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Geotechnical properties Bentonite
Montmorillonite,
XRD Analysis Carbonate,
Quartz, Kaolinite
Carbonate content (%) 7+0.5
CEC (cmol/kg-soil
N a++C(a+2+M g+2+K)+) 36.86
pH (1:10 ; soil : water) 8.44
Clay (%) 67
Silt (%) 31
Sand (%) 2
Liquid limit (%) 99
Plastic Limit (%) 27
Plasticity Index (%) 72
G 2.79
Classification CH

Table 1. Some geo-environmental and geotechnical properties
of the bentonite clay sample
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Product . Total Free
type SiO, A|203 Fe,O3 CaO MgO K;O Na,O alkaline Lime

so, LOI Inso_luble
residue

Typell 2154 495 382 6324 155 0.75 048 0.97 0.85

241 115 0.43

Table 2. Chemical composition of cement
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Fig. 1. Result of consolidation tests on the uncontaminated
samples; a: e-log p curves and b: Variation of C;, C;and P, vs
cement percentage (cycle0).
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Fig. 3. Result of consolidation tests on the contaminated
samples containing 40 cmol/kg-soil Pb(NOs),; a: e-log p
curves and b: Variation of C., Cs and P, vs cement percentage
(cycle0).
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Variation of C, Cs and P, vs cement percentage (cycle0).
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Fig. 4. Result of consolidation tests on the contaminated
samples containing 80 cmol/kg-soil Pb(NOs),; a: e-log p
curves and b: Variation of C., Cs and P, vs cement percentage
(cycle0).
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Fig. 5. Result of consolidation tests on the contaminated
samples with different Pb heavy metal concentration (cycle 3).
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Cs Co ol s Lls 503 g €-lOGP ol i 15 505 (V) K2 )5
~chle s olg e e ol sdd &LINY S 5P
35 Ol 4 s 45 s e 0L e il slo
Olomwr 1Y+ (ol (Ga g s . oul ) e dac ke ol
slacble ;s Olapw BB (gasa & ol g A€ e
VY 5Ve @) spus o5 4 dae il A s g0 e sanYT
Oy 5 osd K VY Jlesl iomal aly J2als s s
Cdl 5, S Ly g esls s Sl |, SLs bl
Wl 0315 B 5w (6 padt o GBS LBy Cns 45 (5,005
L56 gladised 53T S 55 ol Ae Olpe &S 55k 4
o dse Bla Ar 5t O VT glacble s Ol
SHONY Y0NS o s VT S S LS
2L 28 Olagws Aoy Vv 053380 L aalsl s Ll sl +/047
1P S ETCHN R VA CRP YA R C SRV LA R S P
VT cble il U il sl 5 el ol L i conds



OLan 5 (69 st anbls

aéjﬂ L;Lhdl;— L;:y‘})ﬁ V"S’J » Lf&i"d ul.l...ou” J uﬁ" J..Jt

s VT Cile slacale 55 Pe Co Cs ol i -V K2

- 10 cmol Pb- Cyclel2
- 80 cmol Pb- Cyclel2
- 40 cmol Pb- Cycle12
- 10 cmol Pb- Cycle12
- 80 cmol Pb- Cyclel2

——=&—— Cc - 40 cmol Pb- Cycle12
------- Cs- 10 cmol Pb- Cyclel2
---4--- Cs-80cmol Pb- Cyclel2
—--—A-—- Pc - 40 cmol Pb- Cycle12

D T fi Y A

0 T T T O
5 20

5 Cement ﬁgrcentage !
Fig. 7d. Variation of C., Cs and P, in the contaminated
samples with different Pb concentration (cycle 12)
Fig. 7. Result of consolidation tests on the contaminated
samples with different Pb heavy metal concentration (cycle
12).

