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1-Introduction

Construction of engineering projects such as dam, tunnel, open pit mines have been usually developed in
mountainous areas. In these projects, bedrocks strength is important when it is exposed against the
environmental factors. In these areas, the process of freezing-thawing is the most common factor in reducing the
durability and strength properties of rocks which it is important to determine the amount of their changes before
design of these projects. Indeed, evaluating the reduction of rock geo-mechanical parameters due to freezing-
thawing cycles is a crucial issue in initial design of engineering projects such as tunnels, dams and mines in the
cold regions (Tan et al., 2011; Jamshidi et al., 2016).

In the past decade, researchers have done various studies upon the effect of freezing-thawing cycles on the rocks
physical and mechanical properties (Domenico, 1984; Dreesen and Dusar, 2004; Draebing and Krautblatter,
2012; Khanlari and Abdilor, 2015). These studies focused on the evaluation of the freezing-thawing cycle’s
effect on the physical and mechanical properties of building stone such as strength, pore size distribution,
permeability and mineralogical content (Fener and Ince, 2015). One of the important parameters for evaluation
of rock strength against the weathering is ultrasonic wave velocity (Altindag et al., 2004). By using non-
destructive methods, we can accurately assess the rock stability condition. Elastic waves that passed into the
rock are generated from an external source and it is recorded by a receiver after passing through the material.
Information about these materials can be obtained based on the analysis of processes and parameters obtained
from the elastic wave’s passage through the rock (Ding et al., 2016).

In this study, the compressional wave (P-wave) velocity and dry density properties of schist rock samples were
investigated in intact and weathered situation. Also, experimental equations have been presented to determine
the correlation coefficient of P-wave velocity dry density with specified number of freezing-thawing (F-T)
cycles.

2- Methodology

In this study, variations of P-wave velocity and dry density of schist samples were evaluated in 0, 7, 15, 40 and
75 cycles of freezing-thawing. The P-wave velocity and dry density parameters were measured according to the
ISRM standard (Fahimifar and Soroush, 2003). This parameter was determined for five regular samples in each
weathering cycle (a total of 25 samples). Also, dry density was measured in each weathering cycle for 10
regular and 5 irregular samples (a total of 75 samples). Texture and mineralogical composition of selected schist
were studied using microscopic and XRD analysis. To evaluate the development of existing cracks and creation
new micro-cracks, samples were studied by an electronic microscope.

3- Results and discussion

As previously mentioned, experiments were carried out to determine the P-wave velocity of samples after 0, 7,
15, 40 and 75 cycles of F-T. Statistical characteristics of obtained results are given in Table 1. Also, P-wave
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velocity variations against the increasing of the number of F-T cycles are shown in the Figure 1. According to
this figure, the P-wave velocity is decreased exponentially with increasing the number of F-T cycles. By fitting
the best relation on the given data in Fig. 1, Eq. (1) can be presented to calculate the P-wave velocity of schist
rock based on different cycles of F-T.

Table 1. Statistical characteristics of P-wave velocity (m/s) test results in different freezing-thawing cycles.

F-T cycles | Average | Standard deviation | Minimum | Maximum
0 4041.92 139.62 3742.84 4357.6
7 3923.34 404.78 3309.37 4246.68
15 3613.15 443.89 2951.76 4107.17
40 2950.26 278.83 2551.95 3309.9
75 1992 309.28 1501.31 2357.15
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Fig.1. P-wave velocity variations against the increasing of the number of F-T cycles.

V, =4072.4-28.55N (1)

Where, Vp is P-wave velocity and N is the number of F-T cycles. The dry density of samples was also
calculated in the freezing-thawing cycles of 0, 7, 15, 40, and 75 based on the suggested method by ISRM
(Fahimifar and Soroush, 2003). Statistical characteristics of dry density test results are also presented in Table 2.

Table 2. Statistical characteristics of dry density (g/cm?q) test results in different freezing-thawing cycles.

