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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 °C—12 °C—8 °C—
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4°C as the cooling gradient, the cooling rate of the incubator is 1 °C/min, and the sample is cured at 25 °C
for 12 h, and then cooled to 12 °C, 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 °C—12 °C—8 °C—4 °C—1 °C 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 °C for 24 h, and the
temperature is reduced to 12 °C 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/m?3.The sample's moisture content is
15.50%.The thermal Conductivity and the Specific heat capacity are 0.8 W/(m-K) and 1600 J/(kg-K). In
the air bath conditions, the Heat transfer coefficient is 5 W/cm?K. In the liquid bath conditions, the Heat
transfer coefficient is 200 W/cm?K.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°C (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:

r,=3V/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
. . Equivalent radius Cooling Balance time
E tt 1 D H

xperiment type Sample size(D,H) (cm) method )
. 6.18 cm, 4 cm 2.61 7
saltce();f:ri?oﬂ)test 17.9 cm,11.59 cm 7.59 Gas bath 20
p 61.8 cm, 40 cm 26.1 88
3.91 cm, 8 cm 2.37 0.5
3D salt expansion test 5cm, 10 cm 3 Liquid bath 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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Birim Munucmpaizinity KAAGALIK XKepacmol urXeHepuicoiHolt Heziszi sepmxanacst, betixin Lizaomyn
ynusepcumemi, Ilexun, Koimati

1D Ty3AaaH iciHy CbIHa¥BIHAAFBI CyAb(aTTBI-TY3AbI TONBIPAKTBIH Telle-TeHAiK YaKbIThl MEeH
AepopMaIsIChI

Angarna.Tysaan iciHy mMaceaeci HaTpmii cyabdartsl Oap TOIBIpaK YIIiH CaaKbIH aliMaKTapaa
ayplp 0oapIl Keaedi. Bya >KymbIcTa Ty3ABl TONBIPAKTHIH Oip eamemAi iciHyi, KaHBIKKAH HaTpUIit
cyabdaTsl epiTiHAiCiHIH KpMCTaadaHy CBHIHAFBl JKOHE TOIIBIPAKTHIH CaHABIK CAaJAKBIHAATY CBIHAKTAPbI
Kyprisiain, TysjaH iciHy depopMaIMsACBIHBIH TYPaKTBIABIK YaKBITBIH 3€pTTell, Ty3AaH iCiHyAl chlHay
dAiCiHIH CcTaHAApPTTHl TOPTiOI aHBIKTaaAbl. OTKisreH chlHaK HITIKeaepi: (A) TemIlepaTypaHbIH Terle-
TeHAIri >KeHe KplUCTaajaHy Ipoleci Oip OarbITTarbl Ty34aH iCiHy chlHarbIiHAaA Oip Mesriage asKTaaalbl;
(B) KoHCOAMAAINIS CHIHAFBIHBIH CTaHAApPTHIHA CiATeMe Kacall OTBIPHII, iciHy >KbragamAbFsl 0,02MM/caF-
TaH a3 00AaThIH Ty34aH iCiHy CTaHAAPTTHI ChIHAFbIHAA KOAAaHyFa 004aabl; (C) TONBIPaKTLIH
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TeMIlepaTypaAablK Tele-TeHAITiHIH Taaall eTiAeTiH YaKbIThl KBajpaTThIK, ©AIIEeMIe COlIKeC Keaesi >KoHe
CYMBIK OpTa >KafjallbIMeH Ia3 OpPTachIHBIH KYIJiMeH caAbICTBIpFaHAA d44eKaiida >KbligaM O0Aaabl.
Jedopmalius MeH TeMIlepaTypa CMHXPOHAAAFaHABIKTAH, 9p TYpAi CaAKBIHAATKBIII OpPTaja¥Fsl 9p TypAai
eameMai yariaepaid gedpopMallVsHBI TYPaKTaHABIPY YaKBITBI YChIHBIAAABL. OCHI TY>KBIPBIMAApPABIH
HeriziHage Oip eamemai Ty3gaH iCiHy CbIHay 94iCiHiH CTaHAapTTBHl HpoIleAypachl YCBIHBLAAABI, OHAA
ChIHAK >KaOABIKTapHl, CHIHAK, ITpOIieci, Ty3AaH iciHyAiH AepOpMalVICHIH TYPaKTaHABIPY YaKBITHI SKoHe
MaaAiMeTTepAl OHARY 94ici KeATipiareH.

