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ABSTRACT 
Saline water causes a number of serious problems for both shoreline constructions and 

freshwater aquifers; whatsmore, coastal aquifers face major problems such as seawater 

intrusion into the interface and a decreasing in the amount of water resources during 

drought when water allocations from surface resources are lower less than normal. It 

is proposed that by injecting TSC into the interface area at a specified depth it would 

be possible to isolate against saline water intrusion. In 2004, huge salt domes were 

identified in the GOTVAND dam reservoir which could if released affect the freshwater 

in the Karun River. TSC grout can be used to isolate Salt formations in the form of 

vertical curtain. –SEM imaging at a resolution of x 2000 have shown the adhesiveness 

of fibers in TSC. The images show that fibers and salt concrete blend producing the 

ancient mummification techniques. TSC can reduce the costs and time of grouting. 

 

INTRODUCTION 

 

Seawater penetrates concrete coastal structures especially the piles of ports, causing 

damage such as skin cracking, steel bars sulfating and corrosion which manifest 

themselves on protective walls along the shoreline, Thompson (1987) and Chegini 

(2011). TSC was invented as a measure to mitigate salt formations and protect sea 

shorelines, Turk (2017, 2018a); whatsmore, TSC has the capability to prevent the 

intrusion of saline water into structures and aquifers offshore. Due to the fact that TSC 

materials are easily available in nature and can be used as a specific mixture per case, 

it is an economical solution to resolve the matter of saline water intrusion into the 

interface of the aquifer. It is believed that TSC can be applied in areas in the ARVAND 

River Estuary, and along the coastline of the Persian Gulf, conditional to the providing 

of funds for such projects. Grouting operations at the Interface of freshwater and 

seawater would then begin from 1m in shallow water (clay silt soil) to 15m in proximity 

to the shoreline (silt clay soil), KTNSE (2017).  

 

TSC MATERIALS   

 

The TSC materials used in this study were a mixture of Salt stone (S), Water (W), 

Cement type II or V (Cii, Cv), SHUSHTAR Ceramic Clay (C), Bentonite (B) and waste 

plastic fiber (F). Equation 1 defines ζTurk of TSC which is includes the existing salt 

water. The values of ζTurk varies from 0.75 to 6.69. Equation 2 explains the figure μTurk 

which is the index of salt resistance. Figure μTurk is the combination of an axial 

resistance of S950713 and ζTurk1 at 10 days of curing. Table 1, presents ζTurk, μTurk and 
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Modulus of Elasticity. Figure 1 represents the behavior of materials vs the axial 

resistance of samples after 10 day of curing. Since 2016, samples have been taken to 

determine the saturation mode, KTNSE (2017). Although, the samples were broken up, 

all of them retained a stable shape in water. Although, the samples are broken, all of 

them have stable shapes in water.  

 

Table 1. Materials Percentages of TSC, E (kg/cm²), t (days), KTNSE (2019). 

i Sample t  S     Cii,v   B  C W    F (%)   ζTurk E µTurk 

1 950713 26 39 22v 22 0.0 17 0.0 1.30 ------- 1.00 

2 961222 55 40 19v 8.0 8.0 25 0.0 1.86 437 0.56 

3 970216P 13 40 18ii 7.7 8.0 24 2.1 1.77 375 1.01 

6 980625P 19 48 17ii 7.0 7.0 21 0.2 2.21 46¸000 1.60 

11 980729P 30 67 14ii 1.6 1.6 15 0.6 4.78 15¸500 3.33 

12 980924P 48 69 12ii 1.1 1.0 16 0.4 5.65 23,000 4.08 

14 981220P 18 71 11ii 1.3 1.0 16 0.4 6.69 21,000 3.70 

15 990706P 43 70 11ii 1.1 0.3 17 0.4 6.78 11,200 1.39 

16 990708P 41 70 10ii 0.9 0.3 18 0.3 7.37 14,100 1.33 

 

𝜁𝑇𝑢𝑟𝑘 = (𝑊𝑊𝑎𝑡𝑒𝑟 +𝑊𝑆𝑎𝑙𝑡)/(𝑊𝐶𝑙𝑎𝑦 +𝑊𝐵𝑒𝑛𝑡𝑜𝑛𝑖𝑡𝑒+𝑊𝐶𝑒𝑚𝑒𝑛𝑡+𝑊𝐹𝑖𝑏𝑒𝑟𝑠)                 (1)

                            

                               𝜇𝑇𝑢𝑟𝑘,𝑖 =
𝜎𝑖

𝜎𝜎10,95713
×
𝜁𝑇𝑢𝑟𝑘,𝑖

𝜁𝑇𝑢𝑟𝑘,1
 , 𝑖 = 1, 2 ,3……… ,11                           (2)                                                                                                                   

 

 
Figure 1. Index of salty resistance vs material percentage, KTNSE (2019). 

