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Abstract

:

The global market for tires is ever-growing, and partially replacing sand with crumb rubber (CR) as fine aggregates in concrete could reduce environmental pollution. However, the main barrier to the complete usage of recycled tire crumbs in construction is the deterioration effect of CR on the mechanical properties of cement-based composites. Therefore, this paper attempts to improve the fresh and hardened properties of crumb rubber mortar (CRM) by incorporating polypropylene-polyethylene synthetic fibers with coconut and kenaf natural fibers as reinforcements. A total of 18 mix designs were developed with varying fiber combinations and rubber crumb replacement. Subsequently, parametric studies with chemical admixture were conducted at 3, 7, and 28 days to improve the flowability and resulting mechanical properties of the fiber-reinforced CRM. According to the results, the single and hybrid fibers positively improved the mechanical properties of cement mortar at 5–15% CR replacement. It can be concluded that adding single and hybrid fibers enhanced the performance of cement mortar modified with tire crumb rubber aggregates by providing varying degrees of improvement.
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1. Introduction


There are 1.5 billion end-of-life tires (ELTs) produced each year globally, with approximately four billion more in landfill and stockpiles worldwide [1,2]. It was reported that only 5% of ELTs are recycled or reused in the civil engineering industry. ELTs have enormous potential to be used as construction materials to reduce pollution, waste landfills, and the consumption of virgin materials [3,4]. However, several barriers have prevented the complete application of ELTs in construction. One of the significant barriers is the deterioration of the mechanical properties of concrete [5].



ELTs in the form of CR aggregates have been shown to reduce the compressive [6,7], flexural [8,9], and tensile [10,11] strength of concrete. The deterioration is due to CR’s low modulus of elasticity that generates air voids when deformed under pressure. In addition, the weak interfacial bond of CR leads to the debonding of these rubberized aggregates with cement due to the greater deformation capacity of viscoelastic CR in an elastic rigid cement matrix [12]. Several findings have also found that the workability in CR concrete can be improved by adjusting the aggregate gradation [13] and combining it with supplementary cementitious materials (SCMs) [14,15]. Furthermore, water is repelled from the surface of CR, creating air pockets that reduce friction between the CR aggregates and cement in fresh concrete, thus resulting in improved workability [16]. To summarise, the deterioration in strength caused by CR limits the application of cementitious composites containing CR to non-structural applications [17].



In recent years, investigations into improving CR through chemical and physical treatments have been widely conducted to improve the adhesion between CR aggregates and cement. Treatments such as pre-coating with cement paste [18], polyvinyl alcohol and sodium hydroxide [19], silane coupling agents [20], and sulfur compounds [21] successfully improved the performance of CR in cement composites. However, these methods produced minimal improvements and were challenging to recreate during concrete production [5]. Additionally, improvements using SCM were also investigated for the effects on CR concrete. The incorporation of silica fume, fly ash, and metakaolin slightly enhanced the mechanical properties of CR cement composites [22,23]. However, the combinations of multiple SCMs in CR concrete have also been reported to reduce the compressive strength of CR concrete [24].



A more straightforward approach to improving CRM can be similarly accomplished using fibers. Fibers are hair-like strands added into concrete mixtures as a crack-bridging reinforcement in cement composites. The usage of fibers is practical, economical, and more effective in enhancing the mechanical properties of various building materials [25,26,27,28]. The ‘fiber-bridging’ effect evokes the multitracking phenomenon, which prevents the convergence and propagation of microcracks into a singular large crack, thus improving the global mechanical properties. Previous findings have reported that the combination or hybridization of two or more different types of fibers in cement composites yielded even greater performance than single fibers [29,30]. Multiple fibers with diverse sizes, lengths, volume fractions, bonding powers, materials, and geometric forms would provide better reinforcing capabilities than single fibers with identical physical properties.



