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Abstract
The objectives of this study are to evaluate the porcelanite rocks as aggregates instead of gravel for manufacturing structural lightweight concrete blocks. Porcelanite rocks are studied petrographically, mineralogically and geochemically. The prepared concert samples are subjected to many tests to assess their use in the manufacture of structural lightweight concrete. These testes included density, water absorption, compressive strength, thermal conductivity, p-wave velocity and acoustic impedance. In comparison with the normal weight concrete sample depending on the Iraqi and American Standard for Testing Materials (ASTM) specifications, the results are successful and encouraging, showing the possibility of manufacturing of structural lightweight blocks of good compressive strength, low thermal conductivity and acoustic impedance. 
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الخلاصة: 
تهدف  الدراسة الحالية الى تقييم  صخور البورسلينايت كبديل للحصى لتصنيع بلوك خرساني انشائي خفيف الوزن. درست صخور البورسلينايت بتروغرافيا, معدنيا وجيوكيميائيا و خضعت النماذج الخرسانية المعدة الى العديد من الاختبارات لتقييمها كنماذج خرسانية انشائية خفيفة الوزن. و خواصها التي تتضمن الكثافة, امتصاص الماء,قوة الانضغاط,التوصيلية الحرارية, والمعاقة الصوتية تم ايجادها ومقارنتها مع نموذج خرساني طبيعي الوزن اعتمادا على المواصفات العراقية والعالمية. كانت النتائج ناجحة ومشجعة واظهرت امكانية تصنيع بلوك خفيف الوزن انشائي بقوة انضغاط جيدة وبتوصيلية حرارية ومعاقة صوتية منخفضة. 
الكلمات المفتاحية: الصحراء الغربية العراقية, صخور البورسلينايت, حصى, كونكريت خفيف الوزن انشائي, المواصفات الامريكية القياسية لاختبار المواد.
1. Introduction
Porcelanite is one of the important industrial sedimentary rocks. It has gone under more than 20 different names, where many are commercial trademarks (e.g. diatomite, diatomaceous earth, kieselguhr, cellite, filtac…etc). Texture, mineral and chemical composition of porcelanite rock reflects the unique properties that make it suitable for industry. The term porcelanite is defined by many authors; Jones and Segnite (1971) in Kastner et al. (1977) were the first to restrict the term porcelanite to the rocks composed mainly of opal-CT (cristobalite-tridymite). 

The best definition is, however, based on both texture and composition which applied by Jabboory (1999) that porcelanite is a sedimentary rock which is composed of at least 50% of opal-CT (cristobalite-tridymite), which is diagenetic product of biogenic silica, and having the texture and fracture of unglazed porcelain.

The major mechanism of silica precipitation in this rock at ordinary temperature and pressure is biochemical (Kastner et al., 1977). The dissolved silica is extracted and concentrated in the shells or micro-organisms; therefore it called siliceous organisms (diatoms, radiolarian, and siliceous sponges), (Blatt et al., 1980). When these siliceous organisms die, they sink to the bottom, and the insoluble siliceous tests come to the rest with others of similar origin and more commonly mixed with clay, silt, or other impurities (Bates, 1969). Two reaction paths are possible for the amorphous opal, opal-A; (Jones and Segnit, 1971 in Blatt et al., 1980). It may crystallize directly to microcrystalline quartz (Stein and Kirkpatrick, 1976 in Blatt et al., 1980), or it may first pass through a phase of disordered cristobalite (opal-CT) before crystallizing as chert (Mizutani, 1977 in Blatt et al., 1980). The alteration of biogenic opaline silica or opal-A and the formation of opal-CT and quartz deposits are among the major diagenetic processes occurring in the marine sediments (Singer and Muller, 1983). The opal-A with progressive time and increasing heat and depth of burial transformed to anhydrous silica or porcelanite (SiO2 - a disordered form of crystobalite and tridymite, opal-CT), and finally to quartz as chert. This transformation results in a significant decrease in porosity and increase in density and hardness (Bramlette, 1964).