PH b iolejT mls Julows 5 4 o5 —F-¥
9 Olamw il glado s gl 4 pH Ol o5 1o g as
ol ol ) (A) gl Ko s e VT Cilises lacals
Ol 5 wsd gl [ Jlasl 5 Ko b oV 50
Sl ssSde Jale 53 a5 eds SLtpH 2alS (s
Yim S STy eSS Gl p e il Ll 10 5l
Al 2l pH I Oleww Loy 2ol 531 L [27- 29T ol
o 70 335550 b 45 503 PH cotuVT BB (545 yai 3 .ol
PH Sliie ol 48 sdey VV/AA & 5 sl 2530 dl 5 Y708
5 Vs sl sty sl Ll sl KL Wil e
PH )¢ @ Olasw Aoy il 59l b aelsl s sl S s
LS 5 K 5 JIs Kl o 48 el 0y VYN g 46 50
Sl 4 53 5 CSH Ll lu b aber Sl Ol wilytn
YT GO B S VIV Y o1 SO PRy (VR PV
Lasisas plod 53 L 5 pH i ¥ (S 53 o8 ol 0T Lobs
3, Slee Sy oS sl i S pH L (3l 5 5555
525 Ol 5 s Jol S ¥ 5o Olacs sllas
5 Vs Gla Sty dsl Kew ¥ s &S el ol S
53 Ll el el gsllas o 0 St N5 oS
Shess Jhl 31 L Laas god plas pH & \Y 5V sla 1S
s ) oS ol wBl 2alSY 50 S 4 b S
JIs oa 5 A3l axdls V S 0551 Sl Jls 15 e o
WV sladS 5o Olarw L oS Sdns 2250 5

83

)L‘Iﬁ)Méwdl}-ﬂbél}-)w)wb\wﬂj)ev\d
S Oliee WL ol 4l 2alS ool (6 st Slos yast
Sl Ll o (b 3 e el oS S
ol aml el S5 ks o s mals VT clile
weMYIQﬂP&‘H\ > 9l xe J)\)_Afﬁuui‘fb
RGO P WA Lg’lﬂ_gl.ia L;ujl'.a‘)lﬁ W‘

S e sl 53 Pe o Cs ol s se-10g P Jlsses V JKS

VY S 53 o S zS Ar 5 £ e cmol/kg-soil slaclals
10 cmol/kg-s0il PB(NOs); 4 o341 (54 303 €-10g P i 505 BV K2

14 ¢
13 £
12 £
2 F
g1l
g
'-g 0.9 E Bent+10 cmol Pb+0%C- cyclel12
> 0.8 £ —=— Bent+10 cmol Pb+5%C- cycle12
"~ F —— Bent+10 cmol Pb+10%C- cycle12
0.7 & —a— Bent+10 cmol Pb+20%C- cycle12
06 I Ly Ly Ly L
0.1 1 100 1000

Log [Jj(tkPa)
Fig. 7a. e-log p curves of contaminated samples containing

10 cmol/kg-soil Pb(NOs), (cycle 12)

40 cmol/kg-soil PB(NO3)2 4 o3 41 (54 se5 €-10g P 13 gas .-V JK&

14 ¢
13 +
12 +
o £
2111
o i
B L £
g 09 + Bent+40 cmol Pb+0%C- cycle12
0.8 -f —®— Bent+40 cmol Pb+5%C- cycle12
0.7 | —— Bent+40 cmol Pb+10%C- cycle12
" [ —— Bent+40 cmol Pb+20%C- cycle12
0.6 L 1 \\\\\H} 1 \\\\\H} 1 \\\HH} Lo
0.1 1 100 1000

Log %)0(kPa)
Fig. 7b. e-log p curves of contaminated samples containing
40 cmol/kg-soil Pb(NOs), (cycle 12)

80 cmol/kg-soil Ph(NO3) 4 3 1 (54 sei €-10g P 15 5as .G—V.JS..:

14 ¢
13 +
12 +
211 ¢
= F
xoq
% 0.9 T Bent+80 cmol Pb+0%c- cyclel2
> : C
0.8 - —=— Bent+80 cmol Pb+5%c- cyclel2
0.7 + —e— Bent+80 cmol Pb+10%c-
06 FL e
0.1 1 10 100 1000
Log p (kPa)

Fig. 7c. e-log p curves of contaminated samples containing 80
cmol/kg-soil Pb(NOs); (cycle 12)