Hence, this research investigates the reinforcing effect of single and hybrid fiber combinations on the mechanical properties of cement composites incorporating CR. Although the uses of fibers in concrete have been studied in detail, sufficient attention has not been given to the fundamental investigation of fibers in mortar. According to Lawler [31], fibers can only exist in cement paste. Therefore, the mechanics of failure and the reinforcing capabilities of fibers can be observed and interpreted more accurately without coarse aggregates in CR cement mix [32,33]. The fiber reinforcements in this investigation should be observed, analyzed, and validated in a mortar before further applications in concrete or other building materials.




2. Methodology


2.1. Materials


The cement used in this study is type II ordinary Portland cement (OPC) with a specific gravity of 3.15 and particle size distribution of 1.2 µm (D5%), 18 µm (D50%), and 67 µm (D95%). The chemical composition consists of tricalcium silicate (3CaO·SiO2), dicalcium silicate (2CaO·SiO2), and tetra-calcium aluminoferrite (4CaO·Al2O3Fe2O3), which complies with the ASTM C150 standard specification for Portland cement [34]. Additionally, the fine aggregates were sourced from river sand and conformed to the ASTM C778 standard specification for standard sand [35], while the crumb rubbers were obtained from recycled tire scraps that had been ground to the same consistency as that of sand. A particle sieve analysis was conducted for the fine aggregates using the ASTM C136 standard test method for sieve analysis of fine and coarse aggregates [36]. The size distribution curves are shown in Figure 1. Potable water was used for mixing and curing according to the ASTM C1602 standard specification for mixing water used in the production of hydraulic cement concrete [37].



The synthetic fibers are polypropylene-polyethylene blend fibers in a twisted bundle form with a standard length of 3 cm. The natural fibers are kenaf and coconut fibers extracted from the waste of textile materials and coconut husk, respectively. Kenaf was chosen as one of the natural fiber reinforcements because the textile industries generate huge kenaf waste during textile manufacturing. Similarly, the production of coconut products contributes to a sizeable amount of waste worldwide in the form of coconut husks. Recycling both waste fibers in cement or combining them with synthetic fibers could reduce the generated carbon footprint of the materials. The kenaf and coconut fibers were washed separately in a concrete mixer with soap and water. The water was continuously replaced during rolling in the mixer until clear and odorless water could be observed. The fibers were then dried and cut into approximately 3–5 cm before being stored in containers. All the supplementary raw materials used in this study are shown in Figure 2.



A naphthalene-sulfonate-based chemical admixture was added to the mortar mixture to address the workability issues commonly associated with using fibers in cement composites. Adding admixtures would ensure less porous, workable, and evenly distributed fibers in CRM [38,39]. The admixture is categorized as a type F superplasticizer under the ASTM C494 standard specification for chemical admixtures for concrete [40].




2.2. Mix Proportion


In this investigation, fibers are used as reinforcements to improve the mechanical performance of CRM at 5%, 10%, and 15% crumb rubber replacement. A total of 18 mortar mixes were designed to observe the behavior of CRM containing no fibers, a single fiber, and hybrid fiber combinations. The volume fractions of the fiber in the CRM were fixed at 0.6% for single fibers and 1.2% for hybrid fibers, as shown in Table 1. For the hybrid fiber combinations, the primary load-bearing fibers were synthetic fibers, while the secondary fibers were kenaf or coconut fibers. A cement-aggregate ratio of 1:1.65 and water-cement ratio of 0.60 was selected for the CRM, with the full mix proportions shown in Table 2.



The range of crumb rubbers was taken from previous research by Li et al. [41], and the range of the various fibers was extracted from a study on fibers in cement composites utilizing tire crumbs by Farah et al. [42]. The range of admixtures was incrementally increased from 04% to 3.2% to correspond proportionately to the crumb rubber replacements.




2.3. Mixing Sequence


The mixing procedure follows the specification outlined in the ASTM C305 standard practice for mechanical mixing of hydraulic cement pastes and mortars of plastic consistency [43]. However, extra steps were taken to add crumb rubbers and fibers into the mixture. The crumb rubbers were pre-mixed with sand before being poured down into the mixing bowl, while one-third (1/3) of the fibers were dispersed consistently between the placement of water, cement, and fine aggregates.




