The following 36 papers are collected by Prof. Yao Yan, Prof. Wang Ling and Dr. Wang Zhendi from china.
1. Jin Zuquan, Sun Wei, Jiang Jinyang, et al. Frost Resistance of High-Volume Mineral Admixture Concrete Exposed to Attack of Chloride, Sulfate and Their Combination [J]. Journal of Nanjing University of Aeronautics & Astronautics, 2010, 42(6):797-801.  

Abstract

The freeze-thaw durability of high-volume mineral admixture concrete (HVMAC) subjected to water, 10% NaCl (in mass) solution, 5% MgSO4 and the compound solution of the above mentioned solutions are studied by an accelerated freezing-thawing method. Results show that the deterioration of the concrete subjected to 10% NaCl solution and 5% MgSO4 solution are speeded up as a result of the accelerated crack propagation induced by the interaction between the propagation of cracks and the crystallization pressure of NaCl, or the chemical corrosion induced by MgSO4. Freezing-thawing durabilities of concrete subjected to 10% NaCl solution and 5% MgSO4 solution are decreased by 56% and 33%, respectively. For the concrete exposed to the compound solution, the freezing-thawing durability is doubled for the synthetic effect of the solution, the freezing point is decreased and the chemical corrosion is reduced. As the composition of the saline soil is a compound, HVMAC is suitable for saline soil.
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2. Jin Zuquan, Sun Wei, Jiang Jinyang, et al. Damage of concrete attacked by sulfate and sustained loading [J]. Journal of Southeast University (English Edition), 2008, 24(1):69-73.

Abstract
The damage processes of ordinary concrete and high strength concrete, attacked by solutions of 2.5%, 5.0% and 10% Na2SO4 (mass fraction) are studied. And the effects of flexural loadswith stress ratios of 25% and 50% of the initial flexural strength on the damage process ofconcrete are also investigated. The results show that the damage process ofconcrete attacked by sulfate salt exhibits an initial damaged stage, a performance improving stage and a performance worsening stage.When the concentration of Na2SO4 in a solution increases from 2.5% to 5.0%, the service time of the concrete decreases approximately 25%. Furthermore, itdecreases to even40% with an increase in a Na2SO4 concentration up to 10%. And the flexural load accelerates the deterioration rate of the concrete in the latter period.The stress ratio increases from 0 to 25%, the failure time of the concrete decreases 15%; and the failure time decreases between 25% and35% when the stress ratio increases from 25%

to 50%. In addition, sulfate corrosion products of concrete are studied by SEM (scanning electron microscopy), EDS (energy disperse spectroscopy) and XRD (X-ray diffraction).

Key words:concrete; sulfate; flexural load;microstructure

3. Jin Zuquan, Sun Wei, ZhangYunsheng, et al. Study on damage of HPC under the corrosion of chloride and sulfate [J]. Industrial Construction, 2005, 35(1):5-7.

Abstract

Based on taking corrosion test of concrete immersed in 3.5% weight of NaCl, 5% weight of Na2SO4 and compound solutions(3.5% NaCl + 5% Na2SO4), it has been studied thatthe free chloride diffusion and mechanical damage, based on relative Young's modulus, of concrete that include two grades of strength and three types of mineral admixture.The results suggest that the free chloride content of C30 should be 2 times that of C50, and free chloride diffusion coefficients be 1.7~1.95 times. Moreover, the mineral admixtures may improve chloride and sulfate ion resistance capacity of concrete, and the sulfate decreases chloride resistance capacity of concrete,aswell as the chloride decreases the sulfate's damage speed of concrete.
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4. Jin Zuquan, Sun Wei, ZhangYunsheng, et al. Study on Carbonation of Concrete under Loading [J]. Journal of Building Materials, 2005, 8(2):179-183. 

Abstract 

Based on accelerated carbonation test of concrete with curing age of 28d and 90d, the model of carbonation durability failing with time (CDFT) was studied. Effects of different loading rate and curing age on carbonation resistance of concrete were also studied. The results show that the CDFT of HPC can regress to D=atb, and loading lowers the carbonation resistance of concrete, the carbonation depth increases by 22.2% ~ 100.0%, and the relation of carbonation depth and loading rate can regress to Dσ=D0(1+k(Sσ)m). Moreover, the longer the curing age, the higher the carbonation resistance of concrete.
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5. Mu Ru, Yan An, Sun Wei. Frost Resistance of High Strength Concrete on Preloading Flexural Stress [J]. Journal of Southeast University, 1998, 28(4):138-144.

Abstract

Concrete damage is the result of the action of many factors. This paper presents the effect of external flexural load on the frost resistance of high strength concrete with and without air-entrained. The preloading flexural stress range from 0 to 50 percent of the modulus of rupture of specimens. It is shown that the damage of concrete specimens with high level preloading stress is primarily caused by stress concentration where the microcracking is initialed by freezing-thawing cycles. Freezing-thawing cycles is the main reason for the damage of concrete specimens with low level preloading.