F-T cycles | Average | Standard deviation | Minimum | Maximum
0 2.54 0.08444 2.45 2.66
7 2.51 0.07791 2.45 2.64
15 2.44 0.04062 2.40 2.49
40 2.31 0.11136 2.17 2.45
75 2.04 0.08396 1.95 2.14

Variations of yq for tested samples against the increasing of the number of F-T cycles are demonstrated in Fig. 2.
As shown, dry density of samples was less affected by weathering factors in the initial cycles of F-T. However,
samples density more decreased with increasing the weathering grade. The best relation was fitted on prepared
data for calculating dry density of schist rock based on the different cycles of freezing-thawing and shown in

Eq. (2).
16 ‘@ @@ \




Spring 2020, Vol 10 (1): 15-30 Adv. Appl. Geol. ﬁ‘rﬁ

Shabid Chamran Universiry of Ahva

264

254

204 T T T T T v T T
0 1 20 30 40 50 60 70 80
N

Fig.2. Change of yq with increasing the number of F-T cycles.

7, (N') =3.337 —0.799e 0N )
Where yq is dry density and N is number of F-T cycles.

4- Conclusion

In this study, effect of F-T cycles on the P-wave velocity and dry density of schist rock has been evaluated in
0, 7, 15, 40 and 75 F-T cycles. Results showed that P-wave velocity and dry density are decreased
exponentially by increasing the number of F-T cycles. Also, variation of mentioned parameters is low in initial
cycles of weathering.This is due to the resistance of quartz minerals in early stages of freezing-thawing.
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Fig. 1. Rock degradation steps due to freezing-thawing process (a-c).
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Table 1. Conducted studies on the effect of F-T cycles on rock compressive wave velocity.
Row Refference Number of F-T cycle Rock and soil type
1 Ruedrich et al. (2011) 1400 Granite, Tuff, Limestone
2 Draebing and Krautblatter (2012) - Carbonate, Metamorphic, Gneiss
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3 Ozbek (2014) 50 gIgnimbrite, Red Igr?imbrite g
4 Khanlari and Abdilor (2015) 30 Sandstone
5 Fener and Ince (2015) 30 Andesite
6 Ding and Song (2016) 50 Sandstone
7 Celik (2017) 25 Travertine
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Table 2. The result of petrographic study using the polarizing microscope.
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Fig. 5. Location of drilled boreholes in Angouran mine area.
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Fig. 6. Prepared samples for test implementation.
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Fig. 7. Compressive wave velocity measurement of schist samples.
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Fig. 8. Measuring the density of regular samples.
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Fig. 9. Measuring the density of irregular samples.
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Fig. 10. The status of mine benches in autumn and winter seasons.
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Fig. 11. Conditions of applying one cycle of freezing-thawing process.
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Fig. 12. (a) Image of intact sample, and (b) weathered sample, after 75 freeze-thaw cycles.
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Fig. 15. Diagram of compressive wave velocity changes versus number of F-T cycles.
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Table 3. Test results of compressional wave velocity (m/s) on schist samples in different freezing-thawing cycles.

F-T cycle Average Standard deviation Minimum Maximum
0 4041.92 139.62 3742.84 4357.6
7 3923.34 404.78 3309.37 4246.68
15 3613.15 443.78 2951.76 4107.17
40 2950.26 278.83 2551.95 3309.9
75 1992 309.28 1501.31 2357.15
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Table 4. Results of dry density (gr/cm?3) determination on schist samples in different freezing-thawing cycles.

F-T cycle Average Standard deviation Minimum Maximum
0 2.54 0.08444 2.45 2.66
7 2.51 0.07791 2.45 2.64
15 2.44 0.04062 2.40 2.49
40 2.31 0.11136 2.17 2.45
75 2.04 0.08396 1.95 2.14
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Fig. 16. Diagram of dry density variations versus increasing the number of freezing-thawing cycles.
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Fig. 18. Variations of compressional wave velocity versus the variations of dry density.

