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Abstract:

This paper presents the results of experimental investigation carried out on grouting in order to study the behaviour of soil after grouting. Shear strength of the soil before and after grouting was studied for different (w:c) ratios of grout mixes. It was found that the increase in bearing capacity for treated soil about (47%, 112%, 298%) for (w/c) ratio (6:1, 3:1, 1:1), respectively.

الخلاصة

يتناول هذا البحث دراسة مختبرية أجريت على تحشية (grouting) التربة لغرض فهم تصرف التربة بعد تحشيتها. تمت دراسة مقاومة القص للتربة قبل وبعد تحشيتها ولنسب مختلفة من (الماء:السمنت). بينت النتائج ان الزيادة بقابلية تحمل التربة المعالجة حوالي (47%، 112%، 298%) لنسبة وزنية (ماء/سمنت) (6 : 1، 3 : 1، 1 : 1) وعلى الترتيب.

1. Introduction

Soil improvement is carried out for various objectives to improve bearing capacity and reduce settlement of soft ground, control ground water, stabilize excavation bottom, prevent deformation of surrounding ground, clean up contaminated ground , and avoid or minimize earthquake liquefaction-induced soil deformations and associated damage (Huang et.al.,2008) .

Grouting is the most common technical method used for soil improvement and strengthening.

Grouting is a technique to inject various types of grout into the ground at a deliberately controlled pressure and flow rate (Nonveiller, 1989). The grout is based on cement, silicate, or other materials, selected to suit particular ground conditions and improvement objectives. The grout fills in voids and cracks of the ground and permeates into soil pores to produce a solidified soil-grout mass (Bell, 1975). The grouting is often applied to improve the ground underneath existing structures, such as large oil tanks, railroad tracks and others.

The possible uses of grouting:

(1) Waterproofing a certain volume of ground below or around a structure.

(2) Consolidation of foundation soils combined or not with a certain amount of waterproofing. With this process the strength of the soil is increased in order to allow excavation of tunnels or to increase the soil bearing capacity so that a slab constructed on its surface will not suffer excessive settlement. Homogenization of ground by grouting to allow excavation with a high production machine is a new use of grouting with many possible application in the future.

Several the most common types of grouting methods are shown in Figure (1), and their associated predominant contribution for modifying soils.


Figure (1) Common Types of Grouting Methods.

In the last decades powdered emulsions and water-soluble polymers (latex) are widely used as additives in cement grouts due to their potential influence on rheological properties (Allan, 1997), strength (Bureau et al., 2001), durability (internal strength), impermeability (Gao et al., 2002) and resistance to chemical erosion.

The advantages of grouting can be measured both from a technical and form an economical, point of view. The economical, advantages will tend to favor grouting (compared to other techniques) when the technical difficulties involved are greatest.

2. Material Used

2.1 Sand Properties

The tests are performed with loose sand corresponding to a dry unit weight of approximately 16 kN/m3.

The specific gravity test is performed according to the British Standard B.S. (1377 : 1975). The specific gravity of the sand used 2.7. The grain size are analyzed according to the ASTM (D422-63). According to the grain size distribution curve shown in Figure (2). The sand is classified poorly graded sand with coefficient of uniformity (Cu) less than 2 and coefficient of curvature (Cc ( 1.25).
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Figure(2 ) Grain Size Distribution Curve for The Tested Sand (A.S.T.M) Standard.

      Cu =2.00

      Cc =1.25


Figure (2) Grain Size Distribution Curve for The Tested Sand (ASTM) Standard.

Laboratory tests were carried out on the sand to get some other properties and their values are listed in Table (1).

Table (1) Sand Properties.

	Specific Gravity
	2.7

	Void Ratio
	0.65

	Dry Unit Weight
	16 kN/m3

	Relative Density
	40%


2.2 Cement Used:

The cement used was sulphate resisting cement. The physical properties for cement used were listed in Table (2).

Table (2) The Physical Properties for Cement Used.

	Fineness (Blain value), cm2/gm
	2620

	Soundness (Autoclave)
	0.07%

	Setting time

· Initial setting time (min.)

· Final setting time (hours)
	130

3:50

	Compressive strength (MPa)

· After 3 days.