Key words:　high strength concrete; frost resistance; dynamic modulus of elasticity; air-entrainment; freeze-thaw cycles; durability; loads

6. Mu Ru, Miao Changwen, Sun Wei, et al. Effect of Sodium Sulphate Solution on the Frost Resistance of Concrete [J]. Journal of Building Materials, 2001, 4(4):311-316. 

Abstract

In this paper, the freezing and thawing properties of concrete in sodium sulphate solution were investigated. The experimental results showed that the influence of sodium sulphate solution is different for concrete with different mw/mc. For concrete with higher mw/mc, the decrease of relative dynamic modulus of elasticity exhibites a slight slower in sulphate solution than that in fresh water during the process of freezing and thawing cycles. In sulphate solution, the concrete can take more cycles of freezing and thawing than that in water. However, for high strength concrete with lower mw/mc, the failure of concrete occurs earlier in solution than that in fresh water due to the sulphate attack. The failure mode is brittle crack.
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7. Jin Zuquan, Sun Wei, Zhao Tiejun, et al. Damage of concrete attacked by sulfate and chloride salts [J]. Journal of Southeast University (Nature Science Edition), 2006, 36 Sup(II):200-204.

Abstract

Evaluation of Erd vs. corrosion time of concrete and damage function were investigated. Two sets of plain concrete with mass ratio of water to binder being 0.37 and 0.45 respectively, were used. Two series of corrosion solutions including plain sulfate solutions (2.5%, 5.0%, 10%Na2SO4) and composite solutions (10%Na2SO4 + (0.7%, 13%) NaCl solutions) were adopted. Corrosion system was composed of drying-immersion cycles. Results show that damage process of concrete exposed to Na2SO4 or composite solutions consists of initial damage stage, improving performance stage，and deterioration stage. Damage function of concrete includes liner function and quadratic function，and the concentration of sulfate and chloride is correlated with the coefficient of quadratic term. Increasing concentration of sulfate in solution speeds up the damage process in concrete，however the presence of chloride in composite solution can retard the damage. In order to elucidate the above experimental results, corrosion products of paste with the same W/B as concrete and exposed to different corrosion times and different solutions were investigated by TG-DSC-XRD.
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8. Sun Wei, Yu Hongfa, Wang Qing, et al. Effect of Flexural Stress on Bittern Freezing-thawing Durability of Concrete Exposed to Salt Lakes [J]. Journal of Wuhan University of Technology, 2005, 27(7):46-49.

Abstract

Durability of ordinary Portland cement concrete, high strength concrete and high performance concrete subjected to the combined action of freezing-thawing cycles and bittern attack with and without loading were tested. Results showed that the present of loading, while exceed a certain value, accelerated the decrease of concrete relative dynamic modulus. Analysis showed that steel fiber reinforced high strength and high performance concrete presents outstanding advantage for the application of salt lake region.

Key words: bittern; high strength concrete; high performance concrete;　freezing-thawing cycles;　chemical attack

9. Sun Wei, Liu Zhiyong. Durability and Service Life Prediction of Concrete under Coupling Action of Chloride Penetration and Carbonation in Sea Air [A]. Serviceability of Underground Structures--Proceedings of the 1st International Workshop on Service Life Design for Underground Structures [C]. October, 2006:21-31.

Abstract

Based on electrochemistry theory and analysis of damage mechanis，this contribution

Proposed s a framework to predict durability and service life of concrete under simultaneous actions of chloride penetration and carbonation. A model is built to express the corrosion rate of steel bar as a function of PH value and logarithm of [Cl-] of pore solution in concrete. By virtue of accelerated spraying saline fog and carbonation experiments, the critical state equation of rebar depassivation is established. And also, a modified carbonation model is proposed to link with the critical PH value in pore solution of steel depassivation. Finally, this model is employed to investigate the influence of mineral admixture on the service life of concretes at various water-to-binder ratios.

10、 Sun Wei, Zhang Yunsheng, Chen Shudong. Durability of Fly Ash Concrete Subjected to the Combined External Load and Freeze-Thaw Cycles [A]. Serviceability of Underground Structures--Proceedings of the 1st International Workshop on Service Life Design for Underground Structures [C]. October, 2006:155-162.