 The first known use of lightweight dates back over 2000 years. There are several lightweight concrete structures in the Mediterranean region, but the three most notable structures were built during the early Roman Empire and include the Port of Coast, the Pantheon Dome, and the Coliseum (Bremner et al., 1994). Lightweight concrete has limited use in some spicific buildings. The aggregate was used for making lightweight concrete for penthouse walls at the University of Baghdad in 1980, which are still in good condition (Al-Musawi, 2004). 

The highly porous microstructure of lightweight aggregate gives it low and better insulation and that makes the concrete made with lightweight aggregate exhibit lower thermal conductivity than that of normal weight concrete. In addition to above advantages it helps to reduce dead load, increase the progress of building and lowers haulage, handling costs and cover of steel (Short et al., 1978). The use of the porcelanite aggregate in the production of structural lightweight concrete has a wide objective and requires modification to become suitable for practical application. 
Porcelanites of Digma and Akashat Formations (Traifawi member) are assessed as aggregate for the manufacturing of lightweight concrete samples. This work going to study the precelanite in terms of petrography, mineralogy, and geochemistry in purpose to assess them as coarse aggregate instead of gravel to manufacture a structural lightweight concrete blocks.
2. Location of the study area
Porcelanite samples from Digma Formation (Wadi Al-Jandali) which is located about 40 km northwest Rutbah and Akashat Formation (Traifawi) which is located about 45 km southwest Rutbah were collected (Fig.1). The geographic coordinates are listed in Table 1.
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Fig. 1: Location map of the study area.
Table 1: Coordinates of sampling sites of Digma (D) and Akashat (A) Formations with simple descriptions.
	Formation


	Site

no.
	Sample

no.
	Location
	Elev.

(m)
	Description

	
	
	
	Longitude

E
	Latitude

N
	
	

	Digma
	1D
	1D-1 to

1D-5
	39º 58′ 846″
	33º 05′ 220″
	698
	Light weight porcelanite of subconchoidal fracture, white to pale yellow color. 

	Akashat

(Traifawi)
	1A
	1A-6 to

1A-10
	39º 50′ 498″
	32º 54′ 640″
	731
	Light weight porcelanite of subconchoidal fracture with white to pale gray color.


3. Geological setting 

Generally, the landscape of the Western Desert of Iraq is not complex, but is characterized by the varied forms; the study area is hilly to semi flat area. 
The presence of the Digma Formation (Late Maastrichtian) in the Iraqi Western Desert was mentioned for the first time by Sattran and Mansour (1975) in Buday (1980). It is exposed along the northern rim of Ga`ara Depression, from Marbat Al-Hasan hill and extends westwards, then extends along the western rim, farther southwards crossing the Highway No.1 and extends to the Iraqi – Saudi Arabian borders. In Traifawi vicinity, it extends eastwards to 60 Km approximately, and northwards to about 35 Km. Moreover, it also extends towards southeast to Muger Al-Na`am vicinity. The subsurface extension of the Digma Formation is clear. It extends northwards from the exposed areas to Khlesia passing through Anah trough, and west and eastwards along sides of the Rutbah Uplift (Sissakian and Mohammed, 2007). The lithology of Digma Formation "Safra Beds" as white to creamy limestone, dolostone with phosphorite horizon and green to ocher papery shale, with the oyster shell horizon, with thickness 23 m and 15 m in the northern rim of Ga`ara depression (Al-Bassam et al. (1990).
Akashat Formation (Early–Late Paleocene) name was first used by Jassim et al. (1984). It was announced officially by Al-Bassam and Karim (1997). It is exposed only in the western and middle parts of the Iraqi Western Desert. It crops out in Qasir Al-Halqoom, along the northern rim of Ga'ara Depression, extends westwards (along the rim) till Akashat, then southwards to the Iraqi – Saudi Arabian borders, crossing Jabal Al-Hirri, in a form of narrow strip 2 – 10 Km till the Highway No.1, then it becomes 10–30 Km wide. The subsurface extension of Akashat Formation is almost uniform, it extends north and westwards. It is struck in oil wells Akkas-1, Risha-1 (in Jordan). Towards north, it passes to Aaliji Formation. Towards the east and northeast, it is replaced by Umm Er Radhuma Formation, east and northeast of Rutbah Uplift (Sissakian and Mohammed, 2007). According to Al-Bassam, et al. (1990) Akashat Formation was divided into three members: Traifawi Member, Hirri Member and Dwaima Member.
4.  Material and Methods
4.1 Field work

