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Concrete cracking sensitivity made from different aggregates was compared with employment of advanced temperature and stress test machine by tracking thermal and stress development of concrete with age and elements distribution in interfacial transition zone of each concrete was explored by SEM and EDS. Test results indicated that compressive strength of concrete made from basalt and limestone was greater than diorite and natural aggregate and crack resistance of concrete based on cracking sensitivity comparison in terms of cracking temperature varying from minus 0.3°C to minus 2.5°C as diorite, basalt, limestone and natural aggregate. Elements Ca and Mg were apparently accumulated in vicinity of ITZ and some reaction between limestone and cement matrix might have taken place which blurred the boundary between aggregates and cement matrix.

Introduction

Aggregates, accounting for over 75 per cent in concrete by volume, have prominent influence on concrete performances [START_REF] Huaquan | Research and application of hydraulic concrete[END_REF] and selection of proper aggregates in dam construction was one of the most significant steps with respect to dam construction in which various factors including lithology, grade, processability, toughness and et al should be taken into account. In order to obtain general law of aggregates influence on concrete, numerous researches [START_REF] Huang Xiushan | characteristics of concrete affected by grain group of aggregate[END_REF][START_REF] Donza | High strength concrete with different fine aggregates[END_REF][START_REF] Sadowskia | Effect of aggregate kind and graining on modelling of plain concrete under compression[END_REF] have been conducted and only a few was concerned about shrinkage property, closely related to crack resistance of mass concrete. G.E.Troxell [START_REF] Troxell | Long-time creep and shrinkage tests of plain and reinforced concrete[END_REF] revealed that shrinkage difference among concrete made from aggregates would reach as high as 800×10 -6 given concrete was located under condition of 21°C and 50 per cent RH for three decades.

Explanations in terms of physical features, chemical and particle characteristics as well as thermal characteristics have been provided. Ref. [6] presumed that sandstone aggregate was of sedimentary rock consisted of original biological detritus while griotte was of metamorphic rock stem from limestone recrystallization characterized by condense blastic texture, with linear expansion coefficient of 12×10 -6 /°C and 6×10 -6 /°C respectively and 24h water absorption of 1.4 and 1.1 per cent for each, and the reduction in drying shrinkage and self-shrinkage of concrete at 180d was 33.6 per cent and 49.4 per cent when combined aggregates superseded sandstone aggregate. Whereas, others retorted [START_REF] Fenglan | Self-shrinkage test of high-strength concrete with different aggregates[END_REF] that shrinkage of concrete was primarily dependent on coarse aggregate and its long term water absorption property, indirect reflection of parent rock on pore structure, and self and drying shrinkage was stem from constant water absorbing by capillary and corresponding water loss from paste. So far no general rule has been obtained considering the fact that various factors were involved with regard to influence of aggregates on concrete performances and most significantly the majority of investigations was conducted by conventional methods, a bottleneck with regard to aggregates research, and hereafter with introduction of advanced temperature and stress machine, cracking sensitivity of concrete made from basalt, diorite, limestone and natural aggregate was compared and aggregates interfacial transition zone features for each, the key to unknot the puzzle, was disclosed with employment of element map.

Materials and Methods

The chemical compositions of 42.5 medium-heated Portland cement and chemical components of class I fly ash by mass volume of 35 per cent used for test were listed in Table1.Crushed basalt fine and four coarse aggregates correlated with DL/T 5144-2001, including artificial basalt, diorite, limestone and natural aggregates as shown in Fig. 1 and table 2, were used to make concrete. Bote ZB-1A water reducing agent, GYQ air entertainer were incorporated. Water/binder ratio was 0.41, sand/ and 35 per cent fly ash. The mix proportion of each batch was shown in Table 3. All ingredients were batched and placed in the formwork directly. The temperature of the fresh concrete should be 20°C±1°C. The thermally-insulated upper formwork was fixed onto the specimen. When the power was turned on, synchronous motor was started to ensure 100 per cent restraint implemented on specimen and core temperature development was recorded. At 7d, 28d and 90d small pieces containing ITZ were extracted from specimen and used for microscopic tests after treatment.

Results and Discussions

Mechanical property: Compressive and splitting tensile strength of concretes was listed respectively in table 3. As could be seen from table 3 that concrete strength exhibited rising tendency with age and by comparison the compressive strength of concrete made from different aggregates was decreased in sequence as basalt, limestone, diorite and natural aggregate at 90d and the splitting tensile strength as limestone, diorite, basalt and natural aggregate. Cracking sensitivity: Characteristic parameters during thermal and stress development of concrete were summarized in table 4. As could be seen that the test could be finished within 10 days, in comparison with conventional deformation testing method, the beneficial effects of TSTM were clearly demonstrated. When tensile stress sprang up during cooling process surpassed ultimate tensile strength, cracks was produced and corresponding cracking temperature could characterize the cracking tendency of concrete which was adopted by RILEM [START_REF] De | Thermal properties [R[END_REF] as indicator of cracking sensitivity and it did specify that concrete with cracking temperature below 10 degree was rated as good one.