Tyiiin ce3aep: cyabdart, Ty3Abl TOIBIPaK, TY34bI iCiHy, yaKbITTBI Ty pPaKTaHABIPY, TaXKipuoOe ajici.

Sabnse Hsu, Kcy An
Katouesas aabopamopus 20podckozo nodsemmozo cmpoumervcmea Murucmepemesa odpasosariusl, Ilexurckuii
ynusepcumem Llzaomymn, Ilexun, Kumaii

HPOAOA)KI/ITEAI)HOCTI) pPaBHOBECUsI 11 Ae(l)OpMaI_H/IOHHbIe XapaKTepUuCTUKN Cy[lb(l)aTHO-
3aCOA4€HHOTIO IpyHTa: Ha6yxaHI/Ie IIp OAHOMEPHOM MCITbITAHN

Annoramms. IlpoGaema coaeBoll ®DKCHaHCHUM SABAAETCS OYEHb CePbhe3HOM JAAs TIPYHTOB,
coep Kalux cyabdar HaTpus B XOA0AHBIX PerroHax. B craTtbe nmpeacrapaeHbl pe3yAbTaThbl, CBsI3aHHBIE C
UCHBITAaHUSAMM Ha OAHOMEepHOe HaOyxaHMe 3acOAeHHON ITOYBBI, MCIIBITaHMeM Ha KpUCTaAAU3aluio
HaCHIIIIEHHOTO pacTBopa CyAbdaTa HaTPUs M YMCAHHBIMY MCIBITAaHUAMI Ha OXAa’KJAeHMe ITOYBBI 445
U3ydyeHNUs: BpeMeHM CTabumabHOCTH JedpopManuy HaOyXaHUs COAEBBIX TPYHTOB U OIpeleAeHNs
CTaHAApTHOI IIpOlleAyphl MeTOJa MCIIBITAaHM: Ha HaDyXaHye COAeBhIX I'PYHTOB. Pe3yAbTaThl MCIIBITAaHNI
nokasaanu: (A) mporecc TeMIIepaTypHOTO paBHOBeCUS ¥ KPUCTaAAM3alMM TIOYTY 3aBepIIaiOTCs
OAHOBPEMEeHHO MPM OJAHOMEPHOM UCIIBITAaHMM Ha coaeBoe pacimmpenue; (B) crangapr mcnpiranns na
YIAOTHEeHIE, COTJAacHO KOTOPOMY CKOPOCTh paciimpeHmns cocrasaser menee 0,02 Mm/4, Moxer
JICII0AB30BaTLCs IIPY UCIIBITAaHUU Ha coleBoe pacimpenne; (C) Tpebyemoe BpeMsI 4451 TeMIIepaTypHOTO
paBHOBecHs IIOYBBI KBaJpaTUYHO 10 OTHOIIIEHMIO K pa3Mepy oOpaslia I HAMHOTO OBICTpee B YCAOBMX
JKMAKOI CpeAbl 110 CpaBHEHNIO C YCAOBUAMM B Ta3oBoli cpee. [lockoapKy dedpopmariis u TeMieparypa
CHMHXPOHM3UPOBaHbI, peKOMeHAyeTCsl BpeMsl cTadbuansanun gedpopmarnuy oOpasiios pasHOTO pa3Mepa B
pasHBIX OoXAaxkJaomux cpegax. Ha ocHoBe ®Tux pe3yabpTaTroB IpejaaraeTcs CTaHAapTHas IIpoliedypa
MeToJa OAHOMEpPHOIO MCIIBITaHMs Ha COAeBOe pacIiipeHne, B KOTOPOM IIPUBOAATCA MCIBITaTeAbHOE
0o0opyAoBaHMe, IIpollecC UCIBITaHMs, BpeMs cTabuansanuy, AepopMaluy COA€BOTO pacIIMpeHus U
MeTo/ 00pabOTKM AaHHBIX.

Karouesbie caoBa: cyabdaT, 3aCOA€HHBI TPYHT, COAeBOe paclllipeHne, BpeMs CTaduAu3aiuy,
DKCIIEPUMEHTAABHBIN METOA,
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