
1. Determination of Water-soluble Chloride Content in Concrete 

——7.16, JTJ 270-98 Testing Code of Concrete for Port and Waterway Engineering

Purpose 
Determine the water-soluble chloride content in hardened concrete, to identify the cause of steel corrosion and provide the basis for determining the density of concrete.
Test procedure

Weighing mortar powder of concrete 30g and let it through the sieve with diameter is 0.63mm. Then put it in the oven with the temperature 105±5°C for two hours. Then take it out and cool it until to the room temperature. Weighing 20g (accurate to 0.01g) named G. Mix the powder with 200ml (V3) distilled water. Vibrating for 1-2 minutes, then placed for 24 hours.
Drawing filtrate 20ml by pipette to flask respectively, add 2 drops of phenolphthalein to make the solution show slightly red, then use dilute sulfuric acid to make the solution colorless, add 10 drops of potassium chromate indicator, then use silver nitrate solution to make the solution show brick-red immediately. Record the volume of silver nitrate consumed (V5).
Results calculated
Water-soluble chloride ions determined by the follow formula
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P: Water-soluble chloride content in mortar samples (%)
C AgNO3: Standard molar concentration of silver nitrate (mol/L)
G: The weigh of Mortar sample (g)
V3: Distilled water used by soak mortar sample (ml)
V4: The amount of extracted filtrate at each titration (ml) 
V5: The amount of silver nitrate solution consumed each titration (ml)
2. Determination of Total Chloride Content in Concrete 

——7.17, JTJ 270-98 Testing Code of Concrete for Port and Waterwog Engineering

Purpose
Determine the total chloride content in concrete include the chloride combined with cement. Provide the basis for the identification of steel corrosion.
Basic Principles
Dissolved the cement contained chloride with nitric acid, then measured the chloride content in nitric acid solution with the method of Japanese Erha De. Through adding an excess of silver nitrate standard solution to make the chloride precipitation completely. Use iron alum as indicator in the above solution and use KCNS standard solution to titrate the excess of silver nitrate standard solution. When titrate, then CNS- and Ag+ first generate a white precipitate of AgCNS. If CNS- is a slight excess, then it will with Fe+++ to form Fe(CNS)++ and to make the solution show red. If the red can maintain 5-10 seconds does not fade, it is the end.
Main reaction is developed as the following
[image: image2.emf]                   (1)
Test procedure

Take the right amount of concrete specimens (about 40g). Remove the gravel part of the concrete specimen and preserve mortar and to grind the mortar into powder. Then put it in the oven with the temperature 105±50°C for two hours. Take it out and cool it until to the room temperature. Weighing 10g to 20g mortar sample by balance with the precision of 0.01g into the flask.
Filled the 100ml measuring flask with dilute nitric acid (VH2NO3: Vd istilled water=15:85) and put them into the flask which contained mortar sample. Covered with cap to prevent evaporation. 
The mortar sample soak about a day and night (for the degree of all cement dissolved) and during it should shake flask. Then filtered with filter paper to remove precipitated。
Drawing filtrate 20ml accurately by pipette to flask for two copies. Each add about 20ml silver nitrate solution by burette. Titrating with thiocyanate potassium solution respectively, and shaking the solution fiercely when titration. If the red can maintain 5-10 seconds does not fade, it is the end.
Results calculated
The total chloride content determined as the following equation
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Where, P: Water-soluble chloride content in mortar samples (%)
C AgNO3: Standard molar concentration of silver nitrate (mol/L)
V: The volume of standard solution of silver nitrate which add in the filtrate sample (ml)
CKSCN: The standard solution concentration of thiocyanate potassium (mol/L)
V1: The amount of thiocyanate potassium solution consumed each titration (ml)
V2: The amount of extracted filtrate at each titration (ml)
V3: Water used by soak mortar sample (ml)
G: The weigh of Mortar sample (g)
3. Test Method of Rapid Chloride Migration (RCM)
——7.1, GB/T 50082-2009 Standard for Test Methods of Long-term Performance and Durability of Ordinary Concrete
1 This method is applicable to measure the non-steady-state migration coefficient of chloride ion in concrete to determine anti-permeability of chloride ion.
2 Reagents, instruments and equipment, solutions and indicators should meet the following requirements:
    Requirements of reagents:

      1) Reagents should be distilled or deionized water.
      2) NaOH,NaCl,AgNO3,Ca(OH)2 should be chemically pure.