 

Interpretation of TSC Samples 
In Figure 1 the materials used in the mix such as salt, water, cement, clay, bentonite 

and fibers are defined. It shows the proportion of each material in the mix in terms of 

weight of materials which it based on the ranking of low to high values of μTurk (salt 

resistance index). The curve obtained for μTurk shows an increasing trend, rising up 

from 0.15 to 4.08 for samples. While, figure ζTurk presents a similar concurrent 

ascending curve. Other curves for various materials an adverse μTurk curve behavior.  
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∆𝜇𝑇𝑖𝑗 = 𝜇𝑇𝑗 − 𝜇𝑇𝑖 = (𝜎𝑗𝜁𝑗)/(𝜎1𝜁1) − (𝜎𝑖𝜁𝑖)/(𝜎1𝜁1) , 𝑖 = 1, 2 ,3, …… 𝑗… ,49          (3)                                       

          

TSC- MODULUS OF ELASTICITY   
   

The present study has shown that the mechanical properties of the TSC improved in as 

such that the Step Stiffness Method (SSM) was applied to analyze TSC using hydraulic 

jack output data figure EI (stiffness) and figure EA/L (axial stiffness). Samples were 

broken across the vertical axis in order to obtain a Modulus of Elasticity using the 

maximum tangency line of the σ-ϵ curves. The Modulus of Elasticity ETURK increased 

by μTurk and sample curing period was up to 270 days as seen in Equations 4 to 7.  The 

Modulus of Elasticity f(EZ) depends on the matrix ETurk [3×t] in which aging (t), axial 

stress (σZ), radial stress (σR) and Z-Z strain (ϵZ) are incorporated so that when the load 

suddenly returns to zero the Modulus of Elasticity is recalculated, Turk(2001).  

      

                                     𝐸𝑍 = (∆𝜎 ∆𝜖⁄ ) = (𝜎𝑌 − 𝜎0) (𝜖𝑌 − 𝜖0)⁄                                  (4)                                        

 

            𝑓(𝐸𝑍) = 𝐸𝑇𝑢𝑟𝑘(𝑡, 𝜎𝑧 , 𝜎𝑅 , 𝜖𝑧 ) = 𝑓[3 × 𝑡𝑖] , 𝑡𝑖 = 1, . . , 40, … , 270 𝑑𝑎𝑦𝑠           (5)  

 

                 𝐸𝑇𝑢𝑟𝑘(𝑡, 𝜎𝑧 , 𝜎𝑅 , 𝜖𝑧 ) =  [
1𝑑𝑎𝑦 2𝑑𝑎𝑦 𝑡𝑖 200𝑑𝑎𝑦 𝑡𝑛
𝜎𝑧1 𝜎𝑧2 𝜎𝑧𝑖 𝜎𝑧200 𝜎𝑧𝑛
𝜎𝑅1 𝜎𝑅2 𝜎𝑅𝑖 𝜎𝑅200 𝜎𝑅𝑛

]                (6)  

 

                                              𝐾 = (𝜎𝑍 . 𝐴)/(𝜖𝑍. 𝐿) = 𝐸𝐴/𝐿                                                (7)                                 

 

 
Figure 2. RTA2-44-S980722P: 𝜇 =3.19, ζ=4.08, (OCT.14.2019), KTNSE (2019). 

 

Table 2. Figure E and Figure K of Tri-Axial and Axial: 𝜇=2.87, ζ=2.39, S980627P. 