Slllas plo b 093 b Slyteed ool pll udizs mls (D=40-75
L os)lad zgo Lol ceyu «Oldllas dan (o prizan o) 485 Oo0
Ol oo g Sl adly ralS Cgd-olexil sboas > olass il

DSl eo mlb s Wosls

s Ol i ol Gl sae] Cansds gl (i liel jglaiea

@l b (Sojlse e Slapd Jlie o o1 5l Jol> s)Led g
Ruedrich et al., 2011; Ghobadi and ) L3 lsxe oldlas
Babazadeh, 2015; Ding and Song, 2016; Wang et al.,
- odalive a5 jglailen .ol oald ssle Hlis VA s (o g anglis 2017
A=0-10, B=10-25, C=25-40, ) Sojlsa cilizes lo M5 ;o 34

I Current study
60+ | Ghobadi and Babazadeh (2014)
Il Wang etal (2017)
[ ] Ding and song (2016)
50 + .
M R ucdrich et al (2011)

B
o
1

Change in Vp (%)
3 g
1 1

10 1

weathering class

S j0 5,la8 e Hlasl ey (g3 g mgd-slezl glaas > S ans) 1o Ko i dalllas b ols Gadod asel awslie -V IS
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propagation of compressional wave velocity in rock.

Too Sy e denlne Sz 028 dlal,) g0 calols slaloges (35l
S g g —olezl Gl sloas > slaws gl SsSB4 g lud
0 st g dll Sid JB 5 65188 zae S e (225 dal
Py Sae Sl esliiul b (Soslea jlam g J8 beaiges Cdb wule o
S 3k pS 15 e plis alol mls (28,5 18 (o 2 3590 (SS9 Sl
(Slsn 437 VO | oy 4 plots Jo 53 wilioe S slatiges 13 o
2 g imen 5 oad ol sl G Gl (Sabil
5 eoSms S Sl ol ond LSS bodigas o6 eme slivl,
b St JBa g 6,lid zge Sy 2alS a5 ol les XRD Julss
cgd-olexl alire sbods > azl o b lislug S dwain i
anlllae @l b pol> aallas i son] Cassy gl duslie wolps ,o aib o
T S S5, 2 og-slezsl slaas > 5L L bl o calise cpuiie
Sldllas 5 ol uiod @lS o o5 Sl Slseen 45 sls olas o Led

3,08 9925 LB

YA

Toe ey sloyially 555 » wgs-slezl anTp b (s a0

osbie (el oad pwyn Cend S SS JBr g g)lad
VO 5 Fr A0 Y o ol Gilize Sojlsn slaas 2 o o5 (sla sl
Sl saiaselis alols mls el 415,55 anlllas o5 5 5ol
wobolazl slods > slaws Ll b Sis I 5 o )lid zos cuepus
iyl loas 2 3 oS sl onl drg LB 4SS bl e sl gk
by asS )15 (Sojlsn il cod a8 Sas SISz 5 5 Lad gye S
S e bl g0 e el e iogd-slezl glaad iz sl ]
5 w3bioe 100 vgam 0 )lad zae Sy GolS Jb ol Lol
ogdlry ool 4zl ol TYe ol 4 baiges Sis S a5l
Sis JBr albize polie sl 4 55la8 gae S g Dlpds
@l ©ppot )3 zoe S (JBs GlPl L a5 ol plis ladiges
5 SR sl xS ol 5l Jol> slaools Gulul 5 aiboe (2l



N

\ c)Lo.{l} AR 0,90 A4 )LQ,.» EVC O] gsbf.)ls g_;“’L*-'*‘ O 5'!?@1»’);;#?"”
S dilores (5, 8an (b 4y liws S olRiils g ;S el cixis )l ,S &3 Pl
Saled (Glsya8 O pyme gt g LS, 5 adls e p3Y 05 Baings

)&L Qs Lgl.{bom‘o S Sl Lgbbcli&g.bﬂ P Q|)9§J| S99 P

&b

Babuska, V., 1968. Elastic anisotropy of igneous and metamorphic rocks. Studia Geophysica et Geodaetica 12 (3), pp. 291.

Barton, M., Hamilton, D.L., 1978. Water-saturated melting relations to 5 kilobars of three Leucite Hills lavas. Contributions to
Mineralogy and Petrology 66 (1), 41-49.

Borhani, A., Lashkaripoor, Gh., Ghafouri, M., 2015. Investigation of physical and mechanical properties of the schists in the
South of Mashhad, Second National Conference on Geology and Exploration Resources, Shiraz.