    Requirements of instruments and equipment

      1) Equipment of cutting specimens should be water-cooled diamond saws or silicon carbide saws.
      2) Vacuum container should hold at least three specimens.
      3) Vacuum pump should be able to keep the air pressure inside the container in (1 ~ 5) kPa.

      4) The inner and outer diameters of silicone rubber sleeves used in RCM test equipment (Picture7.1.2) are 100mm and 115mm, the length should be 150mm. Fixtures should be stainless steel hoop, its diameter should be (105 ~ 115) mm, width should be 20mm.Cathode test slot can be plastic box with size 370mm × 270 mm× 280mm. Cathode plate should be stainless steel plate with (0.5 ± 0.1) mm thickness, not less than 100mm diameter. The anode plate should be stainless steel mesh or perforated stainless steel plate with 0.5mm thickness, (98 ± 1) mm diameter. Bracket should be made ​​of hard plastic panels. The bracket head height between specimen and the cathode plate should be (15 ~ 20) mm. RCM test device should comply with the relevant provisions in "concrete chloride ion diffusion coefficient tester" JG/T262.
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Fig. 1 RCM test device
1- Anode plate,2- Anode solution, 3-the specimen, 4-Cathode solution, 5- DC power supply,6- Silicone rubber sleeve, 7-hoop, 8-Cathode plate, 9-Frame, 10-Cathode testing slot, 11-Supporting head

5) Power supply should be able to provide adjustable stable (0 ~ 60) V DC, precision should be ± 0.1V, the current should be (0 ~ 10) A.

6) Meter accuracy should be ± 0.1mA
       7) Thermometer or thermocouple should have an accuracy of ± 0.2ºC.

       8) Sprayer should be able to spray silver nitrate solution 
9) Vernier caliper accuracy should be ± 0.1mm.

10) The minimum scale of ruler should be 1mm
11) Specifications of water sandpaper should be number (200 ~ 600).
12) Fine rasp and brass brush can be used as backup tool.
13)The torque range of torque wrench should be (20 ~ 100)N·m, measurement error is allowed to be ± 5%.

14)Hair dryer's power should be (1000 ~ 2000) W.
15)Vacuum gauge or pressure gauge accuracy should be ± 665Pa, range should be (0 ~ 13300) Pa

16)Vacuum equipment can be combined by beaker with volume more than 1000mL, vacuum drying, vacuum pumps, dispensing equipment, vacuum table and so on.

Requirements of solutions and indicators

 1) Cathode solution should be NaCl solution with concentration10% , anode solution should be 0.3mol / L NaOH solution. Solution should be pre-configured at least 24h, and should be sealed and stored at a temperature of (20 ~ 25) º C environment.
2)Color indicator should be AgNO3 solution with0.1mol / L concentration.
3 Test temperature should be at (20 ~ 25) º C.

4 Requirements of producing specimen   

    The specimen should be cylinder , diameter is (100 ± 1) mm, height is (50 ± 2) mm .
Mold size is Φ100mm×100mm or Φ100mm×200mm，Maximum aggregate nominal size is not more than 25mm. After forming the specimen immediately covered with plastic film and moved to the standard curing room. Specimen should form removal in 22 ~ 26h, and should be immersed in the standards pool.
Specimen curing period should be for the 28d. According to design requirements it can be selected 56d or 84d.
It should be processed into standard test pieces for 7d before the resistance to chloride ion penetration test.
    Specimen should be polished smoothly using water sandpaper and fine rasp.
    Processed specimens should be immersed in water to conserve to test age
5 RCM method test procedures