Abstract

In this paper，the durability of fly ash concretes made with different cement replacement percentage by fly ash (0%，20%，40%，60%) and water to binder ratios (0.3，0.35，0.4) is systemically investigated under the simultaneous action of external bending load and freeze-thaw cycles. The relative dynamic modulus (RDM) and weight loss are used as two important indices for evaluating the damage degree. Experimental results show that fly ash content has great impact on frost resistance of fly ash concrete. For the concrete with high fly ash content，the weigh loss can be a sensitive index for evaluating the freeze-thaw durability, while RDME is very effective for measuring the frost damage of the concrete without or with low fly ash content. A reduction in W/B is helpful to enhance the resistance to freeze-thaw cycles. The larger the cement replacement percentage by fly ash is, the greater the damage is. External stress accelerates the degradation process of concrete exposed to freeze thaw cycles, it is especially evident for the concrete with high fly ash content.

11. Yu Hongfa, Sun Wei, Li Meidan, et al. Effect of flexural stress on strength development of concrete subjected to combined actions of freezing-thawing cycles and chemical attack [J]. Journal of Harbin Institute of Technology, 2011, 42(2):297-301.

Abstract

To study the durability of concrete subjected to multiple damage factors，by adopting high concentration chemical attack solutions，we investigated the strength development of ordinary Portland cement concrete (OPC), high-strength concrete (HSC)，high-performance concrete (HPC)，steel fiber reinforced high-performance concrete (SFRHPC) and high elasticity module polyethylene fiber reinforced high-performance concrete (HEMPFRHPC) subjected to double damage factors (DDF)，which are the combined actions of freezing-thawing cycles and chemical attack，and multiple damage factors (MDF)，which are the combined actions of flexural load，freezing-thawing cycles and chemical attack. Results show that when subjected to 1 500 cycles of DDF or 1 600 cycles of MDF，the compressive strengths of all tested concretes are decreased. Further research indicates that there exists a critical stress ratio for flexural load to impair compressive strength of high grade concrete subjected to MDF，which is 40%, 40%, 20%, and more than 65% for HSC，HPC，PFRHPC and SFRHPC，respectively. It can be concluded that mineral admixture benefits the compressive strength of high grade concrete subjected to bittern MDF，additional steel fiber can even guarantee the continuous increase of flexural strength.

Key words: concrete; durability; freezing-thawing cycles; chemical attack; double damage factors (DDF); multiple damage factors (MDF)

12. Yan Kun, Yu Hongfa, Ma Haiyan, et al. Effects of NaCl Solution and Flexural Stress on Freezing-thawing Durability of Carbonized Concretes [J]. Journal of Wuhan University of Technology, 2010, 32(6):20-22.

Abstract

The freezing-thawing durability of carbonized ordinary Portland cement concrete (OPC), concrete with high content mineral admixture (HCMC) and green high durable concrete (GHDC) subjected to water and 10% NaCl solution with and without loading were studied by accelerated freezing-thawing method. Results show that carbonation reduces the freezing-thawing durability of OPC and HCMC immersed NaCl solution, but it is beneficial to GHDC. When subjected to the combined action of freeze-thaw cycling, NaCl solution and flexural loads, carbonized OPC and carbonized HCMC destructed quickly, and the damage is characterized by the developing of inner cracks, not by the surface scaling. But for GHDC, although been seriously carbonized, it demonstrated very high freeze-thaw durability when subjected to the combined action of freeze-thaw cycling, NaCl solution and flexural loads.

Key words: concrete; freezing-thawing durability;　NaCl;　flexural stress;　carbonation

13. Yan Kun, Yu Hongfa, Ma Haiyan, et al. Effects of Magnesium Sulfate Attack and Flexural Stress on Freeze-thaw Durability of Carbonized Concretes [J]. Journal of the Chinese Ceramic Society, 2008, 36(7):877-883.

Abstract

Through the method of accelerated freeze-thaw, the freeze-thaw durability of three kinds of carbonized concretes subjected to water and 5%MgS04 (in mass) solution with or without loading was studied. The considered concretes include ordinary Portland cement concrete (OPC), concrete with high content mineraI admixture (HCMC) and high durable concrete (HDC) added with high content mineral admixture, expansion agent, fibers and air-entraining agent. Results show that the freeze-thaw durability of carbonized HCMC reduces almost 56%. Carbonation almost has no effect on the freeze-thaw durability of HDC. Effects of sulfate attack, flexural stress and their combination have different influences on the freeze-thaw durability of carbonized concretes．Compared to OPC and HCMC, although HDC is carbonized badly during the process，HDC also has high freeze-thaw durability under sulfate attack, flexural stress and their combination.
Key words: concrete; carbonation; freeze-thaw durability; sulfate attack; flexural stress 

14. Zhang Yunqing, Yu Hongfa, Sun Wei, et al. Stress Corrosion of Concrete Exposed to the Action of Freezing-thawing Cycles [J]. Journal of Civil, Architectural & Environmental Engineering, 2010, 32(6):147-152.