2.4. Experimental Test


The workability test conducted was based on the ASTM C1437 standard test method for flow of hydraulic cement mortar [44], and the equipment used complied with the ASTM C 230 standard specification for flow table for use in tests of hydraulic cement [45].



Additionally, the densities for the various CRM mix designs were recorded before each destructive test. It is calculated by taking the weight of the hardened specimens and dividing it by the volume.



For the compressive tests, the ASTM C109 standard test method for compressive strength of hydraulic cement mortars [46] was referred to with a total of 162 cubes. The 50 × 50 × 50 mm-sized cubes were moist-cured for 3, 7, and 28 days and crushed at a loading rate of 0.75 kN/s.



The flexural strength test was conducted on 162 prisms following the ASTM C348 standard test method for flexural strength of hydraulic cement mortars [47]. The specimen size was 40 × 40 × 160 mm, and the loading rate was 0.5 mm/min. The specimens were cured in a water tank for 3, 7, and 28 days.



The tensile strength was assessed using the ASTM C496 standard test method for splitting tensile strength of cylindrical concrete specimens [48]. The 100 × 200 mm cylinder specimens were moist-cured for 3, 7, and 28 before being tested under a universal testing machine (UTM) at a rate of 2.35 kN/s. Photos of the experimental setup for all of the conducted tests in this research are shown in Figure 3.





3. Results and Discussion


3.1. Workability


The flowability results of fresh CRM paste with fibers are shown in Figure 4. Generally, the flowability of CRM with and without fibers decreased proportionately as the crumb rubber volume increased. It can be observed that CRM containing coconut fibers displayed the highest flowability at 10% replacement with minimal reduction in flow at 5% compared to CRM with no fibers. Farah et al. [42] reported that the improvement is due to the high volume of mineral aggregates in the CRM sample, which allows water to flow between the mineral aggregates.



The reduction in flowability due to crumb rubber is consistent with the findings from Khatib and Bayomy [17], Güneyisi et al. [23], and Khaloo et al. [49], who highlighted the water-repellant nature of crumb particles as the significant reason. However, the addition of admixture managed to reduce the fiber-reinforced CRM decline in flowability by an average of 22%, 13%, and 45% for a 5%, 10%, and 15% crumb rubber replacement, respectively.



CRM reinforced with fibers has low flowability because of the varying water absorption capacity of the embedded fibers. Kenaf and coconut are hydrophilic fibers that absorb water [50,51] which increases the water demand of the CRM paste and reduces the overall flowability. In addition, polypropylene and polyethylene fibers are hydrophobic materials that repel water during mixing [52,53] and, when combined with CR, result in water bleeding during paste compaction. Hannant [54] also found that an increased volume fraction of fibers would significantly affect the behavior of cement paste. Thus, the hybrid fiber combinations at 1.2% volume fraction were observed to produce a considerable decrease in flowability compared to their single-fiber counterpart at 0.6%.




3.2. Density


Figure 5 shows the recorded densities for all of the mortar specimens in this study. It can be observed that the density of CRM is inversely proportional to the tire crumb content. Crumb rubbers have a lower density, and partially replacing sand with higher contents of crumb rubber would reduce the CRM relative density. The decline is apparent for CRM without fibers; a decrease between 11–14% to conventional plain mortar was noticed at 5%, 10%, and 15% crumb rubber replacements.



Subsequently, it can be concluded that fibers in CRM do not significantly affect the hardened density of the specimens. A 4.53% difference in density was observed between CRM with and without fibers, while a 4–5% difference was observed between hybrid and single fibers at 0.6–1.2% fiber volume fraction. The negligible differences resulted from the low specific gravity of kenaf, coconut, and synthetic fibers [55,56,57]. Additionally, the difference in thickness along the length of the fibers caused differences in volumetric quantity and their ability to occupy space in the mortar matrix [42]. The differences justify the minimal variation in density for CRM with the same fiber mix design.