As demonstrated in table 4 that cracking stress varied with type of aggregates used. Concrete made from basalt was rated the best in terms of cracking stress, followed by diorite and limestone, natural aggregate the least. In the light of cracking temperature, it was apparent that cracking temperature varied from minus 0.3°C to minus 2.5°C, of which concrete made from diorite was rated the best and natural aggregate the least. Elements distribution in ITZ of concrete: Elements distribution on ITZ of concrete made from different aggregates was demonstrated in Fig. 2 and colors on left side stand for enrichment degree of each element, and its decreasing manner was accorded with color darkening from white to black. Interfacial transition zone between aggregate and cement matrix could be discerned by enrichment of elements Al, Si and Fe, major components in aggregates. As shown in Fig. 2, boundary was obviously observed in Fig. 2 (a) and (b) while no explicit boundary could be identified in Fig. 2 (c) and (d) and elements in the latter were more uniformly distributed than in the former. Most significantly, elements Ca and Mg were apparently accumulated in vicinity of ITZ (white and pink color) and their enrichment on ITZ of diorite and basalt concrete was more evident than limestone and natural aggregate concrete. It was presumed that some reaction between limestone and cement matrix, might have taken place as revealed in Reference [9] that limestone surface was dissolved and C 4 AH n •1/2CO 2 was produced on ITZ, resulted in micro structure alteration of ITZ, pore structure and hydration products phase in particular, and directly affect mechanical and deformation properties of concrete as displayed in table 4. Besides, different ions dissolved from aggregates would directly lead to different products of hydration formation. 
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Table 1

 1 Chemical and mineralogical compositions of cement and fly ash

	Type			Chemical compositions(%)			
		SiO 2	Fe 2 O 3	Al 2 O 3	CaO	MgO	R 2 O	SO 3	loss
	Cement	21.7	5.0	4.1	62.1	4.8	0.4	0.8	0.2
	Fly ash	52.53	11.11	24.51	3.87	0.87	1.21	0.69	2.15
			Table 2 Quality results of coarse aggregates		
		Apparent density	Water absorption	Incorruptibility	Crushing index
	Type	(kg/m 3 )			(%)			(%)	(%)
	20~40mm	5~20mm	20~40mm	5~20mm		5~20mm
	Basalt	2940	2930	0.29		0.38		0.55	3.7
	Diorite	2890	2850	0.31		0.64		0.09	6.8
	Limestone	2770	2760	0.22		0.30		1.7	11.3
	Natural	2680	2670	0.60		1.00		1.9	4.0
	DL/T 5144-2001	≥2550			≤2.5			≤5	≤13

Fig.1 Surface texture of coarse aggregats

Table 3

 3 Compressive and splitting tensile strength of concrete

	No.	Aggregate	Compressive strength (MPa) 7d 28d 90d	Splitting tensile strength (MPa) 7d 28d 90d
	AG1	Basalt	18.9	29.0	43.2	1.4	1.9	3.1
	AG2	Diorite	16.5	27.0	38.1	1.6	2.1	3.3
	AG3	Limestone	20.3	31.4	41.6	1.8	2.8	3.8
	AG4	Natural	16.2	25.1	35.5	1.2	1.8	2.7

Table 4

 4 Characteristic parameters of concrete made from different aggregates

	No.	Aggregate	Maximum compressive stress (MPa)	Second zero-stress temperature (°C)	Maximum temperature (°C)	Cracking stress (MPa)	Cracking temperature (°C)
	AG1	Basalt	1.00	58.3	65.8	1.15	-2.3
	AG2	Diorite	1.27	58.3	66.3	0.80	-2.5
	AG3	Limestone	1.10	59.3	64.1	0.62	-1.7
	AG4	Natural	1.15	53.6	63.1	0.38	-0.3
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Summary

Based on what discussed above, it was safe to conclude that natural and basalt aggregate were featured by high porosity and compressive strength of concrete made from different aggregates was decreased in sequence as basalt, limestone, diorite and natural aggregate. Cracking sensitivity tests implicated that concrete made from diorite rated the best in crack resistance, followed by basalt and limestone, and concrete made from natural aggregate was the last on lap. Micro structure analysis disclosed that superficial features and chemical activity of aggregates were the primary factors that influenced ITZ structure and concrete performances.