WAV /Y ok / s o35 ooe Ol pos ki lasi = ale ds

(F JS) Ol Ao ss o 2 PH Sl ts oA S0 Sgel el Vg e IS s s Al a4 cad
——— Bent+10 cmol Pb- cycle3 < o N
--4-- Bent+40 cmol Pb- cycle3 oy Ve ‘y)-w ¢ il LSL"“J;:”' 53 oYl gl sla

Sl dss s Joali 1B S sl 1 5, Shes o 2 Ol
Joo Blotr 510 Glachle 5348 col 0T (5-A 5 ==A)
g JB Rl s ol ea g ul L 8 pH s (o
S s Bl e J e Bl A slacBle s pH

20 25

10 1
Cement Percen?age

- ble oS 5Ll S5 w3V Ll sl
Fig. 8b. Variation of pH value (cycle 3) Sl s bod S5 e 5 sl
o ble 56345 CEC S 31, 2S4S )+ cmol/kg-soil sla
(V JSK) Ologes deo3 o s PH il i M I

—&—— Bent+10 cmol Pb- cycle7 _
- - 4-- Bent+40 cmol Pb- cycle? ax g B sy e S sVl gy e Chale

33 ol e plpby (el S CEC 550> 3 £+ cmol/kg-soil

-4 403 CEC | iy a5 Av cmol/kg-soil clale s bl (e
Vil S Sl auars by ol cusms ) s

Dy e (L) Sl S gt s S e W, ks

9
8 1, ¢l = S il LS b s e 8
7+ T T T T T \% < ol I ¥ " ol T
0 5 10 13 20 25 3 e 53V e 3 eVl ey e oY
Cement Percentage - LT . ) . Dl .
Fig. 8c. Variation of pH value (cycle 7) e e 518 oAV gl ol by 5 sl LIS

S8y et G 3l redle 55d e PH LalS o s
Y J&m) QL»:-« M):wﬂpH Qlj__w;u" .;—/\JSJ: i_‘ OJ_}{ J‘fujji—;) L;L;jbv i“ mr i“ )‘ Sl

——— Bent+10 cmol Pb- cyclel2
- - A- - Bent+40 cmol Pb- cyclel2

el Oldisy 5 g3 Al 3V

14
13
I12 -4 -wé}béuﬁﬁjéQwJ&)ﬁé\j‘@pHQ‘MJ‘:)AJAJQ
11 === )
°—10 ---- Oldisy 5 a3 VY 5V O o sla S 53 e s e VT il sla
Bent ——— Bent+10 cmol Pb
T T - - 4-- Bent+40 cmol Pb — - - Bent+80 cmol Pb
0 20 25

Cenl1%nt Perce%?age
Fig. 8d. Variation of pH value (cycle 12)

Fig. 8. Variation of pH value vs cement percentage in the
samples containing different Pb heavy metal concentration (0,
10, 40 and 80 cmol/kg-soil Pb(NO3),) for different freezing and
thawing cycles (0, 3, 7 and 12).

(. 3 — 0 5 10 15 20 25
S Axd ¢ Cement Percentage

oS i 5 Sl 53 Rl A B (g5 SRl

35 e Gloss A B0 (gopd a5

Fig. 8a. Variation of pH value (cycle 0)

84



OLan 5 (69 st anbls

“er abend bl ml s oSou bl mls Y
Ll KaK b Jad BB Sl

References

[1]. Williams, AAB, Pidgeon, JT and Day, P. 1985.
Problem Soils in South Africa— State-of-the-Art:
Expansive Soils. The Civil Engineer in South Africa, pp
367-377.

[2]. Sasanian, s., 2011. The Behaviour of Cement
Stabilized Clay At High Water Contents. PhD Thesis,
University of Western Ontario, 287p.

[3]. Schwartz, K. 1985. Problem Soils in South
Africa — State-of-the-Art: Collapsible Soils. The Civil
Engineer in South Africa. July, pp. 379-393.

[4]. Ahmed, A., 2015. Compressive strength and
microstructure of soft clay soil stabilized with recycled
bassanite. Appl. Clay Sci, 104, 27-35.