3.3. Compressive Strength


The reinforcement effects of fibers in compressive strength at 5–15% CR content are shown in Figure 6. For single fiber reinforcements, it can be deduced that kenaf fibers performed the worst in CRM, with a 7–37% deterioration in compressive strength for all levels of CR content. The decline is consistent with previous findings, which recorded a typical compressive strength reduction of 10–53% for kenaf-reinforced cement composites [58,59,60,61]. The compressive strength degradation in CRM can be attributed to the agglomeration of kenaf fibers which results in reduced fresh paste workability and excessive air entrapment [62].



Additionally, the optimal performance of synthetic fibers was recorded at 10% CR content with a slight 1–11% increase in compressive strength compared to the CR10 (no-fibers) mix design. However, loss in compressive strength and minimal strength gain was observed at 5% and 15% CR replacement. Previous findings found that polypropylene and polyethylene fibers equally reduce [63,64] and increase [65,66] the compressive strength of cement-based materials. The inability of synthetic fibers in this study to provide significant improvement is due to the low elasticity modulus of CR aggregates which results in early cracking of the CRM under loads [42]. The void created by the deformed CR would reduce the contact surface surrounding the embedded synthetic fibers, directly affecting the fiber-mortar interfacial bond.



Coconut fibers provide the best single-fiber reinforcing capabilities for CRM under compression. An improvement was observed between 19–57%, with a steep inclination in strength gain at 5–15% CR replacement. Baruah and Talukdar [67], Ali et al. [68], and Slate [69] reported similar findings in their study on mortar paste and concrete.



For hybrid fibers, the strength gain for the synthetic-coconut hybrids improved over a prolonged period resulting in a 13–50% compressive strength improvement over time. The average compressive strength of the hybrid is 8% weaker than coconut fiber but 34% better than synthetic fiber-reinforced CRM. Therefore, a zero synergistic effect can be concluded as the fiber combination did not equally improve nor deteriorate the compressive capability of both its single-fiber counterparts. Adversely, the synthetic-kenaf hybrids produced a low gain in strength at 5–10% CR replacement that only displayed a significant 11–44% improvement at 28 days of age. The hybrid, on average, performed 48% better than the kenaf fibers and 37% better than the synthetic fibers CRM. Positive fiber synergy can be deduced as the hybrid combination equally improved its single-fiber counterparts.



According to the results, the hybrid fiber combinations provided better reinforcement in compression at high levels of CR replacement compared to the single fibers.




3.4. Flexural Strength


The flexural strength of fiber-reinforced CRM is shown in Figure 7. It can be observed that the addition of fibers deteriorated the performance of CRM. For single fibers, the worst decline in flexural strength was displayed by CRM reinforced with synthetic fibers. Minimal strength gain over time, with a 12–35% decrease in flexural resistance, was observed at all levels of CR content. Similar findings were reported by Mashrei et al. [70] and Turlanbekova and Kaish [71], who concluded that adding polypropylene and polyethylene fibers higher than 0.3% volume fraction would drastically reduce the flexural strength of cement composites.



In addition, it was found that kenaf and coconut fibers were not able to substantially improve the flexural performance of CRM at 5–15% CR replacement. The low adhesions of CR aggregates in cement paste result in CR’s debonding with cement under flexure [72]. The weak adhesion changes the mechanics of fiber-failure to matrix cracking instead of other effective failures such as fiber bringing or pullout. Aillo and Leuzzi [73], Toutanji [74], and Farah et al. [42] discovered a similar flexural strength reduction when using CR particles as mineral aggregate replacement.



However, a slight increase in flexural strength was observed for coconut fiber CRM at 28 days for 10–15% CR content. Initially, the fibers displayed minimal gain in strength over time, but they gradually improved with increasing CR replacement. The improvements can be attributed to the rough surface of coconut fibers which improved the fiber interfacial adhesion within the CRM matrix [75,76].