Firstly specimen should be removed from the conservation pool, scrub debris on the specimen surface, dry specimen surface. Then specimen diameter and height should be measured by a vernier caliper, results should be accurate to 0.1mm. Specimen at saturated surface dry state should be placed in a vacuum container. Pressure in vacuum container should be reduced to (1 ~ 5) kPa within 5min, and maintain vacuum for 3h, then in the case of vacuum pump still running, pure solution of calcium hydroxide saturated into the container, the solution should ensure the specimen is immersed. After 1h immersion restore normal pressure, and it should be immersed for (18 ± 2) h.

Before specimen installed in the RCM test device, it should be cold dry using hair dryer, the surface should be clean and free of grease, no sand and water drops. Test tank should be cleaned by cold water at room temperature before testing.
Specimens are well sealed with rubber sleeve and ring hoop.
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Fig.2 Stainless steel hoops
Rubber sleeve should be installed to the test tank, and after the anode plate installed, 300mL NaOH solution is injected into the rubber sleeve around, the anode plate and the specimen surface should be immersed in solution. 12L NaCl solution should be injected into the cathode tank, and its surface should be flush with the surface of NaOH solution.
The anode of power supply is connected to the rubber tube anode plate with a wire, the cathode is connected to the test tank cathode plate with a wire.
6 Electro migration test steps:
At first, open the power supply, the voltage is adjusted to (30 ± 2) V, and the initial current through each specimen should be recorded.
The voltage applied in follow-up tests should be determined by the range of initial current when the voltage is 30V.
Record initial temperature of the anode solution of each specimen.

Table1 the relationship of Initial current, voltage and test time
	The initial current
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At the end of the test, record the final temperature and the final current of the anode solution.
After the test, the test solution should be immediately removed.
7 The steps of determination of chloride ion penetration depth:
After the test, immediately cut off the power.
Remove specimens from the rubber sleeve, and immediately rinse the surface of the specimen with tap water, then wipe off excess moisture on the specimen surface.
Specimens should be divided into two parts along the axis on the pressure testing machine. Spray the AgNO3 solution at cross-section surface.
15min later, the cross-section along the diameter of the specimen will be divided into 10 equal portions, and delineate penetration contours with a waterproof pen

According to the apparent color change observed, measure distance from color line to the underside of the specimen, be accurate to 0.1mm.
When a measuring point is blocked by aggregate, it can be moved to the nearest position which can be measured. When a test point data cannot be got, as long as the total number of points is more than 5, it can be ignored.
When a measuring point has an obvious flaw, making it much larger than the average of other points, this data can be ignored, but this situation should be indicated in the test record and report.
8 Experimental results and calculation process should meet the following requirements
Non-steady-state chloride migration coefficient of concrete should be calculated as follows:[image: image32.emf]
                                                                (1)
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 —— Non-steady-state chloride migration coefficient of concrete, be accurate to 0.1×10-12m2/s;
[image: image37.png]


 —— the absolute value of the voltage (V);
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 —— the average of the initial temperature and the end temperature of the anode solution;
[image: image41.png]


 —— specimen thickness, be accurate to 0.1mm;
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—— the average depth of chloride penetration, be accurate to 0.1mm;
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 —— test duration (h).
Each specimen transfer coefficient values determined for three style chloride migration coefficient arithmetic average. When the difference value of Maximum or Minimum with the intermediate value have more than 15%, should be excluded from this value, then take the average of the other two values as the measured value; when the gap between Maximum or Minimum with intermediate value all have 15%, should take the middle value as the measured value.
4. Test Method for Electrical Indication of Concrete's Ability to Resist Chloride Ion Penetration
——7.2, GB/T 50082-2009 Standard for Test Methods of Long-term Performance and Durability of Ordinary Concrete
This test method covers the laboratory evaluation of the electrical conductance of concrete samples to provide a rapid indication of their resistance to chloride ion penetration. This test method does not cover the concrete samples which contain conductive material such as nitrite and steel fibre.
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Fig.1 Electrical Block Diagram (example)

