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ABSTRACT

Soft soils are well known for their low strength properties, high compressibility and high swell-shrinkage characteristics. Thus, they are inappropriate for building foundation or for other geotechnical works. Deep cement mixing has recently been used to face these problems by improving the strength and reducing the deformation of soft soils. The present study examines the parameters which influence significantly the strength of a cement stabilized soil. These are: the water and sand content, the liquid limit, the amount of the added cement and curing time. A comprehensive laboratory work was carried out in order to study the compressive strength of nine different silty-clay soils stabilized with various quantities of cement. The laboratory results were used for the development of a non linear regression equation that best relates the compressive strength of a stabilized soil to the aforementioned parameters considered as descriptor variables. 

KEYWORDS: Soil stabilization, compressive strength, regression model

INTRODUCTION

The Deep Mixing Method (DMM) is today accepted world-wide as a soil improvement method which is performed to improve the strength, deformation properties and permeability of the soil. It is based on mixing binders, such as cement, lime, fly ash and other additives, with the soil by the use of rotating mixing tools in order to form columns of a hardening material since pozzolanic reactions between the binder and the soil grains are developed. The most common binder that is used in DMM, because of its appreciable effect on improving the soil properties, is cement.

This method is often applied on many geotechnical and foundation applications such as the stabilization of deep excavations or high embankments, the reduction of settlement or the increase of soil strength for building foundation, the slope stability, the tunnel support, the water retention etc. The strength of soil-cement mixture (the most common binder that is used in DMM) is influenced from many parameters like physicochemical properties of the soil, geological and hydrogeological conditions of the area, the properties and the quality of the used binder or the additive, the mixing method and consequently the mechanical equipment, the curing conditions (Porbaha, 2000). Because of the aforementioned parameters, a significant deviation between the laboratory measurements of strength of soil-cement specimens and the corresponding one taken from in situ is usually observed.

A significant research has been done from Omine and Ohno (1997) concerning the estimation of the in situ compressive strength based on laboratory measurements of compressive strength and other parameters obtained from the construction phase of soil-cement column. The model which is suggested has a good approach. Consequently, the measurement of the strength of soil-cement mixtures in laboratory and the determination of the parameters which affect it is still very important for the estimation of strength of mixture in situ (Porbaha, 2002).

The objective of the present paper is to develop a new model, based on regression analysis, for predicting the compressive strength of a cement stabilized soil under laboratory conditions from parameters such as liquid limit (wL)of the soil, water content (w), percentage of the added cement, sand content and curing time which strongly affect its value. The quality of cement was not taken into account on the proposed model, since previous studies has shown that it has a limited influence on the strength of the stabilized soil (Ahnberg et al., 2003).
Materials used-laboratory procedure

The soil type can affect significantly the efficacy of cement stabilization (Puppala et al., 2003). For this reason, nine types of soils were stabilized with different quantities of cement in order to obtain a large variation of compressive strength values. Seven of the soils were inorganic clays of high plasticity (CH) with some of them containing considerable amount of (SO4)-2, one soil was inorganic clay of medium plasticity (CI) and one soil was organic clay of high plasticity (OH) containing 10% of organic material. Table 1 represents the basic geotechnical properties of the used soils. Portland cement with blaine fineness of 4,500cm2/g, specific mass of 3.15g/cm3 and 28-day compressive strength of 45 MPa, was used for stabilization experiments. Soils were treated with cement dosages ranging from 5 to 30% by dry unit weight of soil. Cement-soil specimens tested in unconfined compression were prepared by initially mixing the relevant quantities of dry soil and water for at least 5 minutes with a high rotating stirrer; the cement was then added to the mixture and further mixing was performed until it was homogeneous in appearance. Cylindrical specimens were prepared by pouring the soil-cement material into moulds, 35.5mm in diameter and 71mm height (ASTM, 1996). Compressive strength tests were performed under a constant strain rate of 0.6604 mm/min. Table 2 shows the curing time of soil-cement mixture specimens and the percentage of water-cement addition.

