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Abstract: Construction and demolition (C&D) waste has seriously affected the ecological environment. The utilization of C&D waste resources can greatly alleviate this problem, and it is an important way to help achieve the goal of zero carbon in 2050. In this study, insulation concrete blocks were developed with recycled aggregates, cement, fly ash as main raw materials, expanded polystyrene (EPS) insulation boards as block insulation filling material, and self-developed construction waste composite activator, interface enhancer, surface modifier and other additives. Through experimental research and performance test analysis, the best mix ratio of the product and the mechanism of each additive were proved. The experimental results showed that the insulation concrete block prepared under the conditions of recycled aggregates sand ratio of 45%, active activator Na2SO4 content of 0.15% and fly ash content of 30% has the best performance and meets the relevant standards.
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1  Introduction

Urbanization and urban renewal have led to a surge in C&D waste. It is estimated that the annual C&D waste in China is about 3.5 billion tons [1], and increases at a rate of about 10% per year. In 2018, China’s carbon emissions of the production stage of construction materials accounted for 28.3% of the national carbon emissions [2]. The development model of construction industry, which is mainly characterized by non-renewable resources and energy [3], must turn to a new model of green resources and energy, ecologically friendly and high-quality development [4]. The rapid development of urbanization and infrastructure requires a lot of building materials such as sand and stone. On the one hand, a large number of C&D waste is piled up and landfilled, which takes up land resources. On the other hand, construction materials are becoming increasingly scarce. C&D waste consists mainly of concrete, bricks, metals, wood, plastics, gravel, ceramics and glass [5], most of which are reusable materials [6]. The EU produces about 850 million tons of C&D waste annually, accounting for 31% of total waste generated within the EU [7]. The recycling rate of C&D reaches as high as 75% in some European countries [8], but the reuse rate is far less than that in China [9]. A large amount of C&D waste in China provides sufficient raw materials for its large-scale treatment and resource utilization [10]. Therefore, the resource utilization of C&D waste cannot only solve the environmental problems, but also alleviate the cost problem caused by the shortage of construction materials [11].

At present, the resource utilization mode of C&D waste in China is mainly onsite utilization, and the waste into the plant for resource treatment projects is mainly waste concrete, broken bricks and tiles [12]. Recycled aggregates are mainly used in road base, roadbed, production of recycled aggregates bricks and blocks, recycled aggregates concrete and mortar [13,14]. Aggregates account for 70%–80% of the total volume of concrete [15]. The annual consumption of aggregates in China is about 20 billion tons, accounting for nearly 50% of the world’s annual output [16,17]. As a substitute for storing C&D waste in landfills, the use of recycled aggregates creates a new market opportunity for development [18]. C&D waste recycled aggregates partially or completely replace traditional aggregates to prepare concrete, which can not only reduce the damage to natural resources, but also reduce the cost of construction products [19]. At present, some research on the resource utilization of C&D waste focus on the mechanical properties of recycled aggregates. The different sources of waste, production processes and uses of recycled products make the test results different. A study undertaken at the University of Liverpool has determined that levels of replacement of newly quarried with recycled demolition aggregates will not have a significant adverse impact on the mechanical properties of the concrete building blocks and concrete paving blocks [20,21]. Bravo et al. [22] analyzed the mechanical performance of concrete with recycled aggregates from C&D waste from various locations in Portugal and concluded that the use of recycled aggregates worsens most of the properties tested, especially when fine RA is used. Zhang et al. [23] analyzed the physical and chemical properties of C&D waste materials in subgrade engineering and the results showed that recycled C&D waste aggregates with proper grading and strict construction technologies perform well. Zhang conducted a comparative study on the mechanical and durability properties of fiber-reinforced concrete made from recycled coarse aggregates and natural aggregates [24].