1－DC power supply; 2－test cell; 3－copper electrode;

4－concrete sample; 5－3.0%NaCl solution; 6－0.3mol/L NaOH solution;

7－standard resistor; 8－DC digital voltage meter;

9－Specimen washer(Vulcanized rubber or Silicone rubber)
Apparatus and Chemical Reagents Should Meet the Following Requirements:

1 Voltage range of DC power supply shall be (0~80) V, current range shall be (0~10) A.DC power shall be able to output voltage of 60V stably and the precision shall be ±0.1V.

2 Side length of the heat resistant plastic test cell shall be 150 mm, the total thickness shall be no less than 51mm.The diameter of the two cells in the central of the test cell shall be 89mm and 112mm,the deepness of which shall be 41mm and 6.4mm.
3 The precision of standard resistor shall be ±0.1%;The range of DC digital ammeter shall be (0~20)A, the precision shall be ±0.1%.
4 External diameter, inside diameter and thickness of the vulcanized rubber or silicone rubber washer shall be 100mm,75mm and 6mm.
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Fig.2 Test Cell Diagram

Test Shall be Conducted According to the Following Procedures:

1 The specimens of the test shall be concrete cylinders with a diameter of (100±1)mm and a height of (50±2)mm. Additional materials such as dopes should be removed before testing and conductive materials such as steel bars should not be contained in the concrete specimens.
2 The test should be conducted when the specimen is cured to 28d. Exposing the specimen in the air to surface drying. Coating the cylinder side with silica gel or resin. Fill any apparent holes in the coating.
3 The specimens should be pretreated as vacuum saturated before testing. Distilled water or deionized water should be used in the process of vacuum saturation.
4 After vacuum saturation, remove specimen from water, blot off excess water, maintain the specimen in 95 % or higher relative humidity. Place a circular vulcanized rubber gasket in each half of the test cell. Insert sample and clamp the two halves of the test cell together to seal.
5 Fill the side of the cell containing the top surface of the specimen with 3.0% NaCl solution. (That side of the cell will be connected to the negative terminal of the power supply.) Fill the other side of the cell (which will be connected to the positive terminal of the power supply) with 0.3 mol/L NaOH solution.

6 Attach lead wires to cell banana posts. Make electrical connections to voltage application and data readout apparatus as appropriate. Turn power supply on, set to (60±0.1)V, and record initial current reading [image: image49.png]


. Temperatures of the specimen, applied voltage cell, and solutions shall be 20 to 25℃ at the time the test is initiated, that is, when the power supply is turned on.

7 Read and record current every 5 min at the beginning, every 10 min when current changes a little. Terminate test after 6 h.
8 When applying an automatic data acquisition testing device, the current should be record every 5 to 10 min. The current measurements should be accurate to ±0.5 mA. The temperature of the solution in the test cell should as well as be surveyed during testing.
9 During the test, the air temperature around the specimens shall be maintained in the range of 20 to 25℃.
Calculation of Results:  

1 Plot current (in amperes) versus time (in seconds).Draw a smooth curve through the data, and integrate the area underneath the curve in order to obtain the ampere-seconds, or coulombs, of charge passed during the 6-h test period. The total charge passed is a measure of the electrical conductance of the concrete during the period of the test.

2 If the current is recorded at 30 min intervals, the following formula, based on the trapezoidal rule, can be used with an electronic calculator to perform the integration:
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           (1)
where:

Q = charge passed (coulombs),
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= current (amperes) immediately after voltage is applied, and
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= current (amperes) at t min after voltage is applied.
3 If the specimen diameter is other than 95 mm, the value for total charge passed established above must be adjusted. The adjustment is made by multiplying the value established above by the ratio of the cross-sectional areas of the standard and the actual specimens. That is:
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                                                   (2)
where:
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 = charge passed (coulombs) through a 95-mm diameter specimen,
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 = charge passed (coulombs) through x diameter specimen, and
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  = diameter of the nonstandard specimen.