Results and discussion

Figures 1(a)-(c) present the compressive strength values of different soils stabilized with cement dosages ranging from 5 to 30% by dry weight of soil at 7, 28 and 90 days of curing. A significant variation of strength values for all ages  of curing and for all cement dosages is
Table 1. Basic properties of the tested soils

Properties
S1
S2
S3
S4
S5
S6
S7
S8
S9

Depth (m)
10-12
10-15
3-6
2-5
3-5
10-15
15-20
10-15
10-15

Density (t/m3)
1.592
1.668
1.55
1.52
1.23
1.62
1.596
1.644
1.67

Unit weight of solids (t/m3)
2.67
2.7
2.72
2.73
2.36
2.87
2.8
2.76
2.85

Liquid limit (%)
87
43.54
70
66
170
69.4
69
70.6
73.96

Plastic limit (%)
35
25.32
24
23
64
26.7
27.9
28.4
28.92

Plasticity Index (%)
52
18.22
46
43
106
42.7
41.1
42.2
45.04

Silt-clay content(%)
90
67
63
72
80
90
93
89
91

Sand content(%)
10
33
37
28
20
10
7
11
9

Soil characterization
CH
CI
CH
CH
OH
CH
CH
CH
CH

Ph
8.7
8
7.6
8.7
8.5
7.96
8.2
8.13
8.08

SO4-2 (%)
0.17
0.07
0.05
0.18
0.2
0.06
0.11
0.1
0.1

Table 2. Curing time of specimens and the percentage of water-cement addition

Soil
Water addition 

(% by weight of dry soil)
Cement addition 

(% by weight of dry soil)
Curing time

 (days)

S1
110

137
5

10

20

30
7

28

90

S2
60
5

10

20

30
7

28

90

S3
78
6,5
7

28

90

S4
89
6,5
7

28

90

S5
220
8,5
7

28

90

S6
25,3
5

10
7

28

90

S7
27
5

10
7

28

90

S8
27,5
5

10
7

28

90

S9
26
5

10
7

28

90
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Figure 1. Variation of compressive strength of soil specimens stabilized with different amounts of cement: (a) 7 days; (b) 28 days and (c) 90 days.
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Figure 2. Compressive strength of soil specimens stabilized with 5 and 10% cement in relation to the consistency index: (a) 7 days; (b) 28 days and (c) 90 days.

observed. This fact reflects the substantial influence of the soil chemical composition and the water content over the development and progress of pozzolanic reactions and consequently over the early and final strength of the soil-cement mixture. For example, addition of 10% cement in different soils had as a result strength values ranging from 80 to 2110 kPa at 7 days of curing, 102 to 2600 kPa at 28 days of curing and 131 to 2990 kPa at 90 days of curing. Soils with high liquid limit or high water content exhibited the lowest strength at all ages even though a large amount of cement was added. This is attributed to the intense hydrophilic behavior of soils which is characterized from high liquid limit values. These soils attract and retain high amount of water limiting to some extent pozzolanic reactions and consequently the adhesion between the soil grains and cement crystals affecting adversely the development of strength. Also, the occurrence of large amount of water, leads to the creation of a weak structure between the formed cement crystals and the soil particles. The influence of wL and w on strength is shown in figures 2(a)-(c) at which the compressive strength of soil-cement specimens containing 5% and 10% cement is correlated with the consistency index Ic. The graphical plots visibly indicate the wide variation of compressive strength values at all ages of curing, despite the specimens were stabilized with the same cement dosage. Indicatively reported, addition of 5% cement resulted in 7, 28 and 90 day strength values ranging from 45 to 1040 kPa, 52 to 1196 kPa and 62 to 1690 kPa, correspondingly.

Regression models

Based on the laboratory results and using SPSS 14.0 statistic program a non linear regression model was developed which correlates the compressive strength q of cement stabilized soil to the five variables (water content w (%), liquid limit wL (%), cement content C (%), sand content S (%) and curing time CT (days)) as follows:

q = -326.77 – 1170.09 ln(w) + 1292.06 ln(wL) + 0.523 (C) (S)1.417 (ln(CT))0.608                     (1)

The reliability and accuracy of the model were checked by comparing the predicted values of compressive strength from this model and the measured values, and computing the correlation 
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Figure 3. Cross plot of measured compressive strength vs. computed values using equation 1.
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Figure 4. Cross plot of measured compressive strength vs. computed values. 