Porcelanites were collected from Digma Formation at the site of Wadi Al-Jandali (1D) from the trenches of 2 m deep. The thickness of porcelanite horizon varies between 0.5 to 1m (Fig.2) Along with Digma Formation, Trafawi Member belonging to Akashat Formation (1A) was also sampled.
[image: image2.emf]
Fig.2: Porcelanite within Digma Formation, site 1D.
4.2  Laboratory work
The laboratory work includes many steps as follows:

a- Preparing porcelanite thin sections for microscopic and SEM techniques. 
b- Crushing porcelanite for XRD testing.

c- Chemical analysis for major oxides by the following methods:
· SiO2, SO3 and L.O.I are analyzed using gravimetric method.

·  Fe2O3, CaO and MgO are analyzed using titration.
· Na2O and K2O are analyzed using the flame photometric method.
· Al2O3 and P2O5 are analyzed using the colorimetric method. 
d- Crushing and sieving the coarse aggregates (porcelanites) and sieving the fine aggregates (sand).
e- Chemical and physical properties are found for white Portland cement

f- Preparing mixtures of concrete and casting with cubic and cylinder samples
g- Physical properties of porcelanite samples are found which include bulk density, porosity and water absorption.
h- Physical, mechanical, thermal and acoustic properties for manufacturing samples are found which include density, water absorption, compressive strength, Vp velocity and acoustic impedance. 
5. Results and Discussion
5.1 Petrography of porcelanite
The porcelanite are characterized by light weight, hardened, earthy luster, with sub-conchoidal fracture and some time smooth texture. The color of porcelanite ranges from white to pale yellow in some samples. They may contain siliceous fossils in addition to authigenic quartz which appeared in some samples. A total of ten thin sections is studied. A cryptocrystalline and microcrystalline silica were characteristic (Fig. 3 and Fig. 4) respectively.
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Fig. 3: Photomicrograph of very fine texture of cryptocrystalline silica of porcelanite; a: Site 1D, (sample no. 1D-1), XPL, 10X, b: Site 1A, (sample no. 1A-6), XPL, 25X.
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Fig. 4: Photomicrograph of microcrystaline silica in porcelanite; a: Site 1D, (sample no.1D-2), XPL, 25X, b: Site 1A, (sample no. 1A-7), XPL, 25X.

 The rhombs of dolomite can be distinguished in addition to microcrystalline silica in site 1A (Fig.5).
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Fig.5: Photomicrograph of rhombs of dolomite; site 1A, (sample no.1A-8), XPL, 10X.
SEM technique is also used in order to observe the micro-textures of porcelanite. The size of the pores is evident in fresh surface (untreated) and it can be estimated to be 5 microns (Fig.6). They are not clear in the polished surfaces. Euhedral, subhedral rhombs of dolomite are also observed (Fig.7).
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Fig. 6: Scanning electron micrographs showing micro texture of porcelanite, site 1D, (sample no.1D-1), scale bar 10 microns.
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Fig. 7: Scanning electron micrographs showing micro texture of porcelanite, site 1A, (sample no.1A-6), scale bar 10 microns (arrows to dolomite).
5.2 Mineralogy of porcelanite

The XRD results are presented in Figs.8 and 9 . The opal-CT is the main mineral. Clay minerals (palygorskite and montmorillonite), dolomite, calcite and quartz in site 1D are occured. In site 1A, opal-CT is the main mineral associated with dolomite, palygorskite and quartz.