With the comprehensive and mandatory implementation of China building energy-saving standards, the study and production of thermal insulation blocks have gradually become a research hotspot. Thermal insulation blocks of various materials, such as sintered coal gangue composite thermal insulation blocks [25], new volcanic slag self-insulation blocks [26,27] and HB concrete self-insulation blocks [28], have attracted the attention of scholars from different industry backgrounds. It is also one of the main research directions for scholars to use recycled aggregates from C&D waste to produce blocks. The experimental research of thermal insulation block mainly focuses on its heat transfer coefficient and thermal insulation performance. Li et al. [29] used ceramsite and C&D waste as coarse aggregates to prepare ceramsite concrete hollow block, and filled the holes of the hollow block with gypsum and polystyrene particles. The ratio, compressive strength and thermal performance were studied experimentally. Xu et al. [30] designed a new type of full-bridge insulation block. Compared with the traditional full-bridge insulation block, the compressive strength decreased by 2.5%, but the insulation performance increased by 23.0%. Zhang [31] tested the thermal performance of different block walls, and thought that the heat transfer coefficient of recycled concrete self-insulation block walls were affected by the amount of recycled fine aggregates and vitrified beads. Taking C&D waste as coarse aggregates, He developed a new type of bearing and thermal insulation block with a thickness of 310 mm. The test results showed that the heat transfer coefficient of recycled aggregates wall is lower than that of natural aggregates wall under the same conditions. The focus of experimental analysis of ordinary block is its compressive strength [32]. Liu et al. [33] conducted axial compression tests on 36 recycled concrete block masonry to study its compression failure characteristics and compression performance. The experimental analysis showed that the compressive strength design value is slightly lower than the compressive strength design value of concrete perforated brick masonry in the specification. Zhao manufactured concrete blocks with different replacement ratios of natural aggregates in the factory, and monitored their mechanical properties and durability [34]. Abdulmatin used calcium carbide residue and bagasse ash as substitute cementing materials for Portland cement, and used 100% recycled concrete aggregates instead of natural aggregates to make inter-locking concrete blocks and studied their performance [35]. Huang et al. [36] studied the influence of EPS filling method and filling rate on the thermal insulation performance of composite self-insulation block, and considered that under the same filling rate, the filling of EPS should be as close as possible to the interior of the wall, which is more conducive to the insulation effect.

Based on the existing research results, the material composition of C&D waste was analyzed in detail. The composite activator, interface enhancer and composite surface modifier agent for C&D waste were developed, which solved the problems of low reactivity of construction waste, poor interface bonding of construction waste building materials and high water absorption. Through experimental research and performance test analysis, the optimal mix proportion of insulation concrete block with construction waste as the main raw material was determined, and the action mechanism of each additive was proved. The products are tested by the relevant departments, and the performance indicators meet or exceed the requirements of JG/T 407-2013 “Self-thermal insulation concrete composite block”.

2  Test Materials

2.1 C&D Waste

The C&D waste used in this project is generated from the demolition of old buildings in urban areas.

The reinforcement and wood were sorted out firstly, and the main components of C&D waste were waste concrete, waste brick and marble. The project cooperation company carried out coarse breading, sorting, magnetic separation, fine breaking and screening. The processed aggregates met the requirements of (GB/T 25176-2010) “Recycled fine aggregates for concrete and mortar”.

2.2 Cement

The commercially available ordinary portland cement with the strength grade of 42.5 (P. O 42.5R) cement was used in this experiment, which met the requirements of the national standard GB 175–1999 for ordinary portland cement.

2.3 Fly Ash

The fly ash is a byproduct formed in the process of pulverized coal combustion in coal-fired power plants. The fly ash used in this experiment is from a power plant, which belongs to grade II fly ash. The fly ash is tested according to GB/T 1596-2005 “Fly ash used in cement and concrete”. Each index meets the standard requirements. The chemical composition analysis is shown in Table 1.
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2.4 Slag Powder

The fineness of the slag powder (SP) used in the experiment is 2000 meshes. The chemical composition and main physical properties are shown in Table 2.
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2.5 Water Glass

Water glass was purchased in a chemical market.

2.6 Polyvinyl Alcohol (PVA)

PVA is a white powdered solid, which belongs to watersoluble polymer and is widely used.

2.7 Composite Activator for Recycled Waste

The surface reactivity of recycled aggregates prepared by C&D waste is relatively low. In order to stimulate its potential activity, a composite activator for recycled aggregates of C&D waste was developed and used in this experiment, which is mainly composed of sulfate and alkali substances compounded according to the appropriate ratio.

2.8 Interface Enhancer

Recycled aggregates and cement matrix interface bonding strength is relatively low, there will be many voids. In order to make the combination of the two more solid, a self-made interface enhancer used in this experiment was mainly prepared by PVA solution and redispersible emulsion powder in a certain proportion.