No. 2 5 18 28 46 

Days 7 11 21 33 60 

E(kg/cm²)  10¸909 17¸857 16¸464 12¸500 4¸472 

K (t/cm) 32¸452 50¸829 24¸238 18¸402 13¸577 
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Table 3. Figure E and Figure K of Tri-Axial and Axial: 𝜇=2.39, ζ=3.90, S980720P. 

No. 23 26 32 35 47 

Days 1 4 9 14 36 

E(kg/cm²)  300 2¸727 6¸667 7¸738 10¸145 

K (t/cm) 702 5¸797 20¸423 23¸254 34¸230 

 

Table 4. Figure E and Figure K of Tri-Axial and Axial: 𝜇=3.19, ζ=4.08 S980722P. 

No. 25 TA2 34 39 44RTA2 45 51 

Days 2 7 12 20 34 34 37 

E  kg/cm2 3¸690 8¸065 11¸780 9¸400 6¸494 4¸032 5¸208 

K (t/cm) 10¸753 25¸117 26¸126 20¸317 21¸776 19¸386 15¸063 

 

Table 5. Figure E and Figure K of Tri-Axial and Axial: 𝜇=3.33, ζ=4.78, S980729P. 

No. TA3 33 38 42RTA3 43 49 

Days 5 5 13 27 27 30 

E(kg/cm²)  6¸265 7¸442 12¸162 6¸494 11¸993 15¸493 

K (t/cm) 19¸279 16¸649 26¸067 20¸307 29¸696 44¸807 

 

Comparison of Modulus of Elasticity in the Axial and Tri Axial Test  
Figures 2 and Figure 3 show the stress- strain curves as S980722P and S980729P 

through which the Modulus of Elasticity is obtained through the tangency of the σ-ϵ 

curve. It is common for stress-strain slopes to be extended over a wide angle which in 

itself is used as a measure for determining a modification in TSC strength behavior. A 

successful behavior of axial load curves. All curves have a tendency toward the 

maximum slope angle. In Figure 4, TA2-S980722P7 underwent a Tri-Axial test over a 

7day curing period.  

 

 
82 

Figure 4. TA2: II and Retest 44-RTA2-II-S980722P7-34 after ultimate loading.  
83 
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Figure 5. Retest 42-RTA3S980729P5-27 following immersion.  

 

TSC CRACK BEHAVIOR AND BROKEN PLANE STRESS  
   

Figure 6 shows broken samples upon which cracks are distributed over the exterior. 

Tensile stress or hook stress interact along the radial plane stress. Figure 6 demonstrates 

the effects of the radial stress and horizontal stress 𝜎 R which is spread along the 

cylindrical skin. TSC deformation is similar to the destruction of a thin-walled cylinder. 

Strain 𝜖 R enlarges into the plastic zone without being damaged. In Figure 6, skin cracks 

are detailed using samples 44RTA2S980722P7-34, 43S980729P27 and 64S980729P78 

respectively, which are indicative of hook stress via the waste plastic fiber.  

 

 
Figure 6. Plastic fiber behavior at a ratio of 83% Salt Water in cracking spread. 

 

Modulus of Toughness (MT) in the Axial and Tri Axial Test   
TSC maximum resistance is obtained through the values obtained in the Tri Axial test. 

Samples are put under pressure to achieve greater strength. MT values are depended 

on the Tri Axial Test and μTurk. Figure 7 demonstrate that MT behavior has a 

correlation relationship with the values of 𝜎 max and 𝜖 Z. In 2018, TSC was created using 

the ζTurk (0.50 to 1.50). In Table 6, MT increases with 𝜎 max, 𝜖 Z and the curing period. 

In Figure 1, waste plastic fibers (F) are added. 
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Table 6. MT of S980729P, 𝜇=3.33, ζ=4.78, Beer (2012), and Turk (2018a, 2018b). 

No. TA3(5day) 33(5d) 38(13d) 42RTA3(27d) 43(27day) 49(30day) 

𝜖 R % 4.995 0.754 0.723 0.846 1.009 0.873 

𝜎 max 66.5 34.8 49.6 32.4 68.8 53.3 

MT 2.15 0.17 0.22 0.33 0.42 0.31 

 

                𝑈𝑇𝑟𝑖𝐴𝑥𝑖𝑎𝑙 = ∫ 𝜎𝑅𝑢𝑝𝑡𝑢𝑟𝑒. 𝑑𝜖𝑍
𝜖𝑅

0
 ;    𝑈𝐴𝑥𝑖𝑎𝑙𝑇𝑒𝑠𝑡 = ∫ 𝜎𝑅𝑢𝑝𝑡𝑢𝑟𝑒 . 𝑑𝜖𝑍

𝜖𝑅

0
                             

 

 
Figure 7. MT ratios for 45S980722P34, 2 to 37 days. 