[image: image3.jpg]Intensity (c/s)

4 H [Group:Order2013, Data:5937]
. cro i i i i 1D
Cr Cristobalite i }
T Tridymite i : 5 i ; |
7 Q Quartz ! [
C Calcite i ! i ! !
D Dolomite
] M Montmorillonite
' P Palygorskite
T
2000 i
SO i i Lor
1 | Q or : .
™M P MJ\-N"V"%J\/\/\ ,\,,,./" D co
L T : i G YA NS
i A S i i " " R

*2 Theta”





Fig. 8: X-ray diffractogram of Digma Formation; site 1D, (sample no.1D-1).
[image: image4.jpg]Intensity (c/s)

Cr Cristobalite
T Tridymite
“1Q Quartz
D Dolomite
P Palygorskite

2000

[ R = o

TGroupr Tab7012, Data:dbe]

PO1A





Fig. 9: X-ray diffractogram of Akashat Formation, site 1A, (sample no. 1A-6).

5.3 Geochemistry of porcelanite

The samples are analyzed for SiO2, Al2O3, CaO, MgO, Fe2O3, Na2O, K2O, SO3, P2O5 and L.O.I (Table 2). 
Table2: Chemical analysis of porcelanite of Digma and Akashat Formations, D=Digma, A=Akashat.

	Site no.
	Sample

no.
	SiO2
	Al2O3
	CaO
	MgO
	Fe2O3
	Na2O
	K2O
	SO3
	P2O5
	L.O.I
	Total

	
	
	%
	

	1 D
	1D-1

1D-2

1D-3

1D-4

1D-5
	86.81

85.70

80.66

78.92

77.51
	2.11

0.97

1.91

2.37

2.40
	2.74

2.34

3.70

1.68

1.80
	1.49

2.20

2.70

4.50

4.70
	0.98

1.35

1.70

1.80

1.83
	0.15

0.42

0.50

0.63

0.70
	0.12

0.20

0.15

0.23

0.28
	0.23

0.35

0.40

0.45

0.50
	0.66

1.00

1.75

2.20

2.50
	4.64

4.50

5.70

6.31

7.70
	99.93

99.03

99.17

99.09

99.92

	
	Range
	77.51-

86.81
	0.97-2.40
	1.68-3.70
	1.49-4.70
	0.98-1.83
	0.15-0.70
	0.12-0.28
	0.23-0.50
	0.66-2.50
	4.50-7.70
	

	
	Average
	81.90
	1.95
	2.45
	3.11
	1.53
	0.48
	0.19
	0.38
	1.62
	5.77
	

	1 A
	1A-6

1A-7

1A-8

1A-9

1A-10
	60.02

69.00

67.90
58.52

67.54
	3.30

2.40

1.70

3.30

3.22
	9.02

9.00

7.56

8.70

7.48
	6.80

4.45

6.10

7.30

5.40
	1.00

0.90

0.75

1.00

1.99
	0.82

0.60

0.82

0.90

0.85
	0.10

0.10

0.11

0.15

0.10
	0.70

0.42

0.14

0.61

0.12
	1.30

0.49

0.70

1.30

0.30
	16.28

12.20

13.50

17.50

12.50
	99.34

99.56

99.28

99.28

99.50

	
	Range
	58.52-69.00
	1.70-3.30


	7.48-9.02
	4.45-7.30
	0.75-1.99
	0.60-0.90
	0.10-0.15
	0.12-0.70
	0.30-1.30
	12.20-17.50
	

	
	Average
	64.59
	2.78
	8.35
	6.01
	1.12
	0.79
	0.11
	0.39
	0.81
	14.39
	


Silica is a dominant oxide in the porcelanite. In site 1D, It ranges from 77.51% to 86.81% with an average of 81.90%, while in site 1A it varies between 58.52% and 69.00% with an average of 64.59% (Table 2). 