In the case of hybrid fibers, only the synthetic-coconut hybrids improved the flexural strength at 28 days for 15% CR replacement. Compared to its single-fiber counterparts, the synthetic-coconut hybrids, on average, performed 19% better than the synthetic fibers but were 3% weaker than the coconut fiber CRM. A zero-fiber synergistic effect can be deduced as the net improvement neither improves nor deteriorates the flexural capability of its singly reinforced CRM counterpart. Alternatively, synthetic-kenaf hybrids resulted in a substantial loss in flexural strength with minimal strength gain over time. The hybrid combination amplified the negative traits of kenaf and synthetic fibers in CRM. It can be concluded that the hybrids resulted in a negative fiber synergistic effect in flexure because of the deterioration to CRM that is worse than its single-fiber counterparts.




3.5. Tensile Strength


The improvements in tensile behavior for the CRM-reinforced fibers are shown in Figure 8. According to the results, it can be deduced that adding fibers increased the tensile strength of plain CRM with varying intensity. In tension, the inclusion of kenaf fibers resulted in a 3–14% increase at 15% CR replacement and an approximately 4–34% deterioration at 5–10% CR replacement. The decrease is caused by the cluttered strands of kenaf fibers that tend to ball up during mixing. The balling effect has been known to cause non-homogenous fiber dispersion in a matrix and produce cement composites with low tensile strength [77].



CRM reinforced with synthetic fibers produced a 6–50% tensile strength improvement at 5% CR replacement but reduced the strength by 7–30% at 10–15% CR content. Several authors have also reported a decrease in tensile strength with an increase in synthetic [66] and natural [42] fibers. Additionally, a trend can be observed for both the synthetic and kenaf fiber CRM whereby the tensile strength deteriorated at higher levels of CR content (10–15%). The decline can be correlated with using CR as a sand replacement. Previous studies have shown that CR has weaker interfacial bonds in cement composites [78]. The low matrix adhesion induces fiber slippage, which lowers the split tensile strength of fiber-reinforced CRM.



The best CRM tensile performance for a single fiber is produced by coconut fibers, with an average increase of 2–39% at all levels of CR content. The rough fiber surface and low CRM matrix adhesion allow a gradual fiber pullout failure which releases more energy and improves the CRM’s tensile strength.



For the hybrid fiber combinations, the performance of synthetic-kenaf hybrids in tension exceeded all the other fiber reinforcements in this study. A steep gain in strength was observed with a tensile strength 1.96 times superior to plain CRM at 5–15% of CR substitution. A positive fiber synergy can be concluded as the tensile strength was approximately 2.28 times better than the kenaf fibers and 2.14 times better than the synthetic fibers. Additionally, the synthetic-coconut hybrids improved the plain CRM’s tensile strength performance by 1–26%, with a more gradual gain in strength over time than the synthetic-kenaf hybrids. Positive hybridization synergy can be inferred as the average tensile strength performance for the synthetic-coconut hybrid is 2% better than its coconut fiber counterpart and 16% better than the synthetic fiber-reinforced CRM.





4. Conclusions


This research evaluates the reinforcement effect of single fibers (kenaf and synthetic, coconut) and hybrid fibers (synthetic-kenaf and synthetic-coconut) on the fresh and hardened properties of cement mortar with 10–15% CR replacement of sand as fine aggregates. Chemical admixtures were added between 0.4–3.2% to correspond with the increasing CR content and improve the fresh paste workability. Subsequently, the effects on compressive, flexural, and tensile strength were observed at 3, 7, and 28 days of curing age. For the hybrid fibers, an attempt was made to deduce the synergistic effect between the fiber combinations and classify it into negative, zero, or positive synergy. The conclusions are as follows.



	
In fresh paste workability, the addition of 0.4–3.2% admixture for 5–15% CR replacement resulted in an average of 27% flowability reduction for all types of fiber reinforcements. It can be observed that increasing the volume of CR aggregates reduces the paste flowability more than adding fibers. Flowability reductions caused by fibers are minimal and only observed when the volume fraction of fibers (Vf) in the CRM is increased.