 

SSM GEOTECHNICAL ASPECTS     
   

The step stiffness method (SSM) interprets driving pile behavior at depth using the 

ASTM1143 static load test, Chellis (1951). In the loading stage (Figure 8) the curve 

develops a convex shape and in the unloading step, the curve output appears as a multi-

linear concave. These linear slopes define the axial stiffness of zones, I, II and III. The 

Micro pile unloading curve is divided into three zones, Turk (2004) and Ulrich (2004). 

Zone I is defined through the axial stiffness of soil grouting (Table 7). The modulus of 

Elasticity is shown in Table 7 and Table 8 respectively. 

 

 
Figure 8. Driving Precast Concrete Pile, 35×35cm2×32m, Turk (2001, 2008). 
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                       𝐸𝑇𝑆𝐶 𝐸𝑍𝑜𝑛𝑒𝐼 =
26

47
≅ 1

2
⁄  ;   𝐾𝑇𝑆𝐶 𝐾𝑍𝑜𝑛𝑒𝐼𝐼 =

44

65
≅ 3

5
⁄                               (8) 

 

Table 7. Micro pile Load Test, KZoneIII (t/cm), EZoneI ×103 (kg/cm²), Turk (2004). 

i 7A2 49L12 T79 F194 49L11 T80 T33 T2 F193 

KZoneIII -35 -31 -26 -29 +23 +12 +23 +22 +23 

EZoneI 47 63 68 109 74 118 124 157 178 

 

Table 8. TSC Samples KTSC=EA/L (t/cm), E×103 (kg/cm²), KTNSE (2019). 

No. X1:40C 12:12C 14:14C TA1:13C 37RT32 40:32 30:14CF 

KTSC 63 26 31 44 27 38 16 

ETSC 26 16 15 15 9 13 8 

 

Table 9. Precast Concrete Pile Load Test, KZoneII = KSoil (t/cm), Turk (2001). 

No. KQ9 KQ5 TB2 KO KQ15 TB1 KQ4  

KZoneIII 134 163 118 114 137 118 243  

KZoneII 11 16 24 25 28 30 65  

 INTERFACE GROUTING NEAR SHORELINES    
   

Saline water intrusion often occurs near river estuaries when the river outflow fails to 

prevents a backflow due to the head water potential (h) as seen in Figure 9. Equilibrium 

in the interface plane produces Equation 9 in the normal boundary condition, USGS 

(2003). If TSC grouting values are added to the equilibrium of Equation 11 then the 

coefficient β will be the parameter of stability for interface grouting in Equation 12. 

Equation 12 and Equation 13 introduce the function (h/Z) versus β, γf and γs. Figure 9 

to Figure 13 demonstrate the grouting values of f(h/Z) vs the normal condition where 

Z=40m changes into 30m, 20m and 10m.  

 

 
 Figure 9. Grouting operating in the interface at less than β= 0.15, USGS (2003).  

 

                              𝛽 =
𝐿𝑔𝑟𝑜𝑢𝑡𝑖𝑛𝑔

𝑍
⁄  ,   𝐿𝑔𝑟𝑜𝑢𝑡𝑖𝑛𝑔  ≪ 𝛽𝑍,                                           

 

                                   𝛽 = 0%, 5%, 10%, 12%, 15% 

0.0 ≤ β.Z ≤ 0.15Z 
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                                       ∑ 𝑓𝑋
𝑧2=ℎ+𝑍
𝑧1=0 = 0     

𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙
⇒                                                          (9) 

 

 

                             (ℎ + 𝑍). 𝛾𝑓𝑟𝑒𝑠ℎ × 1 ×
1

2
𝑍 =

1

2
𝑍2𝛾𝑆𝑎𝑙𝑡𝑦                                                      (10) 

 

 

