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The equilibrium time and deformation characteristic of sulfate saline soil  

in 1D saline expansion test 

Abstract. The salt expansion disease is serious for the soil containing sodium sulfate in 

cold regions. This paper carried out one-dimensional swelling tests of saline soil, and 

numerical cooling tests of soil to explore the stability time of salt swelling deformation 

and determine the standard procedure of the salt swelling test method. The test results 

demonstrate that: (A) the temperature equilibrium and crystallization process are almost 

completed simultaneously in the one-dimensional (1D) salt expansion test; (B) Referring 

to the standard of consolidation test, a standard that the expansion rate is less than 

0.02mm/h can be used in the salt expansion test; (C) The required time for temperature 

equilibrium of soil is quadratic to sample size and is much faster with liquid bath 

condition comparing to gas bath condition. Because the deformation and temperature are 

synchronized, the deformation stabilization time of different size samples in different 

cooling media is recommended.This can provide a reference for the deformation 

equilibrium time of the salt swelling test. 
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Introduction 

 

When the soil's soluble salt content is greater than or equal to 0.3%, and the sagged salt expansion, 

or corrosion occurs, the soil is referred toas saline soil [1]. Saline soil is widely distributed in Northwest 

China [2]. When the environmental temperature decreases, the salt crystallizes in sulfate saline soil and 

salt swelling happens.The salt will crystallize and dissolve driven by the temperature difference 

between day and night, and it is easy to cause engineering diseases in the continuous salt swelling-

collapse process. To more clearly understand the effect of temperature on the salt expansion process, 

Wan et al. [3-6] conducted salt expansion experiments with different cooling rates. However, in a closed 

system, the salt expansion is driven by temperature, and how much crystallization is completed when 

the temperature is stable, and whether the salt expansion is synchronized with the soil temperature is 

unclear. Given the cooling conditions and sample size, what is the temperature stabilization time of the 

sample, the temperature stability of the sample, and the stability standard of deformation, there is no 

specific specification. The main purpose of this article is: (a) Determining whether the deformation 

stabilization time and the temperature stabilization time of saline soil are synchronized. (b) Determining 

the deformation stabilization time of the salt expansion test.  

 

Methods 

 

2.1 1D salt expansion test of big size samples 

Test device andTest procedure: 

The test equipment is the salt expansion test barrel, DT85, PT100 temperature sensor, and the 

digital dial indicator. 

The soil sample is compacted in six layers, and two PT100 sensors are embedded in the center of 

the sample, and the temperature of the center point of the soil is collected every 1 minute through DT85. 

A digital dial indicator is installed on the top of the sample and set to collect data every 1 minute. The 

test box can realize the automatic constant temperature function. The test takes 25 ℃→12 ℃→8 ℃→ 
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4℃ as the cooling gradient, the cooling rate of the incubator is 1 ℃/min, and the sample is cured at 25 ℃ 

for 12 h, and then cooled to 12 ℃, after the constant temperature for 24 h, decrease to the next level of 

temperature at the same cooling rate and so on.  

2.2 1D salt expansion test of small size samples 

Test device andTest procedure: 

Test equipment is the cutting ring with a diameter of 6.18 cm and a height of 4cm, the Vernier 

caliper, and the C4-600 programmable thermostat. 

The test chamber can automatically adjust thetemperature change according to the set cooling 

program. The test uses 25 ℃→12 ℃→8 ℃→4 ℃→1 ℃ as the cooling gradient, the cooling rate of the 

incubator cooling stage is set according to the test plan, the sample is cured at 25 ℃ for 24 h, and the 

temperature is reduced to 12 ℃ at the set cooling rate, after a constant temperature of 24 h, it will also 

drop to the next level of temperature at the set cooling rate and so on. At each level of constant 

temperature, it will be measured by Vernier calipers every certain time (usually 2-4 h).  

2.3 Numerical simulation method 

According to the soil type, dry density, and moisture content of the salt expansion test sample, 

refer to relevant literature[7], determine the parameters of the model, and determine the heat transfer 

coefficient based on the cooling method. The dry density is 1700 kg/m3.The sample's moisture content is 

15.50%.The thermal Conductivity and the Specific heat capacity are 0.8 W/(mK) and 1600 J/(kgK). In 

the air bath conditions, the Heat transfer coefficient is 5 W/cm2K. In the liquid bath conditions, the Heat 

transfer coefficient is 200 W/cm2K.The numerical simulation cooling process is consistent with the 

actual soil sample cooling process. 