	
In compression, the average performance of the coconut fiber is 27% better than the plain CRM while the addition of kenaf and synthetic fibers deteriorated the compressive strength by 17% and 13%. For the hybrid fibers, the synthetic-coconut and synthetic-kenaf combinations are 18% and 16% stronger than the plain CRM. Hence, the best single fiber reinforcement is coconut fiber, while the best reinforcement for hybrid fibers is in the order of synthetic-coconut > synthetic-kenaf.



	
In flexure, the addition of single fibers weakened the plain CRM by an average of 4% (coconut), 13% (kenaf), and 22% (synthetic). The hybridization between the fibers further deteriorated the unreinforced CRM by 84% (synthetic-coconut) and 70% (synthetic-kenaf). It can be concluded that the addition of fibers did not improve the flexural strength of the cement composites containing crumb rubber aggregates.



	
In tension, the average improvements delivered to the plain CRM by coconut and synthetic fiber reinforcement are 10% and 0.10%, respectively. Kenaf fibers deteriorated the tensile strength of the unreinforced CRM by 9%. For the hybrid fibers, the performance is 10% (synthetic-coconut) and 194% (synthetic-kenaf) superior to plain CRM. As a result, the most effective reinforcement for a single fiber is in the order of coconut > synthetic, while the most effective reinforcements for the hybrid fibers are synthetic-kenaf > synthetic-coconut combinations.
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Figure 1. Grading curves for sand and crumb rubber aggregates. 
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Figure 2. Raw materials used in this study. (a) Kenaf fibers. (b) Coconut fibers. (c) Synthetic fibers. (d) Chemical admixture. (e) Crumb rubber aggregate. 
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Figure 3. Test setup for experimental testing. (a) Indirect tensile strength test. (b) Flexural strength test. (c) Flowability test. (d) Compressive strength test. 
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Figure 4. Flowability of CRM containing 0–1.2% fibers. 






Figure 4. Flowability of CRM containing 0–1.2% fibers.



[image: Fibers 11 00009 g004]







[image: Fibers 11 00009 g005 550] 





Figure 5. The density of CRM specimens. (a) Total cube density. (b) Total prism density. (c) Total cylinder density. 
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Figure 6. Compressive strength comparison for fiber-reinforced CRM at 3, 7, and 28 days. (a) 5% CR replacement. (b) 10% CR replacement. (c) 15% CR replacement. 
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Figure 7. Flexural strength comparison for fiber-reinforced CRM at 3, 7, and 28 days. (a) 5% CR replacement. (b) 10% CR replacement. (c) 15% CR replacement. 






Figure 7. Flexural strength comparison for fiber-reinforced CRM at 3, 7, and 28 days. (a) 5% CR replacement. (b) 10% CR replacement. (c) 15% CR replacement.



[image: Fibers 11 00009 g007]







[image: Fibers 11 00009 g008 550] 





Figure 8. Tensile strength comparison for fiber-reinforced CRM at 3, 7, and 28 days. (a) 5% CR replacement. (b) 10% CR replacement. (c) 15% CR replacement. 
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Table 1. Admixture and fiber combinations.
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No.

	
Designation

	
Crumb Rubber (%)

	
    Fiber   Volume   Fraction ,    V f    ( % )    

	
Total Fiber

Volume

Fraction, Vf (%)

	
Admixture

(%)