2.9 Surface Modifier

There are a large number of pores and cracks in recycled aggregates of C&D waste, which will lead to the low overall strength and density of recycled aggregates. In order to modify its surface, the research group developed a surface modifier, which was made of a certain proportion of SP slurry, water glass (WG) solution and polyvinyl alcohol (PVA) solution.

2.10 Thermal Insulation Material

The polystyrene foam insulation material-EPS insulation boards were used as the insulation filling material in the experiment. The main physical performance indexes are shown in Table 3.
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2.11 Other Materials

Water reducer, fly ash active activator and other additives are also used in this experiment. The water used in the test is ordinary tap water.

3  Test Process and Method

3.1 Preparation Technology of Recycled Aggregates from Construction Waste

The preparation process of C&D waste recycled aggregates is shown in Fig. 1. First, the bulk of C&D waste generated by demolition was hammered, vibrated and crushed, and then transported back to the project cooperation company for primary crushing by jaw crusher. The crushed C&D waste was subjected to impurity separation and magnetic separation to remove wood, organic materials and iron materials. Then, 0–40 mm aggregates was obtained after the first stage screening. The fine aggregates with the particle size of 0.15–5 mm and coarse aggregates with the particle size of 5–20 mm were finally obtained by secondary crushing and screening. Fine powder less than 0.15 mm produced during processing can be used as backfill or mortar mixture after screening lime soil. The recycled aggregates meet the secondary particle gradation of the standard requirements of GB/T 25176-2010 “Recycled fine aggregates for concrete and mortar”. The recycled aggregates of C&D waste crushing are shown in Fig. 2.
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Figure 1: Flow chart of C&D waste recycled aggregates preparation
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Figure 2: Recycled aggregates from C&D waste

3.2 Modification of Recycled Aggregates from C&D Waste

There are a large number of holes and cracks on the surface of recycled aggregates of C&D waste. The existence of these holes and cracks will reduce the overall strength and density of recycled aggregates, and the water absorption and crushing index are significantly increased. That is, the quality of recycled aggregates is poor. Therefore, surface modification of C&D waste recycled aggregates is very important and necessary.

The modification method of this experiment is as follows: Firstly, SP slurry, WG solution and PVA solution with certain mass concentration are prepared, respectively. The recycled aggregates are soaked in the SP slurry for 1 h, and then are taken out for air-drying. Then the recycled aggregates after air-dried are soaked in the PVA solution for 1 h, and closed then is taken out for air-drying. According to the above method, the modified recycled aggregates samples 2–8 were obtained after soaking in different solutions and air-drying. The solution concentration and test ratio are shown in Table 4.
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3.3 Preparation Technology of Thermal Insulation Concrete Block

Using cement, fly ash, recycled aggregates of C&D waste and EPS insulation board as main raw materials, the insulation concrete block was prepared by adding composite activator, composite waterproofing agent and interface strengthening agent of insulation materials. The surface of EPS insulation board needs to be sprayed with interfacial strengthening agent to ensure the strong bonding between EPS insulation board and matrix material. The interface treated EPS insulation board was preset to the fixed position in the grinder. Other materials are compounded with EPS insulation board by metering and mixing, and then demoulded and cured to produce insulation concrete block. The insulation block is shown in Fig. 3. The production process is shown in Fig. 4.
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Figure 3: Sample photos
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Figure 4: Production process diagram of thermal insulation concrete blocks

4  Results and Discussion

4.1 Surface Modification Analysis of Recycled Aggregates

4.1.1 Effect of Composite Modification on Saturated Water Absorption of Recycled Aggregates

Test the saturated water absorption performance of modified recycled aggregates in Table 4, and the results are shown in Table 5 and Fig. 4.
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Fig. 5 shows the effects of different modification methods on the saturated water absorption of recycled aggregates. Compared the Sample 1 and Sample 4, we found the influence of slurry concentration on the saturated water absorption of recycled aggregates was obvious, and the saturated water absorption decreased from 8% to 5%. Compared with the unmodified sample 0, the saturated water absorption of Samples 5–8 modified by three solutions decreased significantly. In addition, by comparing 5–8 samples, it can be found that the concentration change of WG solution and PVA solution had little effect on the saturated water absorption rate. The saturated water absorption of recycled aggregates after composite modification changed obviously, which was significantly lower than that of Sample 0, and the effect was good. Sample 6 modified by 10% SP slurry, 5% WG solution and 10% PVA solution had the best effect, and its saturated water absorption is only 2.7%, which is 10% lower than that of Sample 0 without modification.
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Figure 5: Saturated water absorption of composite modified recycled aggregates