(a) 7 days (eq. 3); (b) 28 days (eq. 4) nad (c) 90 days (eq. 5).
coefficient. Figure 3 illustrates a plot of the measured values of compressive strength versus the computed values using the non linear regression model. The straight line in the figure represents the line of perfect equality, where the values being compared are exactly equal. The correlation coefficient R2 at 95% confidence interval is 0.877, meaning roughly that 87.7% of the variance in compressive strength is explained by the model. This value is statistically significant and therefore suggests that the measured and calculated values of compressive strength are comparable.

In order to obtain a more accurate regression model the curing time was left out as a descriptor variable in the regression equation. The model that gives the best correlation is of the following form again:

q = a0 + a1 ln(w) + a2 ln(wL) + a3 (C) (S)a4




             (2)

The resulting regression equations that best relates the compressive strength to the four structural descriptors of the soil properties are given:

For 7 days of curing:

q = -316.79 – 1015.82 ln(w) + 1116.03 ln(wL) + 0.964 (C) (S)1.359



R2 = 0.845   



    





 (3)

For 28 days of curing:

q = -308.32 – 1152.96 ln(w) + 1268.29 ln(wL) + 0.958 (C) (S)1.464



R2 = 0.902   



    





 (4)

For 90 days of curing:

q = -560.71 – 1329.13 ln(w) + 1538.22 ln(wL) + 0.808 (C) (S)1.543



R2 = 0.8915 



    





 (5)

The predictive model of 7 day strength has correlation coefficient (R2 = 0.845) slightly lower than the one of the initial model utilized the curing time. On the contrary, the models of 28 and 90 day strength appeared to have correlation coefficients slightly higher. Figures 4(a)-(c) depict the correlation between the measured and the calculated values of compressive strength obtained from the application of equations 3-5.
Conclusions

Both laboratory and field procedures employed in the determination of compressive strength of soil-cement column material are time consuming and expensive. An alternative to the experimental approach is the prediction of compressive strength from parameters easily recorded and measured. The present study used laboratory results in order to obtain a model that best relates the strength to the above aforementioned parameters. Two general models were developed. The first relates the strength to the five structural descriptors whereas the second model does not include the curing time as a variable. Both models show high values of R2 and the comparative assessment indicates that the developed models provide a very good agreement with the measurements.

REFERENCES

1. Ahnberg, H., Johansson, S.E., Pihl, H. and Carlsson, T. (2003) “Stabilising effects of different binders in some Swedish soils”. Ground Improvement, Vol. 7, pp 9-23.

2. ASTM D1632-96, “Standard Practice for Making and Curing Soil-Cement Compression and Flexure Tests Specimens in the Laboratory”. American Society for Testing and Materials, West Conshohochen, PA.

3. Omine. K. and Ohno, S. (1997) “Deformation analysis of composite ground by homogenization method”. Proc. 14th Intern. Conf. on Soil Mechanics and Foundation Engineering, Hamburg, pp 719-722.

4. Porbaha, A. (2000) “State-of-the-art in deep mixing technology: design considerations”. Ground Improvement, Vol. 4, pp111-125.

5. Porbaha, A. (2002) “State of the art in quality assessment of deep mixing technology”. Ground Improvement, Vol. 6, pp 95-120.
6. Puppala, A.J., Wattanasanticharoen, E. and Punthutaecha, K. (2003) “Experimental evaluations of stabilisation methods for sulphate-rich expansive soils”. Ground Improvement, Vol. 7, pp 25-35.