5. Carbonation Test of Hardened Concrete
——11, GB/T 50082-2009 Standard for Test Methods of Long-term Performance and Durability of Ordinary Concrete
11.0.1 This method of testing can be applied to determine the carbonation depth of concrete specimens in the environment with certain carbon dioxide concentration.

11.0.2 Preparations of specimens for testing

   Concrete prisms were suggested for the shape of the specimens, and the length-width ratio should be no less than three; every three specimens should be determined as a group.

   The concrete cube can be also applied to the determination of carbonation depth with no concrete prism available, but the number of the specimens for testing should be increased.

   After 28-day standard curing (specimens with mineral addictives should be cured for a relatively long time), the specimens should be picked out from the curing room two days before the testing, then dry the specimens with the temperature of 60°C for 48 hours.

   After drying, choose one side surface or two opposite side surfaces of the specimens, and the other surfaces should be sealed with heated paraffin. On one of the side surface, draw parallel lines with the distance of 10mm in the long direction as the carbonation depth test spot.

11.0.3 The machine for the testing should be in accordance with such rules:

   The carbonation machine should accord with the professional standard ”Carbonation test chamber for concrete”JG/T247, which should be equipped with seal cap, the volume of the chamber was expected to be no less than two times of the size of the specimens for testing. In the chamber, shelf for supporting specimens, carbon dioxide inlet, and the air outlet for testing the concentration of carbon dioxide should be equipped, besides that, the device to keep air recycling and constant temperature and humidity were also needed.

The air analyzer should be able to determine the concentration of the carbon dioxide, and precision of the measurement must be nearest to 1%

The CO2 supply devices consist of the gas supply bottle, piezometer and flowmeter.

11.0.4 Testing procedures 

Put the specimens prepared on the shelf, and make sure the distance between specimens no less than 50mm.

Seal the chamber by mechanical means or by oil, rather than by water, then activate the air recycling device to fulfill the chamber with CO2, during which, the concentration of CO2 should be kept determined. And climatic conditions of storage (relative humidity, amount of CO2 concentration, etc.) must be defined as roughly (20±3)% CO2 concentration, a temperature of (20±2) and a relative humidity of(70±5)%.

In order to control the CO2 concentration precisely, the climatic conditions in the chamber are recommended to be determined for every two hours in the first two days, and every four hours for the next days. When become out of the limits, such conditions should be adjusted in time. Besides that, the silica gel for dehumidification is recommended to be reload frequently, and better means to decrease the humidity can be also employed.

The following dates of testing are recommended: 3, 7, 14 and 28, days. When the testing date is reached, slice the concrete prism from one side in the length direction with the thickness of half of the width; the fracture surface of the rest of the specimen should be sealed with heated paraffin, then put the specimen in the carbonation chamber to continue the carbonation. But for the concrete cubes, it just can be used for only one time.

Clear the broken surface immediately of dust and loose particles after breaking, and then spray with indicator solution of 1% phenolphthalein in 80% ethyl alcohol. After 30 seconds, determine the carbonation depth of the every 10mm ascertained by the parallel lines drawn at first. In the case of the carbonation front goes through aggregates, care must be taken to measure the carbonation of the two sides of the aggregate, then take the average as the carbonation depth of the spot. The precision of the measurement must be to the nearest 0.5 mm.
11.0.5 Testing result calculation:

  The average carbonation depth of concrete at different age should be calculated as the equation as follows:
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Where, 
[image: image63.wmf]t

d

—— The average carbonation depth after t days of carbonation, the precision of the calculation should be to 0.1mm
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——The carbonation depth of every spot
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——The number of the spots for determination 

  The testing results of every battery should take the average of the result of the three specimens after 28-day carbonation with a CO2 concentration of (20±3)%, a temperature of (20±2) C。and a relative humidity of (70±5)%.