4.1.2 Effect of Composite Modification on Crushing Index of Recycled Aggregates

The crushing index of construction waste recycled aggregates was tested according to the concrete recycled aggregates standard GB/T 25177-2010. The test results are shown in Table 6 and Fig. 5.
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It can be clearly seen from Fig. 6: Compared with Sample 1 and Sample 4, the solution concentration had a certain influence on the crushing index of recycled aggregates, and the crushing index decreased with the increase of treatment solution concentration. Compared with the crushing index of Samples 5–8, the change was not obvious, but the crushing index was low, indicating that the WG solution can promote the modification of SP slurry on aggregates to a certain extent.
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Figure 6: Crushing index of composite modified recycled aggregates

The crushing index value of recycled aggregates samples after composite modification changed significantly, and decreased greatly. The crushing index value of Sample 7 is only 8.7%, which is 14.3% lower than that of Sample 0 without modification.

4.1.3 Surface Micro-Morphology Analysis and Modification Mechanism of Composite Modified Recycled Aggregates

The scanning electron microscope (SEM) of Sample 0 without modification of C&D waste recycled aggregates is shown in Fig. 7a. The SEM of Sample 4 modified by SP slurry and PVA solution is shown in Fig. 7b. The SEM of Sample 6 modified by SP slurry, WG solution and PVA solution is shown in Fig. 7c.
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Figure 7: SEM of recycled aggregates sample (a) Sample 0 without modification (b) Sample 4 modified by SP slurry and PVA solution (c) Sample 6 modified by SP slurry, WG solution and PVA solution

After modification, the recycled aggregates of C&D waste will produce more cementitious products attached to the surface of the aggregates, and defects such as pores and cracks of the recycled aggregates will be filled by a large number of hydration products. The main reason is that the particle size of SP is small, which is significantly smaller than that of fly ash and cement particles. It is easier to fill the tiny holes and gaps on the aggregates surface, so that the hydration products can effectively fill the defects such as micro cracks and pores, and make the aggregates structure more compact. WG and PVA solutions are used to further modify the aggregates. WG and PVA solution can promote the hydration of SP and mix together to form a composite cementitious material, which is filled in the defects such as holes and cracks on the surface of recycled aggregates, so that the overall structural strength of recycled aggregates is improved.

When the C&D waste composite modified recycled aggregates are used to prepare concrete, the modified interface can further improve the bonding strength between recycled aggregates and cement matrix. At the same time, the existence of PVA can also form a flexible interface layer between the two. The internal stress of concrete products is caused by the different shrinkage degrees of recycled aggregates and cement paste, and the existence of this flexible interface layer will reduce the internal stress.

Therefore, the recycled aggregates modified by SP, WG and PVA solution not only repair the defects on the surface of recycled aggregates, but also form an interface layer on the surface of recycled aggregates that is conducive to the combination with cement matrix materials, which is conducive to improving the strength and performance of concrete products.

4.2 Experimental Performance Analysis of Recycled Thermal Insulation Block

As a new type of non-load-bearing wall insulation material, it is very important to study the basic mechanical properties and thermal insulation performance of thermal insulation concrete blocks. The basic mechanical properties and thermal performance of insulation concrete blocks were experimentally studied, mainly including the influence of recycled aggregates sand ratio, recycled aggregates active activator, and fly ash content on the mechanical properties of blocks, and the influence of EPS insulation board’s density on the thermal insulation performance.

The strength grade of the insulation concrete block is MU5.0, and the main specification size is 390 mm × 240 mm × 190 mm.

4.2.1 Effect of Recycled Aggregates Sand Ratio γ on the Performance of Insulation Concrete Blocks

In this experimental study, the ratio of cement to recycled aggregates is 1:5, the water-cement ratio is 36%, and the dosage of water reducer is 1% of the cement content. The effect of recycled aggregates sand ratio γ, which is the ratio of recycled fine aggregates to recycled aggregates, on the strength of the block was investigated. The 28 d compressive strength of the test sample was analyzed and compared by changing the sand ratio of recycled aggregates and the best value of γ was obtained. The test ratio and results are shown in Table 7 and Fig. 7.
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It can be seen from Table 7 and Fig. 8 that with the increase of recycled aggregates sand ratio γ, the 28-day compressive strength of the insulation concrete block shows a trend of first increase and then decrease, and when the value of 
γ 
is 45%, the maximum strength is 10.56 MPa. The experimental results are basically consistent with the research results of some scholars.
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Figure 8: Influence of recycled aggregate sand ratio on 28 d compressive strength

