability testing, horizontal cross section is taken to obtain the percentage of water leakage.
Eg. (5) to Eqg. (7) and Table 1 explain Darcy’s law of permeability using the cylindrical samples
(Das 2010). Tri-Axial samples were tested by saturation rate, S97020920P100%, S97030135G
and $S97023150.0% (60 min in 100°° oven), in a pressure chamber with longitudinal sections.
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Table 1. Permeability and water adsorption calculation, d=38mm, (7.« =1.80, 1.86, 1.85 (KTNSE 2018).

Sample Age Fiber W1 WO Sr h At Ah Q K OTurk
(day) % (gr) (an) % (cm) (s) (cm) (cm®s)  (cm/day) %

S970209P 20 0.11  139.44 138,63 100 8.7 900 7000 9.0E-4 2.9E-3 0.40
S970301G 5 0.0 156.05 15529 35 7.9 1380 8366 5.5E-4 1.5E-3 0.49
$970231S 29 0.0 161.3 153.77 0.0 8.7 1800 7110 4.2E-3 1.34E-2  4.90

EPE-01-5



Shiau, J., Vimonsatit, V., Yazdani, S., and Singh, A. (eds.)

3 CONCLUSION

Salty Domes (HARZA 1968) are hazardous. Correspondingly, an alarm was conveyed to the
government by NGOs and the local residents. The Ministry of Power declared that there is no
feasible solution to stabilize the Salty formation of GOTVAND Lake. However, TSM is the only
way to protect the fresh water against the impact of salts. Saltified TSM can be accepted, per the
results of a pilot field using grouting operation inside the salty layers. Tentative samples proved
the beneficial behavior of TSM by breaking resistance, durability in water saturation, and in
elasticity behaviors. Unused plastic, cotton and palm fibers are combined with TSM cementation,
which improves elasticity and strain behavior. Figure 4 and Eq. (4) show the yr, increasing in
ratio with unused fibers, in contrast to non-fiber conditions. Unused fibers sharpen the c-€ curve.
Also, the toughness modulus increases during initial strain (e < 2.0%). Modification behavior is
clearly represented in Figure 5. Unfortunately, the unused plastic bottles increase day-to-day to
destroy the shorelines and natural beauty of coasts. By the adoption of this method, onshore
protective structures may be designed to save the dunes, estuary, ports, and more through the use
of un-reinforced concrete. The TSM fibers axial test realized more than 8,000 kpa at 36days with
Gru=1.85 proportion. Sample resistance grows till 100 days.
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