Abstract

Through the method of accelerated freezing-thawing and room-temperature corrosion, the stress corrosion of three kinds of concretes subjected to 5. 0% MgSO4(in mass) solution was studied. The considered concretes include High Strength Concrete(HSC), High-Volume Mineral Admixture Concrete (HVMAC) and High Durable Concrete(HDC) added with high-volume mineral admixture, air-entraining agent, superplasticizer, fibers and expansion agent. The results showed that the relative dynamic elastic modulus of concrete went through strengthen and deterioration stages subjected to stress corrosion, whether the room temperature or freezing and thawing conditions. The length of time of these two stages are closely related with the experimental temperature. Freezing and thawing action significantly accelerated the process of sulphate stress corrosion damage. Under the action of freezing and thawing, stress corrosion strengthening the period length of HSC shorter 96%, deterioration section of the length of time shorter 88%, compared with the length of time at the corresponding room temperature. Deterioration section of the length of time of HVMAC is reduced by 98%, while the HDC reduced by 71%. The effect of freezing and thawing, HDC freezing-thawing cycles when the stress corrosion damage occurred were longer 1.5 times and 13 times than the HSC and HVMAC. Thus in the cold regions, HDC showed more resistance to sulfate stress corrosion.

Key words: concrete; chemical corrosion; stress corrosion; freezing-thawing cycles; relative dynamic elastic modulus

15. Yu Hongfa, Sun Wei, Li Meidan. Strength Development of Concrete Subjected to Combined Actions of Freezing-thawing Cycles and Chemical Attack [J]. Journal of Shenyang Jianzhu University, 2006, 22(4):588-591.

Abstract
Strength development of Ordinary Portland cement concrete (OPC), air-entrained Portland cement concrete (APC),high strength concrete (HSC) without mineral admixture and high performance concrete (HPC) mixed with mineral admixtures, subjected to the double damage factors (DDF), which were combined actions of freezing-thawing cycles and chemical attack, were investigated.Results show that OPC is easily damaged when subjected to the DDF, while APC shows a compressive strength increases up to 23%~33% when subjected to 1250 DDF cycles in Qinghai or Xinjiang bittern.Though both HSC and HPC exhibit high compressive strength when subjected to 1550 DDF cycles in bitterns, HPC show a freezing-thawing durability much better than HSC. When concretes subjected to bittern DDF, prolonged curing time have no effect either on preventing OPC from damaging nor on improving strength of HSC, but it does work on increasing compressive strength of APC and flexural strength of HPC.Further research indicates that strength of concretes subjected to DDF decreased alone with the increasing of freezing-thawing cycles, and the strength losing of OPC and APC is more evident than those of HSC and HPC. It can be concluded that both HSC and HPC are applicable to Qinghai or Xinjiang salt lake bitterns.

Key Words: high strength concrete; high performance concrete; freezing-thawing cycles; chemical attack; compressive strength; flexural strength

16. Yu Hongfa, Mu Ru, Sun Wei, et al. Effects of flexural loads, chemical attack, carbonation and their combination on freezing-thawing durability of concretes [J]. Journal of the Chinese Ceramic Society, 2005, 33(4):492-499.

Abstract

Freezing-thawing durability of concretes subjected to single damage factor (SDF), double damage factors (DDF) or multiple damage factors (MDF) was studied by accelerated freezing thawing test. Dependence of multiple-factor service life (MFSL) and double2factor service life (DFSL) on single-factor service life (SFSL) was investigated. Results show a linear relationship between the DFSL, under combined action of deicing salt and freezing thawing cycles, and SFSL under freezing thawing cycles. The DFSL under combined action of sulfate attack and freezing thawing cycles, the DFSL under combined action of salt lake bittern attack and freezing thawing cycles and the MFSL under the combined action of carbonization, salt lake bittern attack and freezing thawing cycles are all power functions of the SFSL under freezing thawing cycles. While in presentation of bending, both DFSL under flexural load and freezing thawing cycles, and MFSL under flexural load, deicing salt and freezing thawing cycles are decaying exponential functions of load.

Key words: concrete; chemical attack; freezing thawing cycles; single damage factor; double damage factors; multiple damage factors

17. Zhang Jianye，Yu Hongfa，Ma Haiyan，et al. Action of Salt Corrosion and Stress Concrete Freezing-thawing Damage and Its Restrain [J]. Concrete, 2009, (12):32-36.