The main reason for this phenomenon is: recycled coarse aggregates after crushing process will have a larger surface roughness and more corners. When the proportion of recycled coarse aggregates in recycled aggregates is relatively high, the cement mortar formed in concrete is not enough to cover the gap between aggregates surface and filled aggregates [37]. When the raw materials are mixed, the workability of the formed slurry will become worse, which makes the segregation and bleeding more likely, and the defects in the slurry will increase accordingly. After mixing evenly, a large number of pores will exist between coarse aggregates particles. In the process of material compression, these pores are easy to be damaged, making the compressive strength of the sample lower. On the contrary, when the proportion of fine aggregates in recycled aggregates increases, the cement mortar in concrete increases gradually [37], fine aggregates can play a role of lubrication in the slurry, thereby reducing the friction resistance between coarse aggregates particles and increasing the workability of the slurry. At the same time, fine aggregates will be filled into the gap between coarse aggregates, so that the number of pores between particles is reduced, thereby improving the structural compactness of insulation concrete blocks matrix material. Therefore, with the increase of the proportion of recycled fine aggregates, the compressive strength of the sample is also gradually increasing. When the proportion of fine aggregates reaches 45%, the compressive strength reaches the maximum of 10.56 MPa.

With the increase of sand ratio, the compressive strength will decrease, because when the proportion of fine aggregates is relatively high (greater than 45%), the total surface area of aggregates will increase. Therefore, the amount of cement slurry used to coat fine aggregates will increase. Without changing the amount of cement slurry, the amount of slurry coated on the surface of aggregates will decrease. The skeleton effect of coarse aggregates is weakened with the increase of sand content and the decrease of coarse aggregates content [38]. Compared with the recycled coarse aggregates, the water absorption of recycled fine aggregates is higher, which will reduce the actual water cement ratio of cement slurry, and the fluidity will deteriorate accordingly. These two factors reduce the workability of concrete mixture, so that the compressive strength of thermal insulation concrete block samples gradually reduced.

4.2.2 Effect of Recycled Aggregates Active Activator on the Performance of Insulation Concrete Block

In this study, two kinds of active activators were selected: Ca(OH)2 and Na2SO4. By changing the content of Ca(OH)2 and Na2SO4 in turn, with 0.05%, 0.10%, 0.15%, 0.20% and 0.25%, respectively, the compressive strength of self-insulation concrete block samples is studied. The test results are shown in Fig. 9.
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Figure 9: Effect of Ca(OH)2 and Na2SO4 content on compressive strength of block

It can be seen from the variation trend that: (1) The addition of Ca(OH)2 and Na2SO4 can improve the compressive strength of the insulation concrete block samples to different degrees. (2) Under the same content of Ca(OH)2 and Na2SO4, it can be clearly seen that the influence of Na2SO4 on the strength of the block is greater than that of Ca(OH)2, and the difference is obvious. (3) When the addition of Ca(OH)2 and Na2SO4 increased, the variation trend of compressive strength of the samples was basically the same, showing a trend of first increase and then stability. It can be determined that the optimum content of Ca(OH)2 is 0.20%, the optimum content of Na2SO4 is 0.15%, and the corresponding compressive strength is 7.8 MPa and 8.2 MPa, respectively, which is 8.3% and 13.9% higher than that of the blank sample. (4) Ca(OH)2 and Na2SO4 can meet the requirements of MU5.0 strength grade under the condition of the best dosage, and have a certain excess strength.

The main components of recycled aggregates from C&D waste are concrete recycled aggregates, mortar recycled aggregates and clay brick recycled aggregates. The concrete recycled aggregates and mortar recycled aggregates may contain unhydrated silicates, such as C2S, C3S, etc. Given certain conditions, hydration reaction can continue, which is conducive to the formation of hydrated calcium silicate gel. Therefore, these recycled aggregates have potential hydration activity. Similarly, the recycled aggregates of sintered clay brick contain Al − Si vitreous body. 
SiO2
and Al2O3 in Al − Si vitreous body are active, which can react with Ca(OH)2 to generate calcium silicate hydrate and calcium aluminate hydrate, so it also has potential hydration activity. If the activator is not added, the self-activity of recycled aggregates is difficult to be stimulated. Adding alkali activator and sulfate activator in the aggregates can fully and effectively stimulate its hydration activity, to improve the compressive strength of block samples. Observing the sample with an SEM, the interface of the sample without activator is relatively loose, as shown in Fig. 10a, and the interface of the sample with 0.15% Na2SO4 is relatively close, as shown in Fig. 10b.
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Figure 10: SEM of sample (a) sample without activator (b) sample with 0.15% Na2SO4 content