[5]. Rao, M. R,, Rao, A. S., and Babu, R. D., 2008.
Efficacy of cement-stabilized fly Ash cushion in
arresting heave of expansive soils. Geotech Geol Eng.,
26,189-197.

[6]. USEPA, 2004. Treatment Technologies for Site
Cleanup: Annual Status Report (11th E.). EPA542-R-
03-009. www.epa.gov.

[7]. Gismera, M.J., and Sevilla, M.T., 2012. Clayey
materials as geologic barrier in urban landfills. Applied
Clay Science, pp 23-29.

[8]. Howel, J. L., Shackelford, C. D., 1997. Hydraulic
conductivity of sand admixture processed clay mixture.
In: Proceedings of 14th international conference on
soil mechanics and foundation engineering, Humburg,
1, 307-310.

[9]. Dixon, D. A,, Gray, M. N., and Thomas, A. W.,
1985. A study of the compaction properties of potential
clay-sand buffer mixture for use in nuclear fuel waste
disposal. Eng Geol., 21, 247-255.

[10]. Chapuis, R. P., 1990. Soil — bentonite liners:
predicting permeability from laboratory tests.
Canadian Geotechnical Journal, 27, 47-57.

[11]. Sofili¢, T. et.al. 2012. The Significance of Iron
and Steel Slang as by-product for Utilization in Road

&&lp-0

Construction.  12th  International ~ Foundrymen
Conference, Opatija, Croatia.

[12]. Yarlagadda, P.S., Matsumoto, M.R., Van
Benschoten, J.E., and Kathuria, A., 1995.

Characteristics of heavy metal in contaminated soils.

Journal of Geotechnical and Geoenvironmental
Engineering, 121, 276-286.

[13]. shi, C., and Jimenez, A.F., 2006.
Stabilization/solidification of hazardous and

radioactive wastes with alkali-activated cements.
Journal of Hazardous Materials, 137, pp. 1656-1663.
[14]. Batchelor, B., 2006. Overview of waste
stabilization with cement. Journal of Waste
Management. 26, 689-698.

[15]. Pereira, C.F., Luna, Y., Querol, X., Antenucci,
D., and Vale, J. 20009. Waste

89

e TS Vi w5 Mo Dy 5 53 36
oS 5 el s el ek ped 53 6y S 0
5 oV (ladalr 53 o 233k Jpam o JIs o

Sl etV 5 S b Oleww L850 5 &I 50
oS 5B eV clle i E IS o Y
Lol el osline Ol 5 g3 il s [ 53
i Rl s 8 Jeily Al e SIS S
Gl bl @) S in A5 R 5 s
cmol/kg- A+ bl 53 Oleew o3 0 5 0 Lol o
I s O TR T1 Y] UG P W o] |

el sl S ‘5’;&}&» A_”JL:«&W—

5 osd e sla w53 sl VT 5 Olegw 3 Shee Y
22 Ologwr (VWU Leilty 5 o guatin pmhane dlanl Ol
Clloe (V55 LS 5 S 5 etV ST 5 ol
By )

el 53 Oy 5 b ppee S 53 PH e il 581 8
Ao S Cad VY 5V e IS 5o pH S 5 5l s
Otz 5 3 Il K ¥ 3 Sl ke 5 S Sl
sl VS 0352 Sl 5

sVl Lage 5 oS slachle 53 OY 5V IS s 0
Loy S s 0,518 (cmol/kg-soil £+ 5 Ve glaclile)
5> eV gy e cplply 5 els il s Sy
el i L S pH e 5 0350 a5 JB 4 g
S fesly 2als b (Ar cmol/kg-soil) YL cLle s Ll
Sl e 53 0l VT ey Ol Sl 31 5 e NT ol
Sl Olews b o a3k O w5 4 5 S pH S

el Bl

oY U U REE S YA TP PYPE A
5 OFIL G S 5 5 gl sl Shs
Chle ShIB s b etV (ilealr) 038 Jlab 2
R O . e |
el by (sl @50 4y 05,00 58 g3l Bl 5

25,8 5 TN Ol e |y Olares g


http://www.epa.gov/

\Yavdl /7 Y e_)u/r.h.k?wi)jé

[26]. Yong, R.N., 2000. Geo-environmental
engineering, contaminated soils, pollutant fate and
mitigation. CRC Press, p.307.