Abstract 

Using the method of accelerated freezing-thawing test studied the ordinary Portland cement concrete （OPC）. the concrete with high content mineral admixture（HCMC）and the green high performance concrete（GHPC），which subjected to salt solution and salt solution with bending stress coupling action，concrete's frost resisting durability and different reinforced measure work on concrete's frost resisting durability.Results indicated: the bending stress accelerates the concrete's freezing- thawing damage，the salt solution recedes the concrete's freezing-thawing damage. Lower water cement ratio and high content mineral admixture (PVA+slag+silica ash) are difficult to restrain concrete's freezing-thawing damage that are subjected to (freezing-thawing+10% NaCl solution). (freezing-thawing+5% MgSO4 solution) and (freezing-thawing+35% bending stress+5% MgSO4 solution) combination, but are remarkable to restrain concrete's freezing-thawing damage that are subjected to freezing-thawing. (freezing-thawing+5%MgCl2 solution+5%Na2SO4 solution). (freezing-thawing+35% bending stress). (freezing-thawing+35% bending stress+10% NaCl solution) and (freezing-thawing+35% bending stress+5% MgCl2 solution+5% Na2SO4 solution）combination.GHDC which contains hybrid fibre. expansion agent and air-entrained agent are much more remarkable to restrain concrete's freezing-thawing corrosion，especially if it is subjected to bending stress and salt solution coupling effect，it has a superhigh durability to restrain concrete's freezing- thawing damage.

Key words: concrete; frost resisting durability; corrosion solution; bending stress; freezing-thawing damage

18. Zhang Jianye，Yu Hongfa，Ma Haiyan，et al. Influences of Salt Corrosion and Bending Stress on Freeze Resistance of High-Strength Contrete [J]. 有色冶金设计与研究, 2008, 29(1):19-21.

Abstract

The paper investigates the process of freeze- thaw, damage and failure of the high- strength concrete exposed to freeze-thaw cycles, external bending stress, salt solution, or combinations of them, and then compares and analyzes the damage of the various factors to the concrete and the interactions of these various factors. The results show that 35% external bending stress accelerates the freeze-thaw damage of high- strength concrete while salt solution decelerates the freeze-thaw damage of high- strength concrete. The application of 10% NaCl solution and bending stress at the same time results in the loss of freeze resistance of high- strength concrete, while the application of 5% MgSO4 solution (or solution of 5% MgCl2 and 5% Na2SO4) and bending stress at the same time improves the freeze resistance of high- strength concrete.

Key words: high- strength concrete; salt solution; stress; freeze- thaw cycles
19. Chen Shuanfa, Li Huaping, Li Zuzhong, et al. Study on the Influence of Alternation Loading to the Speed of Sulfate Corrosion Concretes [J]. Journal of Wuhan University of Technology, 2011, 33(6):44-49.

Abstract

In order to study the influence of fatigue loading to the speed of the sulfate corrosion concrete, introduced effective diffusion coefficient of sulfate ion (Dt) on the basis of the Fick second law in unsteady state diffusion , used the finite difference method to solve effective diffusion coefficient of sulfate ion (Dt) under different stress level of alternation loading and loading frequency, and contrasted with the known sole sulfate ion’s diffusion coefficientDin concretes .The result indicated: the effective diffusion coefficientDtis a good way to token the influence of fatigue loading to sulfate ion diffusion, and the alternation loading has enhanced distinctly effective diffusion coefficient of sulfate ion and the speed of the sulfate corrosion concrete, the speed of the sulfate corrosion concrete increased with the enhancement of stress level and loading frequency of fatigue loading.

Key words: highway engineering; concretes corrosion fatigue; sulfate corrosion; diffusion coefficient; numerical simulation

20. Xiong Rui; Chen Shuanfa, Guan Bowen, et al. Research on Performance of Asphalt Concrete Under the Action of Freeze-thaw and Corrosion [J]. Journal of Wuhan University of Technology, 2011, 33(2):72-76.

Abstract

Few research has been done on the performance of asphalt concrete under the action of freeze-thaw and sulfate corrosion at home and abroad. In view of that, a series of accelerated deterioration tests through vacuum water-saturated freeze-thaw splitting test were carried out in 10% Na2SO4 solution, and freeze-thaw corrosion factor was brought in to evaluate the performance of asphalt concrete. The test results showed that the attenuation of the performance of asphalt concrete in sulfate solution is more severe than that in water. According to SEM micro-analysis, it can be indicated that sulfate solution is more easier than water to invade the interface between asphalt and aggregate, voids in the asphalt concrete and then the occurence of freezing expansion causes the interface strength to reduce and the forming and expansion of the cracks under freeze-thaw cycles, which is the main reason for the attenuation of the performance of asphalt concrete. The brucite fiber has good stabilizing effect, interface enhancement effect and reinforcing-bridging effect, which can improve effectively the freeze-thaw and sulfate corrosion resistance of asphalt concrete when mixed in with appropriate dosage.

Key words:　road engineering;　asphalt concrete;　freeze-thaw cycle;　sulfate corrosion;　brucite fiber

21. Huang Zhan; Xing Feng, Dong Biqin, et al. Study on the sulfate corrosion of concrete under the action of loading [J]. Concrete, 2008, (2):66-69.