· After 7 days.
	16.3

23.5


The chemical properties for cement used were listed in Table (3).

Table (3) The Chemical Properties for Cement Used.

	Chemical test
	% by weight

	CaO
	61.2

	SiO2
	22.8

	Fe2O3
	4.88

	SO3
	2.47

	MgO
	1.8

	Al2O3
	3.72

	Loss on ignition
	1.60

	Insoluble content
	1.10

	Lime saturated factor
	0.83

	C3A
	1.61

	C2S
	37.85

	C3S
	36.78

	C4AF
	17.84


3. Testing Apparatus:

1. The Loading System:

A conventional shear box machine was used to evaluate the shear strength of the soil.

2. Mixing Apparatus:

In order to produce a homogeneous mixture a rotary mixer was used and switched on under  certain controlled speed.

4. Testing Procedure:

In order to illustrate the behaviour and effect of the grouting on the shearing strength off soil, direct shear box was used to measure the shear strength before and after grouting with different (w:c) ratio (1:1), (3:1) and (6:1).

5. Results and Discussion:

Figures (3), (4) and (5) present the effect of grouting to improve the bearing capacity of treated soil for different water-cement ratio (w/c ratio by weight) and for the three values of normal stress.
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Figure (3) The Relation between Shear Stress and Shear Strain by Appling

                       Normall stress(50kN/m  ) 

Untreated Soil

Treated Soil with 6:1 Grout 
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Figure (3) The Relation Between Shear and Strain by Applying 
Normal Stress (50 kN/m2).
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Figure(4) The Relation between Shear Stress and Shear Strain by Appling

                      Normal Stress(100 kN/m  ).

Untreated Soil

Treated Soil with 6:1 Grout

Treated Soil with 3:1 Grout

Treated Soil with 1:1 Grout


Figure (4) The Relation Between Shear and Strain by Applying 
Normal Stress (100 kN/m2).
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Figure (5) The Relation between Shear Stress and Shear Strain by Appling

                      Normal Stress (200 kN/m  ).

Untreated Soil

Treated Soil with 6:1 Grout

Treated Soil with 3:1 Grout

Treated Soil with 1:1 Grout


Figure (5) The Relation Between Shear and Strain by Applying 
Normal Stress (200 kN/m2).

The figures show that when normal stress was increased (50 kN/m2-200 kN/m2) average increase of about (47%, 112%, 298%) in the bearing capacity of treated soil for (w/c) ratio (6:1, 3:1, 1:1), respectively.

The improvement due to the grouting can be determined by means of the ratio between the ultimate bearing capacity of treated soil to that of untreated soil, (F):

F ( 
[image: image5.wmf]ult

ult

q for treated soil

q for untreated soil






…(1)

Figure (6) shows that the improvement ratio of treated soil (F) computed using Eq.(1) as a function of (w/c) (water-cement ratio by weight) and for the three normal stress.
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Figure(6) The Relation between Improvement Factor (F) and (w/c) Ratio.

Normal Stress = 50 kN/m
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Figure (6) The Relation Between Improvement Factor (F) and (w/c) Ratio.

The figure illustrate the improvement factor for the treated soil decreases when (w/c) ratio increases.

The increase in F (improvement factor was about (230%, 190%, 155%) when the (w/c) ratio decrease (6:1, 3:1, 1:1) respectively and for the normal stress (50, 100 and 200 kPa).

Figure (7) shows that the load reduction factor, r, (r ( (1 ( Puu/Put)(100, where Puu and Put are the ultimate load for untreated and treated soil, respectively) decreases by about (60%, 55%, 31%) with increase of (w/c) (water-cement ratio by weight) (1:1, 3:1, 6:1), respectively for the three normal stress (50 kPa, 100 kPa, 200 kPa).
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Figure (7) The Relation Between Load Reduction Factor, r and (w/c) Ratio.

6. Conclusion

1. The increase in bearing for treated soil about (47%, 112%, 298%) for (w/c) ratio (6:1, 3:1, 1:1), respectively.

2. The load reduction factor decreases by about (60%, 55%, 31%) with increases of (w/c) ratio by weight (1:1, 3:1, 6:1), respectively.
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