Celik, M.Y., 2017. Water absorption and P-wave velocity changes during freeze-thaw weathering process of crosscut
travertine rocks. Environmental Earth Sciences 76, 409, doi: 10.1007/s12665-017-6632-7.

Chen, J., Xu, Z., Yu, Y., Yao, Y., 2014. Experimental characterization of granite damage using nonlinear ultrasonic
techniques. NDT & E International 67, 10-16.

Chen, T.C,, Yeung, M.R., Mori, N., 2004. Effect of water saturation on deterioration of welded tuff due to freeze-thaw action.
Cold Regions Science and Technology 38 (2-3), 127-136.

Ding, Q.L., Song, S.B., 2016. Experimental investigation of the relationship between the P-wave velocity and the mechanical
properties of damaged sandstone. Advances in Materials Science and Engineering, do: 10.1155/2016/7654234.

Domenico, S.N., 1984. Rock lithology and porosity determination from shear and compressional wave velocity. Geophysics 49
(8), 1188-1195.

Draebing, D., Krautblatter, M., 2012. P-wave velocity changes in freezing hard low-porosity rocks: a laboratory-based time-
average model. The Cryosphere 6, (5), 1163-1174.

Dreesen, R., Dusar, M., 2004. Historical building stones in the province of Limburg (NE Belgium): Role of petrography in
provenance and durability assessment. Materials Characterization 53 (2-4), 273-287.

El-Gohary, M. A., 2013. Evaluation of treated and un-treated Nubia Sandstone using ultrasonic as a hon-destructive technique.
Journal of Archaeological Science 40 (4), 2190-2195.

Fahimifar, A., Soroush, H., 2001. Rock Mechanics Experiments, Theoretical Foundations and Standards VVolume I, Technical
Lab Joint Stock Company and soil mechanics, Amirkabir University of Technology.

Fahimifar, A., Soroush, H., 2003. Rock Mechanics Experiments - Theoretical Foundations and Standards Volume Il Field
tests, Amirkabir University of Technology Publishing Center.

Fener, M., Ince, I., 2015. Effects of the freeze-thaw (F-T) cycle on the andesitic rocks (Sille-Konya/Turkey) used in
construction building. Journal of African Earth Sciences 109, 96-106.

Freire-Lista, D.M., Fort, R., Varas-Muriel, M.J., 2015. Freeze—thaw fracturing in building granites. Cold Regions Science and
Technology 113, 40-51.

Ghobadi, M.H., Babazadeh, R., 2015. Experimental studies on the effects of cyclic freezing—thawing, salt crystallization, and
thermal shock on the physical and mechanical characteristics of selected sandstones. Rock Mechanics and Rock
Engineering 48(3), 1001-1016.

Grossi, C.M., Brimblecombe, P., Harris, 1., 2007. Predicting long term freeze-thaw risks on Europe built heritage and
archaeological sites in a changing climate. Science of the Total Environment 377(2-3), 273-281.

Han, D.H., Nur, A., Morgan, D., 1986. Effects of porosity and clay content on wave velocities in sandstones. Geophysics 51
(11), 2093-2107.

Inigo, A.C., Vicente, M.A., Rives, V., 2000. Weathering and decay of granitic rocks: its relation to their pore network.
Mechanics of Materials 32 (9), 555-560.

Jamshidi, A., Nikudel, M.R., Khamehchiyan, M., 2016. Evaluation of the durability of Gerdoee travertine after freeze—thaw
cycles in fresh water and sodium sulfate solution by decay function models. Engineering Geology 202, 36-43.

Khanlari, G., Abdilor, Y., 2015. Influence of wet-dry, freeze-thaw, and heat—cool cycles on the physical and mechanical
properties of Upper Red sandstones in central Iran. Bulletin of Engineering Geology and the Environment 74(4), 1287-
1300.

Khanlori, Gh., Momeni, A., Abdi, Y., 2010. Engineering Geology and Geotechnics, Pablication of university of Bu Ali Sina,
Hamedan.