Abstract

The sulfate corrosion of concrete under the action of loading was researched，using the online test method to study the durability of different W/C concrete related to dry-wet cycle affected by SDF and MDF．The influence rules of the damage fact such as the action of loading, dry-wet cycle, sulfate corrosion and the combined effects to the durability of concrete are researched．Test results are figured out with respectively

dynamic modulus of elasticity. This test method provides a trusty result in all effective test period．This research simulate the corrosion process of concrete structures under corrosion circumstance and loading in engineering practice and explore more useful estimate methods of concrete members, put forward some measures to prevent the sulfate corrosion．

Key words: sulfate corrosion; the action of loading; dry-wet cycle; respectively dynamic modulus of elasticity；online test

22. Dong Biqin, Luo Shuai, Xing Feng. Study on sulfate corrosion of concrete under multiple damage factors [J]. Concrete, 2007, (9):33-36. 

Abstract

Effects of sulfate attack on different sorts of concrete in sulfate solution/under drying and wetting cycles/under flexural load or the combine of them were studied, the corrosions reason of sulfate attack were investigated by analyzing the corrosion product with XRD. Results show the corrosion mechanisms of sulfate attack due to single damage factor and multiple damage factors were not all the same, and multiple damage factors could indicate the concrete structure due to sulfate attack more exactly.

Key words: concrete; sulfate attack; drying wetting cycles; single damage factor; multiple damage factors
23. Xing Feng, Leng Faguang, Feng Naiqian, et al. The influence of long-term sustaining load on the permeability of plain concrete to chloride ion [J]. Concrete, 2004, (5):3-8.

Abstract　

The permeability of concrete to chloride ion under loading is a new subject.Through using the self-designed loading device,the permeability of plain concrete to chloride ion with different mineral additives under difference load levels has been researched in this paper.The relationships between the penetration-depth and the time,the load-level,the square root of time have been investigated,and the relationships between the standardized penetration-depth of chloride ion and the load-level have been investigated as well.The relation model between the penetration-depth and the load-level has for the first time been put forward.The conclusion has important significance for studying concrete durability under chloride environment and for de-

signing concrete durability.

Key words:　long-term sustaining load;　plain concrete;　chloride ion;　permeability;　load-level;　loading device

24. Leng Faguang, Feng Naiqian, Xing Feng, et al. The Status Quo and Problem of Study of Stress Corrosion of Concrete [J]. Concrete, 2000, (8):6-9.

Abstract

It is necessary to study the stress corrosion of concrete,for concrete structures are often under the action of stress and corrosion medium simultaneously. Concrete materials have been developed for more than 150 years,but the time of studying strss corrosion of concrete is only about 10 years, and this can not meet the application requirement of project. To meet the application requirement of HPC in the next cemtury, the stress corrosion of HPC should be studied thoroughly, because HPC is more likely to suffer stress corrosion owing to its high brittleness and low strain. To meet the application requirement, the effects of the level and kind of stress,the concentration and kind of corrosion medium on the properties of mechanics,micro-structure,and durability,and the preventing approaches of stress corrosion of concrete should be studied systematically by the use of some advancing ways.

Key words: Concrete; Strss Corrosion; HPC; Stress level; Concentration of Corrosion Medium; Mechanical Properites; Corrosive Effect; Systematical study; Application to project; Statue Quo of Study; Problem

25. Niu Jiangang, Niu Ditao. Durability of concrete structures under load [J]. Concrete, 2008, (8):30-33.

Abstract 

Loads and the environment are coexistent to concrete structures.The durability of concrete structures under load and environmental attacks simultaneously were elaborated, including carbonation, freeze-thawing, chloride penetration and sulfate attack.Conclusions can be obtained that the durability of concrete structures under imposed loads is worse than those without loads.Therefore, load is one of the important factors that can not be ignored in the study of concrete durability.

Key words: loads; durability; carbonation; freeze-thawing; chloride penetration; sulfate attack

26. Niu Jiangang, Niu Ditao, Liu Wanli. Research on Carbonation Rule ofFly Ash Concrete Influenced by Bending Load [J]. Bulletin of the Chinese Ceramic Society, 2011, 30(1):30-33.

Abstract

Based on the accelerated carbonation testof fly ash concrete under load, carbonation velocity of concrete under bending load was investigated. The experiment results indicate that the concrete carbonation depthsunder the bending tensile (compressive) stress are larger(smaller) than the concrete carbonation depths under the non-stressing condition. By virtue of the bending stress coefficient of concrete carbonation, the influence of stress levels on concrete carbonation was analyzed. The bending stress coefficient of concrete carbonation and stress levels are consistent with quadratic polynomial quadratic.