  Draw the curves of the relation between carbonation depth and time.

6. Sulphate Resistance Test of Ordinary Concrete

——14, GB/T 50082-2009 Standard for Test Methods of Long-term Performance and Durability of Ordinary Concrete
This national standard is the determination of concrete samples in alternating wet environment, based on the maximum dry wet to withstand cycles to say against the concrete sulfate erosion performance.
  Specimens shall comply with the following provisions:

1. This method should be adopted in the size of the cube specimens for 100 mm(100mm(100mm, each group should be 3 pieces.

2. Production and maintenance of the sampling and specimens should conform to the standard.

3. In addition to specimen with making sulphate erosion resistance experiment , the specimen which is used to compressive strength still should be prepared according to this method.
  Test equipment and reagents should comply with the following provisions
1. Dry wet circulation test equipment can make specimen motionless, soak, drying and cooling process should be able to automatic device. Equipment should be provided with real time display, power and memory and experimental data of automatic storage function
2. Devices can also be used to satisfy the following requirements for wet-dry cycling test
Oven should be able to make temperature stability(80±5)。C
The vessel should be able to install the 27L solution at least, and should bring the lid, and should by bear the salty corrosion material to be made
3. The reagent should use the chemistry pure anhydrous sodium sulfate
Dry wet circulation test should be follow the steps：
1. Specimen was taken out from the maintenance after curing, drying surface water and put into oven for 48h. After drying, specimen should be put in the dry environment to cool to room temperature.
2. After drying cools, specimen is put into the box immediately.
3. Put the 5% Na2SO4 solution which is prepared before into the box, the solution should surpass uppermost layer specimen surface 20mm at least, and then starts to soak.
4. After soaking, should be drainage immediately, and should evacuate the solution in 30min. After solution evacuation, specimens should be air seasoning 30min.
5. After the air seasoning had ended, elevate temperature immediately, keep the temperature to rise 80。C, starts to dry
6. After drying had ended,  carry on cooling immediately , keep the specimen surface temperature to cool to (25~30)。C
7. Each does the wet circulation the total time to be (24±2)h, then put in the solution again, carries on next to do the wet circulation
8. After achieving the wet cycle-index, promptly carry on the compressive strength test
9. When the wet circulation experiment presents one of the following three kinds of situations, may stop the experiment
⑴The compressive strength anticorrosion coefficient achieves 75%
⑵The wet cycle-index achieve 150 times
⑶Achieves designs the anti-sulfate rank correspondingly to do the wet cycle-index
The experimental result computation and processing should conform to the following stipulation
1. The concretes compressive strength anticorrosion coefficient should carry on the equation below
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Where, Kf——Compressive strength anticorrosion coefficient;
fcn——compressive strength determination value ,the concrete is corroded the sulfate and after N time does the wet circulation, accurate to 0.1 MPa;
fc0——compressive strength determination value ,the concrete is treated after N time does the wet circulation, accurate to 0.1 MPa;
2. fcn and fc0 should take arithmetic mean value of 3 specimens compressive strength test result as the determination value
3. The resistance class to sulphate attack of concrete(represented by KS) should be ascertained by the maximum time of wetting-drying cycle, and the compressive strength of the corrosion resistance coefficient should not decreased more than 25%.
7. Test Method of Frost Resistance of Concrete——4, GB/T 50082-2009 Standard for Test Methods of Long-term Performance and Durability of Ordinary Concrete
1. Slow-Freezing Method
The size of the concrete specimen is 100mm*100mm*400mm and the number of the one group specimen is 3.

Experiment procedure

Take the specimen out of the standard and curing room in the 24 days, then put the specimen into the water 4 days under （20±2）℃ environment，when the specimen reach 28 days begin the freeze-thaw experiment. If the specimen throughout keep in the water, the experiment can directly begin in the 28 days, and in the kind condition the experiment report should state clearly. 