Kurtulus, C., Sertcelik, F., Sertgelik, 1., 2016. Correlating physico-mechanical properties of intact rocks with P-wave velocity.
Acta Geodaetica et Geophysica 51 (3), 571-582.

Mahmoud, A.M., Ammar, H.H., Mukdadi, O.M., Ray, I., Imani, F.S., Chen, A., Davalos, J.F., 2010. Non-destructive
ultrasonic evaluation of CFRP—concrete specimens subjected to accelerated aging conditions. Ndt & E International 43,
(7), 635-641.

Mamillan, M., 1979. Méthodes d’essais au gel des pierres, Problems Raised by Frost Action. In 6th international congress of
the fondation frangaise d’Etudes Nordiques, Le Havre, p. 225-238.

Y4



N

Voole Ve 0,90 A9 e byl 6 (owlid (e S gy itoln

Ozbek, A., 2014. Investigation of the effects of wetting—drying and freezing-thawing cycles on some physical and mechanical
properties of selected ignimbrites. Bulletin of Engineering Geology and the Environment 73(2), 595-609.

Ozgan, E., 2007. Determining the stability of asphalt concrete at varying temperature and exposure times using destructive and
non-destructive methods. Journal of Applied Sciences 7(24), 3870-3879.

Ozgan, E., Serin, S., Ertiirk, S., Vural, I., 2015. Effects of freezing and thawing cycles on the engineering properties of soils.
Soil Mechanics and Foundation Engineering 52(2), 95-99.

Park, J., Hyun, C.U., Park, H.D., 2015. Changes in microstructure and physical properties of rocks caused by artificial freeze—
thaw action. Bulletin of Engineering Geology and the Environment 74(2), 555-565.

Ruedrich, J., Kirchner, D., Siegesmund, S., 2011. Physical weathering of building stones induced by freeze—thaw action: A
laboratory long-term study. Environmental Earth Sciences 63(7-8), 1573-1586.
Sousa, L.M., del Rio, L.M.S., Calleja, L., de Argandona, V.G.R., Rey, A.R., 2005. Influence of microfractures and porosity on
the physico-mechanical properties and weathering of ornamental granites. Engineering Geology 77(1-2), 153-168.
Spetzler, H., Anderson, D.L., 1968. The effect of temperature and partial melting on velocity and attenuation in a simple binary
system. Journal of Geophysical Research 73(18), 6051-6060.

Standard, A.S.T.M., 2008. Standard test method for laboratory determination of pulse velocities and ultrasonic elastic
constants of rock. ASTM International, West Conshohocken.

Tan, X., Chen, W., Yang, J., Cao, J., 2011. Laboratory investigations on the mechanical properties degradation of granite under
freeze—thaw cycles. Cold Regions Science and Technology 68(3), 130-138.

Wang, P., Xu, J. Y., Liu, S., 2015. Ultrasonic method to evaluate the residual properties of thermally damaged sandstone based
on time—frequency analysis. Nondestructive Testing and Evaluation 30(1), 74-88.

Wang, P., Xu, J., Fang, X., Wang, P., Zheng, G., Wen, M., 2017. Ultrasonic time-frequency method to evaluate the
deterioration properties of rock suffered from freeze-thaw weathering. Cold Regions Science and Technology 143, 13-
22.

Wang, P., Xu, J., Liu, S., Liu, S., Wang, H., 2016. A prediction model for the dynamic mechanical degradation of sedimentary
rock after a long-term freeze-thaw weathering: Considering the strain-rate effect. Cold Regions Science and Technology
131, 16-23.

Yasar, E., Erdogan, Y., 2004. Correlating sound velocity with the density, compressive strength and Young's modulus of
carbonate rocks. International Journal of Rock Mechanics and Mining Sciences 41(5), 871-875.

Zhang, S., Lai, Y., Zhang, X., Pu, Y., Yu, W., 2004. Study on the damage propagation of surrounding rock from a cold-region
tunnel under freeze-thaw cycle condition. Tunnelling and Underground Space Technology 19(3), 295-3.

-

© 2020 Shahid Chamran University of Ahvaz, Ahvaz, Iran. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