Key words: concrete carbonation; bending load; stress leve; bending stress coefficient

27. Wang Zhendi，Yao Yan，Wang Ling. Corrosion Behavior of Steel Bar Embedded in Concrete Subject to Freeze-Thaw Cycles-Chloride Attack-Flexural Load [J]. Journal of the Chinese Ceramic Society, 2011, 39(6):30-33.

Abstract

Corrosion behavior of steel bars embedded in pavement concrete subject to synergistic effect of freeze-thaw cycles, chloride salt attack and external loading was studied. The corrosion behavior of steel bars was evaluated by measuring corrosion potential, corrosion current density and corrosion rate using open circuit potential and potentiodynamic polarization techniques. Results show that depassivation time of steel bar subject to a 0.4 stress ratio is more than 50 cycles earlier than that of the steel bar with a 0.3 stress ratio. High stress ratio shortens depassivation time of the steel bar and increases risk of steel corrosion. The cathodic reaction was inhibited with negative shift of polarization curve. Dissolution resistance of the steel bars decreases and the corrosion reaction takes place toward the direction of easy-to-corrode after the depassivation of the steel bar. Corrosion rate is closely related to corrosion current density icorr. After 100 freeze-thaw cycles, the results of icorr and corrosion rate show that the steel corrosion will occur in 10-15 years and the time from corrosion initiation to corrosion cracking is about 2 years.

Key words: multi-factor coupling; steel corrosion; corrosion rate; service life

28. Huang Pengfei, Bao Yiwang, Yao Yan. Damages of Reinforced Concrete under Synergistic Effects of Cyclic Freeze-Thaw, Deicing-Salt Attack, Rebar Corrosion and Bending Load [J]. Industrial Construction, 2005, 35(5):63-67.

Abstract

The damage experiments of reinforced concrete samples under synergistic effects of cyclic freeze- thaw, deicing-salt attack, rebar corrosion and bending load were investigated using a comprehensive experimental method. Synergistic effects of these factors on the damage evolvement of the reinforced concrete was studied by measuring the change of dynamic modulus, rebar strain and concrete strain. Experimental results showed similar rule in damage evolvement, but different damage rate between the normal strength concrete (C45) and the high-strength concrete (C70) . The dynamic modulus of the reinforced concrete degraded with increasing effecting factors. Meanwhile, an interesting phenomenon is revealed that the amplitude of cyclic strains increase with the numbers of freeze-thaw cycles within a fixed temperature difference.

Key words: reinforced concrete; freeze- thaw and deicing- salt attack; bending load;  synergistic effects; damage evolution

29. Gao Rundong, Zhao Shunbo, Li Qingbin, et al. Deterioration Mechanisms of Sulfate Attack on Concrete under the Action of Compound Factors [J]. Journal of Building Materials, 2009, 12(1):41-46.

Abstract

By micro- and macro-observations, the deterioration mechanisms of concrete under three cases such as single sodium sulfate solution attack, alternant action of repeat sub-high temperature/cooling by water and sodium suIfate solution attack, alternant action of carbonation and sodium sulfate solution attack are revealed. Micro-observations include the analysis of attacking products by thermal analysis method and the determination of sulfate-ion content by modified barium sulfate gravimetric method, Macro-observations mainly include the mechanical behaviors such as compressive strength and split tensile strength. The studies indicate that the main attacking product is ettringite under every case, and the gypsum and the thaumasite are not found. Compared with the single sodium sulfate solution attack, the repeat sub-high temperature/cooling by water increases diffusion of sulfate ions into the inside of concrete, which results in distinct degradation of strength; the carbonation layer mitigates diffusion of sulfate ions to some extent, but under aIternant action of carbonation and sodium sulfate solution attack, the compressive strength is still decreased．

Key words: concrete; sulfate; attacking product; sulfate-ion content; strength

30. Pan Liyun, Yang Pu, Gao Rundong, et al. Experiment on Sulfate-ion Diffusion in Concrete under Combined Actions of Stress and Wetting-Drying Cycles [J]. Port Engineering Technology, 2009, 46(5):30-32.

Abstract

After the concrete specimens were exerted in stress states, they were immersed into sulfate sodium solution and then air dried according to certainly period. That forms the action of wetting-drying cycles. The samples were made by drilling，cutting into slices and grinding into powder，and tested by the chemical analysis method. The sulfate-ion content in different depth of the concrete specimens were measured，the effects of tensile stress and compressive stress on diffusion of sulfate-ion in concrete were studied. It is proved that the sulfate-ion diffusion from outer solution into concrete is accelerated by the tensile stress，and tends to be quicker with the increase of stress level. Oppositely，it is confined by the compressive stress，but no certain relationships with the level of it.
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31. Wen Shichen, Zhao Shunbo, Yang Xiaoming, et al. Study on Sulfuric Acid Corrosion under Stress States for Steel Fiber Reinforced Concrete Made by Spun-cast Method [J]. Journal of Materials Science & Engineering, 2006, 24(2):278-281.