[27]. Yong, R. N. and Phadangchewit, Y., 1993. pH
Influence on selectivity and retention of heavy metals
in some clay soils. Can. Geotech. J., 30, 821-833.

[28]. Yong, R. N. and Warkentin, B. P. and
Phadangchewit, Y. and Galvez, R., 1990. Buffer
capacity and lead retention in some clay minerals.
Water, Air, Soil, Pollution, J., 53, 53-67.

[29]. Ouhadi, V.R.,, and Amiri, M., 2011. Geo-
environmental Behaviour of Nanoclays in Interaction
with Heavy Metals Contaminant. Amirkabir J, Civil,
42(3), 29-36.

[30]. Yong, R. N. and Warkentin, B. P. and
Phadangchewit, Y. and Galvez, R., 1990. Buffer
capacity and lead retention in some clay minerals.
Water, Air, Soil, Pollution, J., 53, pp. 53-67.

[31]. Lumsdon, D.G., Evans, L.J., Bolton, K.A., 1995.
The influence of pH and chloride on the retention of
cadmium, lead, mercury and zinc by soils. Journal of
Soil Contamination, 4, pp. 137-150.

[32]. Yong, R. N. and Phadangchewit, Y., 1993. pH
Influence on selectivity and retention of heavy metals
in some clay soils. Can. Geotech. J., 30, pp. 821-833.

[33]. Taylor GS and Luthin JN, 1978. A model for
coupled heat and moisture transfer during soil freezing.
Canadian Geotechnical Journal, 15, 548-555.

[34]. Andersland OB and Anderson DM, 1978.
Geotechnical Engineering for Cold Region. Mc Graw-
Hill, New York.

[35]. Williams PJ and Perfect E, 1980. Investigation
of thermally actuated water migration in frozen soils.
Geotechnical Science Laboratories, Department of
Geography, Carleton University, Ottawa, Canada.

86

oote Ol jes wdige g — ode doe

stabilization/solidification of an electric arc furnace
dust using fly ash-based. geopolymers Fuel, 88, 1185-
1193.

[16]. Glasser, F.P., 1993. Chemistry of cement-
solidified waste forms, Chemistry and microstructure
of solidified waste forms. Spence, R.D. (Ed.), Lewis
Publishers, p. 315.

[17]. Klich, 1., Wilding, L.P., Drees, L.R., and Landa,
E.R., 1999. Importance of microscopy in durability
studies of solidified and stabilized contaminated soils.
Soil Sci. Soc. Am. J., 63, 1274-1283.

[18]. Andersland O.B., Ladanyi B., 1994. An
Introduction to Frozen Ground Engineering. Chapman
& Hall, N.Y., pp. 352.

[19]. Viklander P., 1998. Laboratory study of stone
heave in till exposed to freezing and thawing. Cold
Regions, Science and Technology, 27, 141-152.

[20]. Eigenbrod K.D., Knutsson S., Sheng D., 1996.
Pore water pressures in freezing and thawing fine-
rained soils. Journal of Cold Regions Engineering, 10,
76-92.

[21]. Cruzda K.A., Hohmann M., 1997. Freezing effect
on strength of clayey soils. Applied Clay Science, 12,
165-187.

[22]. Marion, G.M., 1995. Freeze-thaw processes and
soil chemistry. Cold regions research & engineering
laboratory, America.

[23]. Arabi, M., 1987. Frost resistance of lime
stabilized clay soil. Ph.D, Thesis, University of South
Glamorgan, Wales , UK.

[24]. Wang, D., Ma, W., Niu, Y., Chang, X., Wen, Z.,
2007. Effect of cyclic freezing and thawing on
mechanical properties of Qinghai-Tibet clay. Cold
Regions Science and Technology, 48, 34-43.