                                             f (
ℎ

𝑍
)
𝑇𝑢𝑟𝑘

=
𝛾𝑠

𝛾𝑓
(1 − 𝛽2) − 1                                             (11) 

                                

                              h 𝑍⁄  = 0.025      and β = 0.0 
𝑍=40𝑚
⇒    ℎ = 100𝑐𝑚                         

     

                              h 𝑍⁄  = 0.01024 and β = 0.15 
𝑍=40𝑚
⇒    ℎ = 7.8𝑐𝑚              

 

                             h 𝑍⁄  = 0.01475  and β = 0.10 
ℎ=20𝑚
⇒    ℎ = 30𝑐𝑚                                                 

 

 
Figure 10. Comparison of f(h/Z) values with coefficient β, USGS (2003). 

 

 
 Figure 11. Zone of diffusion isolated by TSC injection, Lenntech (2021). 
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Equation 9 to Equation 13 conclude that TSC grouting can decrease the Z depth.  

 

 
Figure 12. Salt Dome shoreline of GOTVAND reservoir will injected by TSC.  

 

  
Figure 13. TSC isolation of saline water drains along KARUN River.  

 

SEM IMAGES 
   

Figure 14 and Figure 15 represent the SEM images of 46-S980627P60 with 0.27% 

plastic fiber (P), ζTurk=2.39 and a 60 day curing period. Pictures taken to study the micro 

behaviors of TSC adhesiveness are presented as Figure 14 which shows waste plastic 

fiber details at a scale of 20μm and Zone Mag= 500 X, CENLAB (2019). It appears 

that the plastic fibers in the TSC amalgamate with the salt crystals thus creating an 

entity similar to a salt mummy, the literature believe that this process might be similar 

to the embalming procedure used in ancient societies, Waltari (1945) and Saltmen 

(1993). Figure 15 shows details of salt and fiber adhesion (crystallization). The fibers 

merge into salt concrete in as such that the materials cannot be distinguished. Figure 

15 shows a 10μm scale plastic fiber encased in salt and completely merged into it.  
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Figure 15. Mummify of plastic fibers, 46-P60, 𝜇 =2.87, ζ=2.39, CENLAB (2019). 

 

CONCLUSION 
 

At the beginning of the current study, ζTurk was approximately at a ratio of 0.80; 

however this ratio increases up to 4.1, 4.80 and 5.65 in 2019 and 5.67, 6.13 to 6.69 in 

2020. These values are very significant and indicate the success of the TSC mixture 

design. In fact, more than 83% (to 87%) of the ingredients of TSC come from salt water 

whatsmore with the increase in salinity, the compressive strength of the TSC also 

increases, Figure 2, Figure 3, and  Figure 6. The modulus of elasticity behavior is 

obtained through Figure 2 to Figure 3. Figure E is calculated as per Table 1 to Table 5 

and Table 8. The modulus of elasticity based on its salt ratio increases. Tri-axial test 

pressure shows that the higher compressibility of samples greatly improves the 

elasticity and other properties of the TSC. It is recommended in along coastlines high-

pressure grout injection be performed in several stages from low to high (1atm to 

5atm); thus, TSC can be modified in shallower depths through the grouting curtains. 

This method can increase grout injection efficiency. TSC has the ability to repair itself 

after an initial crack, and will regain its initial strength after a few days. Cracks are 

repaired by the TSC after sliding. This fact is illustrated by Figure 2, (44RTA2, 7-34), 

Figure 3, (42RTA3S980729P7-27), Figure 4, Figure 5, Figure 7, Table 4, (44RTA2) 

and Table 8. This property is very useful in shoreline stabilization, land sliding, beach 

erosion and coastal protection structures. Only TSC can isolate submerged layers near 

beaches, along coastlines, for salt ridges, GHACHSARAN Formations (SW of IRAN) 

and permeable industrial and agricultural drainage canals. The total cost of TSC 

injection near the shoreline is less than USD $3.5 per square meter, which is an 

attractive economic factor for the financing of protection of freshwater aquifers. SEM 

images were used to show the extent of adhesion in TSC at higher resolutions. The 

TSC samples are remarkably mixed and difficult to separate. Plastic fiber is encased 

by the salt which merges with it. Salt crystallization shown through SEM imaging is 

indicative of the uniform arrangement of the ions. 
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