PAGE  

_1263898860.xls
Γράφημα5

		-0.903		-0.903

		-0.442		-0.442

		-0.971		-0.971

		1.032		1.032

		1.022		1.022

		1.021		1.021

		1.064		1.064

		-0.903		-0.903

		-0.442		-0.442

		-0.971		-0.971

		1.032		1.032

		1.022		1.022

		1.021		1.021

		1.064		1.064



5% cement

10% cement

Consistency index Ic

Compressive strength (kPa)

7 DAYS

255

45

80

950

680

970

1040

767

155

205

1590

2110

1470

1370



FIG. 1a

		

										7 ΗΜΕΡΕΣ

				5		950

				6.5		800

				8.13		200

				10		767

				20		1255

				30		3600

				5		680

				6.5		600

				10		155

				20		243

				30		310

				5		970

				10		80

				20		205

				30		270

				5		1040

				5		255

				5		45

				5		30

				10		1590

				10		2110

				10		1470

				10		1370





FIG. 1a

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0



% cement

Compressive strength (kPa)

7 DAYS

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



FIG. 1b

		

												28 ΗΜΕΡΕΣ

				5		297

				6.5		1200

				8.13		500

				10		1125

				20		3160

				30		4539

				5		65

				6.5		1100

				10		195

				20		365

				30		535

				5		44

				10		102

				20		300

				30		460

				5		1102

				5		830

				5		1115

				5		1196

				10		1908

				10		2600

				10		1764

				10		1644





FIG. 1b

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



% cement

Compressive strength (kPa)

28 DAYS

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Fig. 1c

		

												90 ΗΜΕΡΕΣ

				5		1322

				10		2290

				5		955

				10		2990

				5		1690

				10		2100

				5		1375

				10		1972

				6.5		1800

				6.5		1500

				8.13		700

				5		324

				10		1318

				20		3620

				30		4984

				5		80

				10		223

				20		482

				30		706

				5		52				Figure 1.Variation of compressive strength of soil specimens stabilized with different amounts of cement

				10		131				(a) 7 days; (b) 28 days and (c) 90 days

				20		367

				30		633





Fig. 1c

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



% cement

Compressive strength (kPa)

90 DAYS

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



FIG 2a

		

								5% cement		10% cement

						-0.903		255

						-0.442		45

						-0.971		80

						1.032		950

						1.022		680

						1.021		970

						1.064		1040

						-0.903				767

						-0.442				155

						-0.971				205

						1.032				1590

						1.022				2110

						1.021				1470

						1.064				1370





FIG 2a

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



5% cement

10% cement

Consistency index Ic

Compressive strength (kPa)

7 DAYS

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



FIG. 2b

		

								5% cement		10% cement

						-0.903		297

						-0.442		65

						-0.971		52

						1.032		1102

						1.022		830

						1.021		1115

						1.064		1196

						-0.903				1125

						-0.442				195

						-0.971				102

						1.032				1908

						1.022				2600

						1.021				1764

						1.064				1644





FIG. 2b

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



5% cement

10% cement

Consistency index Ic

Compressive strength (kPa)

28 DAYS

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



FIG. 2c

		

								5% cement		10% cement

						-0.903		324

						-0.442		80

						-0.971		62

						1.032		1322

						1.022		955

						1.021		1690

						1.064		1375

						-0.903				1318

						-0.442				223

						-0.971				131

						1.032				2290

						1.022				2990

						1.021				2100

						1.064				1972

										Figure 2.Compressive strength of soil specimens stabgilized with 5 and 10% cement in relation to the consistency index. (a) 7 days; (b) 28 days and (c) 90 days
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										Figure 2.Compressive strength of soil specimens stabgilized with 5 and 10% cement in relation to the consistency index. (a) 7 days; (b) 28 days and (c) 90 days
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FIG. 4c
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										Figure 2.Compressive strength of soil specimens stabgilized with 5 and 10% cement in relation to the consistency index. (a) 7 days; (b) 28 days and (c) 90 days
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FIG. 3
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FIG. 4c
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FIG. 2c
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										Figure 2.Compressive strength of soil specimens stabgilized with 5 and 10% cement in relation to the consistency index. (a) 7 days; (b) 28 days and (c) 90 days
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FIG. 3

		

								ΜΕΤΑΒΛΗΤΕΣ: WATER, LIQUID LIMIT, SAND, CEMENT, CURING TIME
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FIG. 4a

		

								ΜΕΤΑΒΛΗΤΕΣ: WATER, LIQUID LIMIT, SAND, CEMENT
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FIG. 4a

		