Silica occurs as independent minerals represented by cristobalite and tridymite (Opal-CT (. A minor amount of silica is attributed to quartz and clay minerals. This content of silica is of biogenic origin concentrated from sea water by unicellular diatomaceous micro-organism. Alumina commonly occurs in clay minerals. Part of alumina is probably involved in opal-CT, since its open crystallographic structure allows trivalent ion such as Al3+ to substitute for Si4+ (Drake, 1978).

K2O is found in the porcelanite rocks in minor amounts associated with clay minerals, and it occurs together with Ca2+ and Na+ as common interlayer cations in palygorskite (Weaver and Pollard, 1975).
CaO, MgO and L.O.I refer to the presence of dolomite as well as calcite.  Palygorskite and montmeorillonite contain these oxides in their structure. Both lime and magnesia occur at higher content in site 1A in comparison with their contents in site 1D. 

In addition to the dolomite, calcite and clay minerals were sources of L.O.I, a part of L.O.I is also due to the liberation of waters present in the crystallographic pores of both cristobalite and tridymite (Drake, 1978). 

P2O5, SO3 and Na2O are found in the porcelanite in minor amounts. Phosphorous can be attributed to apatite. Na2O is mainly related to halite and believed to be present in these rocks as very rare components (Jabboory, 1999) or as traces within clay minerals and opal-CT.                                                                                
5.4 Preparing of mixture

Concrete mixtures are prepared using ordinary white cement, river sand, crushed porcelanite and tap water. Ordinary white Portland cement manufactured by Faluja Cement Factory (Iraqi cement) was used in the mixes. The chemical properties of the white Portland cement are listed in Table 3, and its physical properties are listed in Table 4. The results match the Iraqi specification number (5/1984).
  Table 3: Chemical properties of white Portland cement.

	Compounds
	Abbreviation
	Weight (%)
	Iraqi specification no.(5/1984)

	Silica 
	SiO2
	21.8
	-

	Lime 
	CaO
	60.3
	-

	Alumina 
	Al2O3
	4.70
	-

	Iron Oxide 
	Fe2O3
	3.5
	-

	Sulfate
	SO3
	2.3
	
[image: image5.wmf]£

2.5%

	Magnesia 
	MgO
	2.16
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5%

	Loss On Ignition 
	L.O.I
	2.7
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4%

	Lime Saturation Factor
	L.S.F
	0.86
	0.66 – 1.022

	Insoluble Residue 
	I.R
	1.3
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1.5


Table 4: Physical and mechanical properties of white Portland cement. 

	Physical Property
	Test result
	Limits of Iraqi specification no.(5/1984)

	Setting time 

Initial hrs : min

Final hrs : min
	3:15

4:30
	0:45 (min)

10:0 (max)

	Compressive strength  (N/mm2)

3 days

7 days
	19.26

27.04
	15 (min)

23 (min)


Al-Akhadher river sand of 4.75 mm maximum nominal size was used throughout this work. The sieve analysis conforms to the Iraqi specification number (45/1980) zone no.2, (Table 5).

Table 5: Sieve analysis of fine aggregate.

	Sieve no. 

 (mm)
	Passing

( %)
	Limits of Iraqi specification no.(45/1980)

	4.75

2.23

1.18

0.6

0.3

0.15

0.075
	99

87

76

47

18

6.4

1.2
	90 – 100

75 – 100

55 – 90

35 – 59

8 – 30

0 – 10

0 - 3


   The properties of porcelanites rocks which include bulk density, porosity and water absorption were found before their treatment as aggregates as shown in Table 6.
Table 6: Physical properties of porcelanite samples of Digma (1D) and Akashat (1A) Formations.

	Water absorption

(%)
	Porosity

(%)
	Bulk density

(kg/m3)
	Site no.