The time of the temperature from begin to -18℃ keep at ( 1.5~2 )h. The inner freezing temperature should keep from ( -18~-16 ) ℃ . The every freeze-thaw cycle time not less than 4h.

When the cycle is finished, put water that the temperature at (18~20) ℃ in specimen make the ice melt, and the time should not more than 10min.

Checking the specimen every 25 cycle .If the specimen serious damage, we need weigh the specimen. When one group average weight loss rate more than 5%, the freeze-thaw experiment need stop.  

The experiment can be stopped when one of the three following condition is reached, 

The specified cycle is reached, the loss ratio of the compression strength reaches 25% and the loss ratio of the weigh reach 5%.

2. Quick-freezing method
The size of the concrete specimen is 100mm*100mm*400mmand the number of the one group specimen is 3.

Experiment procedure

Take the specimen out of the standard and curing room in the 24 days, then put the specimen into the water 4 days under （20±2）℃ environment，when the specimen reach 28 days begin the freeze-thaw experiment. If the specimen throughout keep in the water, the experiment can directly begin in the 28 days, and in the kind condition the experiment report should state clearly. 

Take the specimen out of the water when the specimen reaches 28 days .Measure the size and the weight after drying the surface water. 

The cycles need comply with the following provisions
The cycle keep in (2~4) ℃, and the melting time should not less than one quarter of the whole free-thaw time. 

During the freeze and melt process the highest and lowest points of the core temperature should keep at (-18±2) ℃ and (5±2) ℃. In any time the core temperature should not be higher than 7℃ and not be less than 20℃

The temperature of every specimen from 3℃ to -16℃ should not less than the half of the freezing time and the temperature from -16℃ to 3℃ should not less than the half of the melting time. Temperature difference between internal and external should not more than 28℃.

The switching time should not more than 10min

Measure the horizontal frequency every 25 cycles .Clean the surface of the specimen surface before measure ,then check the external damage and weight the specimen.

The experiment can be stopped when one of the three following condition is reached, 

The specified cycle is reached, relative dynamic modulus of elasticity drop to 60% and the loss ratio of the weigh reaches 5%.

3. Frost-salt experiment

The size of the concrete specimen is 150mm*150mm*150mm. 

The temperature of the experiment environment is （20±2）℃ ,and the relative humidity is (65±5)%.

The test solution is 3%NaCl.

Experiment procedure

Put the specimen in the laboratory 28 days after the specimen reach the age ,the experiment environment is （20±2）℃ and the relative humidity is (65±5)%.

Begin the frost-salt experiment, and measure the relative dynamic modulus of elasticity and weight the specimen 

The experiment can be stopped when one of the three following condition is reached, 

Reach the 28 cycles;
The stripping of the specific surface area weight more than 1500g/m2;
The relative dynamic modulus of elasticity drop to 80%.
8. Test Method of Alkali-aggregate Reaction Experiment of Concrete——15, GB/T 50082-2009 Standard for Test Methods of Long-term Performance and Durability of Ordinary Concrete
This test method is used to test whether the expansion caused by alkali-aggregate reaction has the potential hazards with concrete specimens being cured at a temperature of 38 ° C and humid conditions. It is suitable for alkali - silica reaction and alkali - carbon salt reaction.

In this method the square hole sieve should be matched with round hole sieve with nominal diameters of 20mm, 16mm, 10mm, 5mm.

The maximum range of weighing equipment should be 50kg and 10kg respectively, a sense of amount should not exceed 50g and 5g, each one.