4.2.3 Effect of Fly Ash Content on the Performance of Insulation Concrete Block

Fly ash contains soluble 
SiO2
and Al2O3, which have high potential hydration activity. In order to better improve the performance of the block, it is necessary to effectively stimulate the potential hydration activity of fly ash. In this experiment, the basic ratio was kept unchanged, and some cement was replaced by fly ash. The ratio of cement to material was 1: 5.0, and the consistency of mortar was 77 mm. The proportion of fly ash is 0%, 5%, 10%, 15%, 20%, 25%, 30%, and 35%. The effect of fly ash content on the performance of blocks is shown in Fig. 10.

As can be seen from Fig. 11, the compressive strength of the block decreases with the increase of fly ash content. Although the strength decreases when the fly ash content is less than 20%, the decrease is small. When the fly ash content is 30%, the compressive strength of the block is 5.45 MPa. When the fly ash content is greater than 30%, the compressive strength of the block is less than 5.0 MPa. In order to ensure the strength performance index of insulation concrete block, the optimum dosage of fly ash is determined to be ≤30%.
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Figure 11: Influence of fly ash content on 28 d compressive strength of blocks

4.2.4 Thermal Insulation Performance of Concrete Block

The thermal insulation performance of concrete blocks mainly depends on the performance of thermal insulation materials. The types of thermal insulation materials include organic and inorganic thermal insulation materials. Organic insulation materials have excellent thermal insulation performance, including foamed polystyrene board, extrusion board, polycarbonate, rigid foam polyurethane and phenolic foam plastics. In this experiment, polystyrene foam insulation board (also known as EPS insulation board) was used as the sandwich insulation material of insulation concrete block.

EPS insulation board is a foam material with closed cell structure formed by foaming and molding with polystyrene resin as the main component. It has the advantages of small thermal conductivity, good thermal insulation effect and lightweight. It is an ideal thermal insulation material and has wide market demand.

In this experiment, a polystyrene board with the density of 18–20 kg/m3 was used as raw material to prepare the insulation concrete block, and its thermal conductivity was 0.0361–0.040 W/(m⋅K). According to the national standard of building energy-saving 75%, the thermal resistance of the wall should not be less than 2.5 m2⋅K/W. According to this thermal resistance value, the thickness of the EPS insulation board is as follows:

The thermal resistance of the 1-meter-thick EPS insulation board is 1/0.04 = 25 (m2⋅K/W)

The thermal resistance of the 0.1-meter-thick EPS insulation board is 0.1/0.04 = 2.5 (m2⋅K/W)

In other words, if the thermal insulation performance of concrete is ignored, the thickness of the sandwich layer of the insulation concrete block should not be less than 0.1 m, so we designed the block structure of the insulation concrete block as shown in Fig. 12. The thickness of the middle insulation layer is 60 mm, and the thickness of the insulation layer on both sides is 50 mm. According to the thermal design calculation method of GB 50176–2016 “Code for thermal engineering of civil buildings”, the thermal resistance value of the sample is 3.28 (m2⋅K/W). According to GB/T 13475-2008 “The determination of thermal insulation steady state heat transfer properties-Calibration and protection hot box method”, the thermal resistance of insulation concrete block masonry wall is tested by hot box method, and the actual thermal resistance value is 2.62 (m2⋅K/W), which meets the national standard of 75% energy saving.
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Figure 12: Thermal insulation concrete block

The thermal design calculation method:


R¯=Rou+Rol2−(Ri+Re)
(1)


Rou=1∑i=1nfiRoui
(2)


Rol=Ri+∑j=1n⁡Rj+Re
(3)


Rj=1∑i=1nfiRij
(4)

where 
R¯
is the thermal resistance of heterogeneous composite enclosure structure (m2⋅K/W), Rou is thermal resistance at isothermal heat transfer surfaces on both sides, Rol is thermal resistance when the inner heat transfer surface is isothermal, Ri is internal surface heat resistance, Ri = 0.11 (m2 ⋅ K/W), Re is external surface thermal resistance, Ri = 0.04 (m2 ⋅ K/W), fi is the percentage of area to total area parallel to heat flow, Roui is the thermal resistance of parts parallel to heat flow, Rij is the thermal resistance of each part of layer j perpendicular to heat flow.