	40
	42
	1200
	1D

	35
	40
	1300
	1A


Porcelanite aggregate is used as coarse aggregate from site 1D and site 1A, the sieve analysis of coarse aggregate conforms to the Iraqi specification number (45/1980), (Table 7) .
Table 7: Sieve analysis of coarse aggregate.

	Limits of Iraqi specification no.(45/1980 )
	Passing

%
	Sieve no.

(mm)

	100

85 – 100

0 – 25

0 - 5
	100

99

16

1.8
	12.5

9.5

4.75

2.23


The mixing ratio was 1:1.75:3.5 and 1:1.75: 3.23 in volume, with water cement ratio 0.5. 
The porcelanite aggregate used in a saturated surface dry condition as by submerged in water for 24h and spread in the laboratory until became saturated surface dry aggregate while the fine aggregate used with moisture condition  as recommended by ACI 211.2-98. 
Combination of aggregates and mixing methods are important to obtain the required workability and homogeneity of the concrete mix. Fine and coarse aggregate was mixed first with 2/3 of mixing water for the period up to 1 minute prior to addition of cement and balanced mixing water. Mixing is done continuously as required for homogeneity. Usually two or more minutes are required to get uniform mixing (Shetty, 1989).
 Many properties of concrete mixtures (density, water absorption, compressive strength, thermal conductivity, vp wave velocity and acoustic impedance) are tested and measured for the manufactured structural lightweight samples, the symbol 1B will be used to indicate a sample containing porcelanite aggregates from Digma Formation, while 2B indicates a sample containing porcelanite aggregates from Akashat Formation. The properties are described below: 

5.4.1 Density
An average of three cylinders (100 × 200 mm2) are used to determine the density according to the ASTM C567-05.The density of 1B was 1570 (kg/m3), while it was 1750 (kg/m3) for 2B (Table 8). According to the ASTM C330-05 definition of structural lightweight concrete, that with cylinder compressive strength at 28 days not less than 17 MPa and densities not exceeding 1850 kg/m3, the density of 1B and 2B samples are expressed that the porcelanite is permissible as coarse aggregate in structural lightweight concrete.

5.4.2 Water absorption
This test was performed on 100 mm cubes in accordance with BS: 1881: part 122 at the age of 28 days. The values of absorption are 17(%), 15.5(%) for 1B and 2B respectively (Table 8).
5.4.3 Compressive strength

Concrete compressive strength is measured by using (150× 300 mm) cylindrical specimens and is assessed according to ASTM C39-04. The average compressive strength of each sample at 28 days curing age in three cylindrical specimens is determined. The values of compressive strength were 17.5 MPa for 1B and 19 MPa for 2B (Table 8). The compressive strength values are assessed to be acceptable for structural lightweight concrete according to ASTM C 330-05.

5.4.4 Thermal conductivity coefficient

According to lee disc method, thermal conductivity coefficient is measured and the values are 0.55 (W/m.K), 0.67 (W/m.K) for 1B, 2B respectively (Table 8).

5.4.5 Vp wave velocity test
Vp wave velocities were measured by using cylindrical specimens. The average of three cylindrical specimens for each mix was used to determine the speed of sound travelling through the specimens by using the portable ultrasonic nondestructive digital indicating tester. The values were 2.18 (km/s), 2.76 (km/s) for 1B and 2B respectively (Table 8).

5.4.6 Acoustic impedance

Acoustic impedance indicates how much sound pressure is generated by the vibration of molecules of the particular acoustic medium at a given frequency. Acoustic impedance can be calculated by multiplying dry densities with ultrasonic pulse velocity. The acoustic impedance value of 1B was 3.4 ×106 (kg/m2.s), while it was 4.8×106 (kg/m2.s) for 2B (Table 8). These values are very low class in comparison with the classification of the acoustic impedance of different kinds of rock and rock-like materials according to Agne (1998) (Table 9).

Properties of structural lightweight concrete samples are compared to a normal concrete sample which prepared as a reference sample in order to find the variation in properties between them (Table 10). The mixing ratio for normal concrete sample was 1:2:3 by weight with water cement ratio 0.5.
Table 8: Physical and mechanical properties of structural lightweight concrete samples.