[25]. Ouhadi, V.R., Yong, R.N., Amiri, M., Ouhadi,
M.H., 2014. Pozzolanic consolidation of stabilized soft
clays. Applied Clay Science, 95, 111-118.


http://www.sciencedirect.com/science/article/pii/S0169131714000982
http://www.sciencedirect.com/science/article/pii/S0169131714000982

Modares Civil Engineering Journal (M.C.E.J) Vol.18, No.2, Jun 2018

Impact of cyclic freezing and thawing on the pozzolanic
consolidation of heavy metal contaminated soils

Fatemeh Khosravi (F. Khosra\iil), Salaheddin Hamidi (S. Hamidi?), Seyed Mehdi Hosseini (S.
M. Hosseini®"), Seyed Morteza Marandi (S. M. Marandi®)

1- M.Sc. of Civil Engineering, Faculty of Engineering, Shahrood University of Technology

2- PhD Candidate of Civil Engineering, Faculty of Engineering, Shahid Bahonar University of Kerman
3- Assistant Prof. in civil Engineering, Faculty of Engineering, Shahrood University of Technology

4- Professor of Civil Engineering, Faculty of Engineering, Shahid Bahonar University of Kerman

* s.m.hosseini@shahrood.ut.ac.ir

Abstract:

Heavy metals are elements that exhibit metallic properties such as ductility, malleability, conductivity, cation stability,
and ligand specificity. They are characterized by relatively high density and high relative atomic weight with an atomic
number greater than 20. Clay and other soils may become contaminated by the accumulation of heavy metals and
metalloids through emissions from the rapidly expanding industrial areas, mine tailings, disposal of high metal wastes,
leaded gasoline and paints, land application of fertilizers, animal manures, sewage sludge, pesticides, wastewater
irrigation, coal combustion residues, spillage of petrochemicals, and atmospheric deposition. Heavy metal contaminants
in addition to geotechnical problems creation and change in the soil strength parameters especially in clay soils, can
cause environmental and human health risks due to penetrate through the groundwater. Most commonly heavy metal
found at contaminated sites are lead (Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu), mercury
(Hg), and nickel (Ni). Also, freezing and thawing cycles have a significant effects on the behavior of stabilized clay
soils specially on the heavy metal contaminated clay soils stabilized by cement od other additives. So, by population
increasing, advancement of technology and consequently increase in heavy metals emissions, as well as being a quarter
of the earth surface in the cold regions and the necessity of building design and construction on these soils, it seems
necessary to study the impact of the freezing and thawing cycles on the stabilized clay soils. Different additives such as
cement, lime, gypsum, fly ash and other additives were used for stabilization and solidification of heavy metal and oily
contaminated soils, the cement is more practical among the stabilizer additives, because of its compatibility with
pollutants and high efficiency, low cost and easy access. In this research used cement for stabilization of the lead heavy
metal contaminated soil exposed to freezing and thawing cycles. According to the importance of the soil settlement in
the clay soils, one dimensional consolidation test was conducted on the experimental samples. Also, due to extensive
use of bentonite clay soil in contaminated sites, bentonite clay sample was used for experimental studies. The results of
this research indicate that in most cases the critical cycle is a cycle 7. Also, The soil strength parameters such as over-
consolidation stress increased about 2 to 8 times in different conditions by cement stabilization. Also, stabilization of
heavy metal contaminated by cement clay soils that exposed to freezing and thawing cycles reduce the C, and C;
coefficients of bentonite clay samples about 50 to 80 percent depending on number of freezing and thawing cycles and
heavy metal concentration in bentonite clay sample and also causing preconsolidation in soft clay soils or normally
consolidated soils throug the pozzolanic reactions of soil and cement at a low time. Furthermore, the optimum content
of cement in contaminated and uncontaminated samples in different freezing and thawing cycles is variable, but in most
cases is about 5% to 10% depending on number of freezing and thawing cycles and heavy metal concentration in
bentonite clay sample. In continence, stabilization efficacy and the formation of hydrated compounds of cement and
clay soil was investigated by using pH chemical test.

Keywords: Contaminated soil, cement, freezing and thawing cycles, bentonite, consolidation.
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