Results and Discussion 

The test results of the 1D salt expansion test are shown in Figure 1 and Figure 2. 
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    Figure 1. Variation of temperature at sample                Figure 2. Curve of soil sample swelling rate versus 

time center and sample height (big size sample)                                          at 8℃ (small size sample) 

 

The test results in Figure 1 demonstrate that the salt expansion and temperature equilibrium are 

occurring co-transcriptionally. 

Because the salt swell test is similar to the consolidation test, the deformation stability standard of 

the salt swell test can be formulated by analogy with the consolidation test. Therefore, the stability 

standard of the salt expansion test is: the deformation per hour at each temperature is not more than 

0.02 mm or the temperature is stable for 24 hours. Figures 2 shows that the soil sample is deformed and 

stabilized at 12 °C and then cooled to 8 °C. Taking the temperature completion rate of 95% (ie 8.2 °C) as 

the temperature stability standard, and taking the salt expansion rate less than 0.02 (mm/h) as the 

deformation stability standard, the temperature curve, and the salt expansion rate curve under this  

stable standard can be obtained. At one point, this time point is the salt swelling and deformation  
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stability time. The time when the temperature completion rate reaches 95% is the same as the 

deformation stability standard.  

When the cooling conditions are the same and the sample size is different, the temperature 

gradient inside the sample is different, and the temperature equilibrium time is also different. The 

effective radius rs characterize different sizes, and its expression is: 

 3 /sr V S  (1) 

where V is the sample volume; S is the sample surface area. 

The temperature completion rate of 95% is taken as the sample temperature's stability standard 

comprehensively considering the test efficiency and the test accuracy. As the temperature stabilization 

time is minimal when the temperature difference differs, the average value of the temperature 

stabilization time at all levels is taken as the temperature stabilization time of the sample. The 

relationship between the sample's temperature stabilization time and the effective radius is shown in 

Figure 3. 
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Figure 3. The relationship between the temperature stabilization time of the sample and the 

effective radius of the sample 

 

The list of deformation stability time of samples under different sizes and different cooling 

methods are shown in Table 1. 

 

Table 1 

List of deformation stability Time 

Experiment type Sample size(D,H) 
Equivalent radius 

(cm) 

Cooling 

method 

Balance time 

(h) 

Confined 1D 

salt expansion test 

6.18 cm, 4 cm 2.61 

Gas bath 

7 

17.9 cm,11.59 cm 7.59 20 

61.8 cm, 40 cm 26.1 88 

3D salt expansion test 

3.91 cm, 8 cm  2.37 

Liquid bath 

0.5 

5 cm, 10 cm 3 0.7 

50 cm, 80 cm  28.56 46 
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Conclusion 

 

Through the laboratory and numerical tests, the following conclusions are obtained: 

1. In the sulfate saline soil, the salt crystallization, salt expansion, and temperature equilibrium are 

occurring co-transcriptionally. 

2. The salt expansion and deformation stability standard can be used as that the expansion rate is 

less than 0.02 mm/h, and the temperature stability standard can be used as that the temperature 

completion rate reaches 95%.  

3. The temperature stabilization time of the sample has a parabolic relationship with the effective 

radius of the sample.  

4. Comparing to an air bath, the liquid bath can greatly reduce the equilibrium time.  
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Y.J. Ji, X. Li 

Білім миниттслігініо қалалық жесатты инженесиятыныо негізгі зестханаты, Бейжіо Цзяптун 

унивеститеті, Пекин, Қытай 

 

1D тұздан ітіну тынағындағы тульфатты-тұзды тпрысақтыо тере-теодік уақыты мен 

дефпсмацияты 

 

Аодатра.Тұздан ітіну мютелеті натсий тульфаты бас тпрысақ үшін талқын аймақтасда 

ауыс бплыр келеді. Бұл жұмытта тұзды тпрысақтыо біс өлшемді ітінуі, қаныққан натсий 

тульфаты есітіндітініо кситталдану тынағы жюне тпрысақтыо тандық талқындату тынақтасы 

жүсгізілір, тұздан ітіну дефпсмациѐтыныо тұсақтылық уақытын зесттер, тұздан ітінуді тынау 