The size of test mold measured from inside should be75mm × 75mm × 275mm,two end-plate of test mold should have round hole reserved for the installation probe, the hole diameter should be matched with the probe diameter.
  The diameter of the probe is (5 ~ 7) mm, the length should be 25mm. It should be made of stainless metal; the probe should be located at the center of both ends.
  The measuring range of length measuring instrument should be (275 ~ 300) mm, accuracy should be ± 0.001mm.
  Curing box should be made of corrosion-resistant materials, should not be leaking, and should be sealed. Bottom of the box should be fitted with water at a depth of (20 ± 5) mm, a frame should be in the box which can make specimen vertically up in the box. The bottom of specimen should not be in contact with water. A conservation box had better to accommodate three specimens.
Alkali - aggregate reaction tests should meet the following requirements:
Portland cement should be used; the alkali amount of cement should be (0.9 ± 0.1) %. The alkali amount of test cement can get to1.25% with adding the concentration of 10% NaOH solution,

When the test is used to evaluate the activity of fine aggregate non-active coarse aggregate should be used, non-activity of coarse aggregate should be determined by experiments, and fineness modulus of fine aggregate should be (2.7 ± 0.2). When the test is used to evaluate the activity of coarse aggregate, non-active fine aggregate should be used; non-activity of fine aggregate should be determined by experiments. When the aggregate used in a project is with the same species, the coarse and fine aggregate should be used to evaluate the activity. The coarse aggregate gradation should be with three kinds: (20 ~ 16) mm, (16 ~ 10) mm and (10 ~ 5) mm, mix together with each 1 / 3.

The amount of cement in per cubic meter concrete should be (420 ± 10) kg. Water-cement ratio should be 0.42 to 0.45. Mass ratio of coarse aggregate and fine aggregate should be 6:4. The other admixtures should not be applied in test besides NaOH.
Specimen should be made as following:
24h before Forming, all raw materials used in test should be placed in the forming chamber at (20 ± 5) ° C.

Concrete should be mixed mechanically.

Concrete should be loaded in test mold only once, tamped by pound rod and spatula, and then shaken on the vibration table for 30s.
Specimen after forming should be sent into the standard curing room with (20 ± 2) ° C, relative humidity above 95% with the mold together, the money should be in the initial setting of concrete (1 ~ 2) h, the specimen along the die mouth grinding level and number. (1 ~ 2) h before the initial setting of concrete, grind the specimen along mold mouth level and number it.

Conservation and measurement of specimen should meet the following requirements:

The specimen should be conserved in the standard conservation room, (24 ± 4) h later, when stripping is especially careful not to damage the probe and the baseline length of specimen should be measured as soon as possible. Test pieces should be covered with a damp cloth.
Baseline length of specimen should be measured in a room at(20 ± 2) ° C. Each test specimen should be repeated at least twice, the baseline length should be taken as the arithmetic mean value.
After measurement of baseline length, the specimen should be placed in conservation boxes with a tight lid. Conservation box should be placed in the conservation room at (38 ± 2) ° C.

Measuring age of specimen date from finishing baseline length measuring, the measurement should be the age of 1 week, 2 weeks, 4 weeks, 8 weeks, 13 weeks, 18 weeks, 26 weeks, 39 weeks and 52 weeks, and then every six months may be measuring time. 

At each measurement, the specimen should be observed whether it has the cracks, deformation, exudates, and reaction products etc., and it should be documented.

When the alkali-aggregate reaction test appears the following two kinds of circumstances, the test should be ended.

In the 52-week test period, the expansion rate is more than 0.04%;

  Although the expansion rate is less than 0.04%, but the trial period has reached 52 weeks.

The experimental results calculation and treatment shall comply with the following provisions 

The specimens’ expansion rate should according to equation below computation
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               (1)
εt——specimens’ expansion rate at t days, accurate to 0.001;

Lt——Specimens length at t days(mm);

Lo——Specimens benchmark lengths（mm）;

· ——measurement head length（mm）.

Each group should be based on measurements of 3 specimens of age as part of a expansion ratio of the arithmetic mean of the measured value

When the average expansion rate is less than 0.02% per group, individual specimens’ expansion ratio in the same test pieces should not exceed the difference between 0.008%; when the average expansion rate is more than 0.02%, individual specimens’ expansion ratio in the same test pieces should not exceed the difference between 40%.
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