5  Conclusions

The experimental results show that the sand ratio of recycled aggregates, active activator and fly ash content have effects on the strength of insulation concrete blocks.

(1)   With the increase of recycled aggregates sand ratio, the 28 d compressive strength of the insulation block samples increases first and then decreases. When the sand ratio is 45%, the compressive strength of the sample reaches the maximum. When the sand ratio is 40% and 50%, the compressive strength of the sample is basically the same.

(2)   Both Ca(OH)2 and Na2SO4 can improve the compressive strength of recycled insulation concrete block samples, and the influence of Na2SO4 on the sample is more obvious than that of Ca(OH)2. When the content of Ca(OH)2 is 0.2% and Na2SO4 is 0.15%, the test performance of the sample is the best.

(3)   With the increase of fly ash content, the compressive strength of insulation block samples decreases gradually. When the fly ash content is less than 15%, the compressive strength of the sample decreases slightly. When the fly ash content is more than 20%, the compressive strength of the sample decreases rapidly.

(4)   The insulation block adopts the three-layer EPS insulation board structure. When the thickness of the middle layer is 60–80 mm and the two sides’ layer is 50–70 mm, the equivalent thermal resistance calculation and the actual detection of the thermal resistance value meet the current building energy-saving 75% standard requirements.
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Table 3: Main physical performance indexes of EPS 1nsulation board

Physical performance Unit Index
Apparent density kg/m? 18~20
Compression strength kPa =100
Thermal conductivity W/(m- K) <0.040
Tensile strength perpendicular to the plane MPa 20.10
Water absorption ( volume fraction ) % 3
Size stability % <0.3
Water vapor permeability coefficient ng/(pa-m-s) <4.5
Bending deformation mm >20

Combustion performance grade

not lower than level Bl
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Table 4: Solution concentration and test ratio of composite modified recycled aggregates

No. SPslurry % WG solution %  PVA solution %
0 _ _ _

1 5 - 5

2 5 10

3 10 5

4 10 - 10

5 10 5

6 10 10

7 10 10 5

8 10 10 10
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Table 7: Influence of recycled aggregates sand ratio on 28D compressive strength

No. Consumption per unit volume/kg-m > 28 d compressive
trength (MP
Cement Recycled aggregates Water Water reducing agent strength (MPa)
y Fine aggregates Coarse aggregates
I 260 30 390 910 90 2.6 9.26
2 260 35 455 845 90 2.6 9.66
3 260 40 520 780 90 2.6 10.36
4 260 45 585 715 90 2.6 10.56
5 260 50 650 650 90 2.6 10.38

Note: 28 days compressive strength takes the average strength of three specimens. When the difference between one of the maximum or minimum
values of the three specimens and the intermediate value exceeds 15% of the intermediate value, the intermediate value is taken. When the difference
between the maximum and minimum values of the strength of the three specimens and the intermediate value exceeds 15% of the intermediate value,
this group should not be used as the basis for strength evaluation.
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Table 1: Chemical composition of fly ash/%

Chemical composition  SiO, AlL,O3; FeyO; CaO  MgO  SO; Na,O K,O Loss

Content 5243 18.81 9.30 745 577 225 0.86 207 0095
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Table 6: Crushing index of composite modified recycled aggregates

No. 0 1 2 3 4 5 6

Crushing index % 23 14.2 13.8 12.7 12.1 11.5 10.4
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Table 2: The chemical composition and main physical properties of SP

Category Chemical composition/% specific surface  density activity
2 -1 -3 :
) -k . dex (28 d)%
Ca0 S0, ALO; Fe,05 Mgo ed(mrker) (gem™) index (28 d)%

Content 3785 3247 1573 0.62 10.10 495 2.90 96
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Table 5: Saturated water absorption of composite modified recycled aggregates

No. 0 1 2 3 4 5 6 7 8

Saturated water absorption % 12.7 8 7 6.3 5 4.4 2.7 3.1 2.9
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