юдітініо ттандастты тюстібі анықталды. Өткізген тынақ нютижелесі: (A) темресатусаныо тере-

теодігі жюне кситталдану рспцеті біс бағыттағы тұздан ітіну тынағында біс мезгілде аѐқталады; 

(B) кпнтплидациѐ тынағыныо ттандастына тілтеме жатай птысыр, ітіну жылдамдығы 0,02мм/тағ-

тан аз бплатын тұздан ітіну ттандастты тынағында қплдануға бплады; (C) тпрысақтыо  
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темресатусалық тере-теодігініо талар етілетін уақыты квадсаттық өлшемге тюйкет келеді жюне 

тұйық пста жағдайымен газ пстатыныо күйімен талыттысғанда юлдеқайда жылдам бплады. 

Дефпсмациѐ мен темресатуса тинхспндалғандықтан, юс түслі талқындатқыш пстадағы юс түслі 

өлшемді үлгілесдіо дефпсмациѐны тұсақтандысу уақыты ұтынылады. Оты тұжысымдасдыо 

негізінде біс өлшемді тұздан ітіну тынау юдітініо ттандастты рспцедусаты ұтынылады, пнда 

тынақ жабдықтасы, тынақ рспцеті, тұздан ітінудіо дефпсмациѐтын тұсақтандысу уақыты жюне 

мюліметтесді өодеу юдіті келтісілген. 

Түйін төздес: тульфат, тұзды тпрысақ, тұзды ітіну, уақытты тұсақтандысу, тюжісибе юдіті. 

 

Яньцзе Цзи, Кту Ли 

Ключевая лабпсатпсия гпспдткпгп рпдземнпгп ттспительттва Миниттесттва пбсазпвания, Пекинткий 

унивеститет Цзяптун, Пекин, Китай 

 

Пспдплжительнптть савнпветия и дефпсмаципнные хасактеситтики тульфатнп-

затпленнпгп гсунта: набухание рси пднпмеснпм итрытании 

 

Аннптация. Пспблема тплевпй эктрантии ѐвлѐеттѐ пчень тесьезнпй длѐ гсунтпв, 

тпдесжащих тульфат натсиѐ в хплпдных сегипнах. В ттатье рседттавлены сезультаты, твѐзанные т 

итрытаниѐми на пднпмеснпе набухание затпленнпй рпчвы, итрытанием на кситталлизация 

натыщеннпгп саттвпса тульфата натсиѐ и читленными итрытаниѐми на пхлаждение рпчвы длѐ 

изучениѐ всемени ттабильнптти дефпсмации набуханиѐ тплевых гсунтпв и прседелениѐ 

ттандастнпй рспцедусы метпда итрытаниѐ на набухание тплевых гсунтпв. Результаты итрытаний 

рпказали: (A) рспцетт темресатуснпгп савнпветиѐ и кситталлизации рпчти завесшаяттѐ 

пднпвсеменнп рси пднпмеснпм итрытании на тплевпе сатшисение; (B) ттандаст итрытаниѐ на 

урлптнение, тпглатнп кптпспму ткпсптть сатшисениѐ тпттавлѐет менее 0,02 мм/ч, мпжет 

итрпльзпватьтѐ рси итрытании на тплевпе сатшисение; (C) тсебуемпе всемѐ длѐ темресатуснпгп 

савнпветиѐ рпчвы квадсатичнп рп птнпшения к сазмесу пбсазца и намнпгп быттсее в утлпвиѐх 

жидкпй тседы рп тсавнения т утлпвиѐми в газпвпй тседе. Ппткпльку дефпсмациѐ и темресатуса 

тинхспнизиспваны, секпмендуеттѐ всемѐ ттабилизации дефпсмации пбсазцпв сазнпгп сазмеса в 

сазных пхлаждаящих тседах. На птнпве этих сезультатпв рседлагаеттѐ ттандастнаѐ рспцедуса 

метпда пднпмеснпгп итрытаниѐ на тплевпе сатшисение, в кптпспм рсивпдѐттѐ итрытательнпе 

пбпсудпвание, рспцетт итрытаниѐ, всемѐ ттабилизации, дефпсмации тплевпгп сатшисениѐ и 

метпд пбсабптки данных. 

Ключевые тлпва: тульфат, затпленный гсунт, тплевпе сатшисение, всемѐ ттабилизации, 

эктресиментальный метпд. 
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