	
Synthetic

Fibers

	
Coconut

Fibers

	
Kenaf

Fibers






	
1

	
CR5

	
5

	
-

	
-

	
-

	
-

	
0.4




	
2

	
CR10

	
10

	
-

	
-

	
-

	
-

	
0.6




	
3

	
CR10

	
15

	
-

	
-

	
-

	
-

	
3.2




	
4

	
C5K6

	
5

	
-

	
-

	
0.6

	
0.6

	
0.4




	
5

	
C10K6

	
10

	
-

	
-

	
0.6

	
0.6

	
0.6




	
6

	
C15K6

	
15

	
-

	
-

	
0.6

	
0.6

	
3.2




	
7

	
C5C6

	
5

	
-

	
0.6

	
-

	
0.6

	
0.4




	
8

	
C10C6

	
10

	
-

	
0.6

	
-

	
0.6

	
0.6




	
9

	
C15C6

	
15

	
-

	
0.6

	
-

	
0.6

	
3.2




	
10

	
C5F6

	
5

	
0.6

	
-

	
-

	
0.6

	
0.4




	
11

	
C10F6

	
10

	
0.6

	
-

	
-

	
0.6

	
0.6




	
12

	
C15F6

	
15

	
0.6

	
-

	
-

	
0.6

	
3.2




	
13

	
C5F6K6

	
5

	
0.6

	
-

	
0.6

	
1.2

	
0.4




	
14

	
C10F6K6

	
10

	
0.6

	
-

	
0.6

	
1.2

	
0.6




	
15

	
C15F6K6

	
15

	
0.6

	
-

	
0.6

	
1.2

	
3.2




	
16

	
C5F6C6

	
5

	
0.6

	
0.6

	
-

	
1.2

	
0.4




	
17

	
C10F6C6

	
10

	
0.6

	
0.6

	
-

	
1.2

	
0.6




	
18

	
C15F6C6

	
15

	
0.6

	
0.6

	
-

	
1.2

	
3.2
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Table 2. Mix proportions for fiber-reinforced CRM.
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	No.
	Designation
	Cement

(g/m3)
	Sand

(g/m3)
	Crumb

Rubber (g/m3)
	Synthetic Fibers (g/m3)
	Coconut Fibers (g/m3)
	Kenaf Fibers (g/m3)
	Water

(g/m3)
	w/c

Ratio
	Admixture

(g/m3)





	1
	CR5
	1999.36
	3298.94
	-
	-
	-
	-
	1199.61
	0.6
	-



	2
	CR10
	1999.36
	3133.99
	164.95
	-
	-
	-
	1151.63
	0.6
	8.00



	3
	CR15
	1999.36
	2969.04
	329.89
	-
	-
	-
	1127.64
	0.6
	12.00



	4
	C5K6
	1999.36
	2804.10
	494.84
	-
	-
	-
	1103.64
	0.6
	63.98



	5
	C10K6
	1999.36
	3133.99
	164.95
	-
	-
	12.00
	1151.63
	0.6
	8.00



	6
	C15K6
	1999.36
	2969.04
	329.89
	-
	-
	12.00
	1127.64
	0.6
	12.00



	7
	C5C6
	1999.36
	2804.10
	494.84
	-
	-
	12.00
	1103.64
	0.6
	63.98



	8
	C10C6
	1999.36
	3133.99
	164.95
	-
	12.00
	-
	1151.63
	0.6
	8.00



	9
	C15C6
	1999.36
	2969.04
	329.89
	-
	12.00
	-
	1127.64
	0.6
	12.00



	10
	C5F6
	1999.36
	2804.10
	494.84
	-
	12.00
	-
	1103.64
	0.6
	63.98



	11
	C10F6
	1999.36
	3133.99
	164.95
	12.00
	-
	-
	1151.63
	0.6
	8.00



	12
	C15F6
	1999.36
	2969.04
	329.89
	12.00
	-
	-
	1127.64
	0.6
	12.00



	13
	C5F6K6
	1999.36
	2804.10
	494.84
	12.00
	-
	-
	1103.64
	0.6
	63.98



	14
	C10F6K6
	1999.36
	3133.99
	164.95
	6.00
	6.00
	6.00
	1151.63
	0.6
	8.00



	15
	C15F6K6
	1999.36
	2969.04
	329.89
	6.00
	6.00
	6.00
	1127.64
	0.6
	12.00



	16
	C5F6C6
	1999.36
	2804.10
	494.84
	6.00
	6.00
	6.00
	1103.64
	0.6
	63.98



	17
	C10F6C6
	1999.36
	3133.99
	164.95
	6.00
	6.00
	6.00
	1151.63
	0.6
	8.00



	18
	C15F6C6
	1999.36
	2969.04
	329.89
	6.00
	6.00
	6.00
	1127.64
	0.6
	12.00
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