Abstract

The lateral compression tests have been carried out on five serious specimen of steel fiber reinforced concrete made by spun-castmethodwith circle section, one of them not eroded, anotherfour erodedwith different levels of initial tensile stresses. The chemical measurements were conducted on the eroded specimen. It has been proved that the erosion of sulfuric acid will decrease the ultimate bending tensile strength and deformation of the specimen, and the elastic modulus of steel fiber concrete. The increasing of the initial tensile stress will increase the erosion damage, and increase the sulfate radical content and the neutralization depth of steel fiber reinforced concrete at the same time. Based on the analysis of the test results, the forecast model for neutralization depth and sulfate radical content of steel fiber reinforced concrete made by spun-cast method under tensile stress have been proposed.

Key words: steel fiber reinforced concrete; spun-cast; sulfuric acid; stress corrosion; neutralization depth; sulfate radical content; forecast model

32. Zheng Jiaming, Yang Dingyi. Dry-wet circulation and carbonation influencing on the concrete sulfate attack [J]. Concrete, 2009, (5):31-34.
Abstract

Based on the situation of the concrete sulfate attack always exists in complex factors，the present research of the concrete sulfate attack is elaborated at a dry-wet circulation and carbonation environment, and experiments are used to prove that the dry-wet circulation and carbonation can accelerate the sulfate attack，some ideas for the future research are provided.

Key words: sulfate attack；dry-wet circulation；carbonation；concrete

33. 王爱勤，曹建国，李金玉等. 高浓度和荷载条件下混凝土硫酸盐侵蚀特性及抗侵蚀技术[C]. 水泥基复合材料科学与技术,北京:中国建材工业出版社，1999:176-178.（无英文题目和摘要）

摘要：混凝土建筑物在运行环境中，是处在一定荷载下来抵抗硫酸盐侵蚀的。普通混凝土在高浓度硫酸盐侵蚀条件下侵蚀速度很快，如又处于较高的应力状态下，则会加速混凝土的腐蚀破坏。如何模拟工程实际，保持试件在经受硫酸盐侵蚀的整个试验过程中承受稳定荷载？在荷载与高浓度硫酸盐侵蚀的双重作用下，混凝土性能变化现律扣何？怎样提高混凝土在此双因素条件下的抗侵能力?解决这些问题正是本研究的关健所在。

关键词：混凝土；荷载；硫酸盐侵蚀

34. 李金玉, 林莉, 曹建国等. 高浓度和应力状态下混凝土硫酸盐侵蚀性的研究[A]. 第五届全国混凝土耐久性学术交流会[C]. 2000年.

摘要：本课题通过加荷架的研制，进行了高浓度和应力状态下混凝土硫酸盐侵蚀性的研究，SO42-浓度最高达80000mg/L，最高应力达50%破坏强度。研究成果表明，在SO42-浓度80000mg/L时，荷载对混凝土的硫酸盐侵蚀破坏有明显的加剧作用，而且随着应力等级的增加，破坏作用加剧，本课题还从改善混凝土本体材料和表面防护两条途径，进行了提高混凝土应力状态下抗高浓度硫酸盐侵蚀破坏能力的研究，表面防护技术已在工程中得到了示范和初步的实施，效果良好。

关键词：混凝土；载荷；硫酸盐侵蚀 

35. Yuan Chengbin. Diffusivity of chloride in concrete in different stress states [J]. Journal of Hohai University, 2003, 31(l):50 - 54. 

Abstract

Some methods are presented for test of chloride diffusivity in concrete in different stress states. Based on the analysis of influences of the stress level and water-cement ratio on the diffusion velocity of chloride in concrete, mathematical models were developed for predicting the diffusion velocity of chloride. It is concluded that the antichloride corrosion capability of prestressed concrete is superior to that of ordinary concrete.

Key words: concrete; stress level; water-cement ratio; velocity of chloride corrosion

36. Zhang Peng, Zhao Tiejun, Jin Zuquan, et al. Influence of freezing and thawing on carbonation of concrete materials [J]. Sichuan Building Science, 2008, 34(1):66-68.

Abstract

In order to investigate into the effect of freezing and thawing on carbonation of concrete, four different types of concrete had been studied after exposure to frost cycles and carbonation. Results show that, as a source of concrete deterioration, freezing and thawing action accelerates the carbonation process. CaCO3 content and carbonation depth become higher with increasing numberof frost cycles. If exposed to frost cycles in an atmosphere with high CO2 content carbonation of concrete prepared with fly ash is particularly accelerated, which is disadvantage to concrete structure.

Key words: freezing and thawing; carbonation; CaCO3 content; carbonation depth