								ΜΕΤΑΒΛΗΤΕΣ: WATER, LIQUID LIMIT, SAND, CEMENT

												7 ΗΜΕΡΕΣ

				0		0

				1		1

				5		5

				100		100

				1000		1000

				5000		5000

				255				293.73

				767				851.82

				1255				1968.01

				3600				3084.2

				45				2.62

				155				112.79

				243				333.12

				310				553.45

				30				0

				80				0

				205				106.45

				270				326.78

				950				1243.3

				1590				1353.47

				680				1128.47

				2110				1196.32

				970				1192.97

				1470				1318.37

				1040				1271.9

				1370				1367.37

				800				846.6

				600				379.68

				200				395.44





FIG. 4a

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



7 DAYS

Measured compressive strength (kPa)

Calculated compressive strength (kPa)

R2 = 0,845

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



FIG. 4b

		

								ΜΕΤΑΒΛΗΤΕΣ: WATER, LIQUID LIMIT, SAND, CEMENT

														28 ΗΜΕΡΕΣ

				0		0

				1		1

				5		5

				100		100

				1000		1000

				5000		5000

				297				557.83

				1125				1358.47

				3160				2959.76

				4539				4561.05

				65				75.7

				195				215.13

				365				493.97

				535				772.82

				44				0

				102				0

				300				236.7

				460				515.55

				1102				1483.52

				1908				1622.94

				830				1344.5

				2600				1427.21

				1115				1430.01

				1764				1590.31

				1196				1512.84

				1644				1632.33

				1200				1287.52

				1100				648.47

				500				612.13





FIG. 4b

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



28 DAYS

Measured compressive strength (kPa)

Calculated compressive strength (kPa)

R2 = 0,9021

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



FIG. 4c
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FIG. 2c
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										Figure 2.Compressive strength of soil specimens stabgilized with 5 and 10% cement in relation to the consistency index. (a) 7 days; (b) 28 days and (c) 90 days
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FIG. 3
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FIG. 4a

		

								ΜΕΤΑΒΛΗΤΕΣ: WATER, LIQUID LIMIT, SAND, CEMENT
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FIG. 4c
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FIG. 2c
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FIG. 3
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FIG. 4a
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FIG. 4b
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FIG. 4c

		

								ΜΕΤΑΒΛΗΤΕΣ: WATER, LIQUID LIMIT, SAND, CEMENT
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FIG. 2c
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FIG. 3
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FIG. 4a
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FIG. 4b
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FIG. 4c
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FIG. 2c
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FIG. 3

		

								ΜΕΤΑΒΛΗΤΕΣ: WATER, LIQUID LIMIT, SAND, CEMENT, CURING TIME

				0		0

				1		1

				5		5

				100		100

				1000		1000

				5000		5000

				255				314.81

				767				871.33

				1255				1984.37

				3600				3097.41

				297				530.27

				1125				1302.26

				3160				2846.23

				4539				4390.2

				45				45.92

				155				148.39

				243				353.33

				310				558.27

				30				0

				80				0

				205				92.23

				270				297.17

				65				85.6

				195				227.74

				365				512.02

				535				796.3

				44				0

				102				0

				300				250.92				Figure 3. Cross plot of measured compressive strength vs. computed values using equation 1.

				460				535.2

				324				685.08

				1318				1611.87

				3620				3465.45

				4984				5319.04

				80				114.1

				223				284.74

				482				626.03

				706				967.32

				52				0

				131				23.65

				367				364.93

				633				706.22

				950				1473.54

				1590				1576.01

				1102				1513.22

				1908				1655.36

				1322				1541.97

				2290				1712.87

				680				1349.32

				2110				1411.13

				830				1373.25

				2600				1458.99

				955				1390.44

				2990				1493.38

				970				1412.95

				1470				1530.24

				1115				1458.36

				1764				1621.06

				1690				1490.99

				2100				1686.31

				1040				1509.62

				1370				1597.87

				1196				1543.79

				1644				1666.21

				1375				1568.34

				1972				1715.31

				800				915.63

				1200				1245.04

				1800				1481.72

				600				407.58

				1100				629.49

				1500				788.93

				200				442.95

				500				615.24

				700				739.02





FIG. 3

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Measured compressive strength (kPa)

Computed compressive strength (kPa)

R2 = 0,877

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



FIG. 4a
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FIG. 4b
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FIG. 4c
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