	2B
	1B
	Properties

	1750
	1570
	Density

(kg/m3)

	15.5
	17
	Water absorption

(%)

	19
	17.5
	Compressive strength

(MPa)

	0.67
	0.55
	Thermal conductivity

(W/m.K)

	2.76
	2.18
	Vp velocity

(km/s)

	4.8×106
	3.4×106
	Acoustic impedance×106 (kg/m2.s)


Table 9: Classification of acoustic impedance for different kinds of rock and rock like materials according to Agne (1998).

	Class of acoustic impedance
	Acoustic impedance ×106 (kg/m2.s)

	Very low

Low

Medium

High
	0-5

5-10

10-15

> 15


Table 10: Properties of the normal weight concrete block (reference) and lightweight concrete blocks (1B and 2B represented this study).

	Acoustic impedance

×106 (km/m2×s)
	Vp velocity (km/m3)
	Thermal conductivity

(W/m.K)
	Absorption

(%)
	Compressive strength

(MPa)
	Density

(kg/m3)
	Block type

	9.00
	3.75
	1.5
	15
	23
	2400
	Normal weight concrete block

	3.4
	2.18
	0.55
	17
	17.5
	1570
	Present study
	1B light concrete block

	4.8
	2.76
	0.67
	15.5
	19
	1750
	
	2B light concrete block


The comparison between lightweight and normal weight concrete sample reflects usefulness of used light weight aggregate in reducing the density, and thermal conductivity coefficient in addition to acoustic impedance. Water absorption values in IB and 2B are more than of normal weight concrete sample, as attributed to the higher porosity of porcelanite aggregate but in general the difference was not considerable. For this result, the manufactured of light weight concrete block is preferable to use inside building to reduce moisture.
 The importance of porcelanite arises from its physical properties represented by the porosity, fineness of pores, absorption power, light weight and low heat conductivity (Jensen and Bateman, 1981). These properties are related to the crystallographic structure of both cristobalite and tridymite, which are the main minerals of these rocks (Deer et al., 1971).

The variety of property values between 1B and 2B concrete samples (Table 8) indicates a variation of characteristic of porcelanite aggregates (Table 6). This variation in properties can be attributed to silica content and its structure, represented by opal C-T. The porcelanite samples of site 1D are higher of silica contain and more purity than porcelanite of the site 1A, which contain impurities increasing the bulk density, whereas porosity decreases respectively (Jabboory, 1999).

The natural stone uses as aggregate depending on shape, surface texture and grading (distribution of particle sizes) which have an influence on the properties of concrete such as density, strength, thermal conductivity and workability. Minerals of this rock are mainly opal C-T (cristabolite and trydimite). Porcelanite has a unique combination of physical and chemical properties (high porosity, high permeability, small particle size, large surface area, low thermal conductivity and chemical inertness) (Anon, 1987 and Harben, 1992). These specifications of porcelanite make it suitable as aggregate raw materials in concrete block. Porcelanite reduces the weight and thermal conductivity without high change in strength. 
However, the porcelanite aggregates from sites 1D and 1A are suitable for manufacture a structural lightweight concrete blocks with good characteristic of thermal conductivity and acoustic impedance.
6. Conclusions

The findings from this work can be listed as follows:
a- The measurement results of density and compressive strength of the mixtures using porcelanite as aggregates indicate its suitability as raw material for manufacturing a structural lightweight concrete 

b- The comparison between lightweight and normal weight concrete sample indicates a usefulness of using lightweight aggregate in reducing density. 

c- The density, thermal conductivity coefficient in addition to the acoustic impedance of structural lightweight concrete samples shows a clear decrease value as compared with normal weight concrete block. 

d- The water absorption of the structural lightweight concrete sample was more than that of the normal concrete sample due to high porosity of porcelanite 
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