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ABSTRACT

The increasing awareness and usage of traditional supplementary cementitious materials (SCMs) in con-
crete have pressured the construction industry to look for alternatives to overcome the concerns over
their plentiful availability in the future. This research illustrates the performance of recycled aggregate
concrete prepared with the incorporation of available industrial by-products, namely rice husk ash
(RHA), palm oil fuel ash (POFA) and palm oil clinker powder (POCP) as alternatives for traditional
SCMs. The effect of hydrochloric (HCI) acid and magnesium sulfate (MgS0O,) attack was evaluated by mea-
suring the change in mass, compressive strength and microstructural analysis. The results revealed that
the incorporation of RHA, POFA and POCP up to 30% minimizes concrete deterioration and loss in com-
pressive strength when the specimens were exposed to HCl solution. In addition, the scanning electron
microscopy image showed less propagation of micro-cracks caused by expansive ettringite in the case
of MgS0, attack. Further, the X-ray diffraction analysis indicated that RHA is more effective as pozzolanic
additive than POFA and POCP. Overall, the RA-based concrete had significant enhancement in its perfor-
mance against acid and sulfate attacks using alternative SCMs from industrial by-products.
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lower calcium content than 100% OPC-based concrete ( and

). The decomposition of cement matrix attacked by acid is
primarily due to the release of calcium from the hydration prod-
ucts and, only at very low pH values, due to the release of alu-
minium and iron [57]. Bassuoni and Nehdi (2007) [59] revealed
that the C-S-H structure with high Ca0O/SiO, ratio is more vulner-
able to acid attacks, and on the contrary, the decomposition of C-
S-H with low Ca0/SiO, ratio occurs at slower rate. Additionally,
Chatveera and Lertwattanaruk (2011) [22] concluded that the
chemical composition and the Ca0/SiO, ratio in concrete mixture
are important factors for evaluating the effect of acid attacks. Con-
sequently, the C-S-H that produced with low CaO/SiO, ratio is less
susceptible to decompose (release of calcium), since it has a crys-
talline structure with low amounts of calcium. These observations
also support the results of this study, where the superior perfor-
mance was recorded for concretes containing low Ca0/SiO, ratios
(refer to Tal , ).

3.7.3. Effect of chemical composition on sulfate attack

The position of concrete mixture on the CaO-Al,05-SiO, tern-
ary diagram could be useful to determine its sulfate resistance.
For instance, if the concrete mixture falls within the gehlenite
region as shown in , it typically has a low resistance against
sulfate attacks [60]. This could be related to the high C;A content in
this region, where C3A is considered as the reactive compound
responsible for ettringite formation. However, the results of this
study showed that the SCM-based concretes have lower CaO con-
tent than that of RAC, and thus, the resulting content of reactive
C3A will be reduced. Therefore, in this ternary diagram, one would
expect to see a shift of the SCM-based concrete mixtures away
from the gehlenite region. Donatello et al. (2013) [41] revealed that
the CaO content of pastes incorporating high volume fly ash is
much lower as a direct consequence of the lower OPC content
and higher fly ash content. They stated that the substantially
higher C3A content in the OPC paste made it more susceptible to
sulfate attacks.

4. Conclusions

This investigation mainly focused to observe the effect of SCMs
incorporation on recycled concrete composite under acid and sul-
fate attacks from the aspects of microstructure and durability char-
acteristics. Based on the experimental program conducted, the
following conclusions can be drawn:

1. The obtained strength and durability of concrete made of 100%
RA were lower than that containing crushed granite aggregate.
However, RAC still possessed sufficient compressive strength of
35.8 MPa or about 79% of the same concrete containing crushed
granite aggregate.

2. The utilization of RHA, POFA and POCP to replace cement at
levels of up to 30% is feasible, since the designed strength of
30 MPa was achieved after 90 days of water curing.

3. The capillary water absorption (sorptivity) of RA-based concrete
was decreased significantly after long curing period of 90 days
using RHA, POFA and POCP at replacement levels of up to
30%, 20% and 10%, respectively. The effect of the aforemen-
tioned SCMs on the sorptivity was via the formation of addi-
tional C-S-H gel, which has the potential of blocking existing
micro-voids and refining pore structure.

4. After exposure to HCl acid solution, the RA-based concrete
containing RHA, POFA and POCP showed superior perfor-
mance against deterioration, mass loss and strength loss
due to low amount of Ca(OH),, which is very weak in resist-
ing acid attack.

5. The SEM images showed that the incorporation of RHA, POFA
and POCP was able to minimize the deterioration of RA-based
concrete exposed to MgSO, solution due to the formation of
dense microstructure that inhibits the ingress of sulfate ions
and reduces the formation of expansive ettringite, which in turn
leads to less propagation of micro-cracks.

6. The XRD results showed that incorporation of SiO,-rich SCMs
decreased the amount of portlandite and formed more C-S-H.
Moreover, the XRD analysis indicated that RHA is more effective
as pozzolanic additive than POFA and POCP, where RHA-based
samples showed the lowest trace of portlandite.

7. The proportion of chemical compositions in concrete mixture is
a significant factor affecting the performance of concrete
attacked by aggressive chemicals. SCM-based concrete with
SiO,-rich content is characterized by lower calcium content
than 100% OPC-based concrete. Thus, the hydration products
are less susceptible to decompose (release of calcium) when
exposed to acid. In addition, the content of reactive C3A will
be reduced, where the latter is considered as reactive com-
pound responsible for the formation of ettringite.

Acknowledgement

The authors are grateful to University of Malaya for the financial
support through the University of Malaya Research Project-
RP037A-15AET “Enhancement of Concrete Properties Made from
Local Waste Materials Using Nano Particles”.

References

(1]
[2]

(3]
(4]
[5]
(6]
[7]

(8]
[9]

[10]
(11]
[12]
[13]
[14]

[15]


http://refhub.elsevier.com/S0950-0618(17)32511-4/h0005
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0005
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0010
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0010
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0010
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0015
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0015
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0015
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0020
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0020
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0020
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0020
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0025
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0025
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0030
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0030
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0030
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0035
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0035
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0035
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0040
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0040
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0045
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0045
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0045
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0050
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0050
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0050
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0055
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0055
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0055
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0060
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0060
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0060
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0065
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0065
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0065
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0070
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0070
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0070
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0075
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0075
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0075

M.F. Alnahhal et al. / Construction and Building Materials 163 (2018) 482-495 495

[16] UJ. Alengaram, H. Mahmud, M.Z. Jumaat, Enhancement and prediction of
modulus of elasticity of palm kernel shell concrete, Mater. Des. 32 (4) (2011)
2143-2148.

[17] UJ. Alengaram, N.H. Mohottige, C. Wu, M.Z. Jumaat, Y.S. Poh, Z. Wang,
Response of oil palm shell concrete slabs subjected to quasi-static and blast
loads, Constr. Build. Mater. 116 (2016) 391-402.

[18] M.C. Juenger, R. Siddique, Recent advances in understanding the role of
supplementary cementitious materials in concrete, Cem. Concr. Res. 78 (2015)
71-80.

[19] B. Alsubari, P. Shafigh, Z. Ibrahim, M.F. Alnahhal, M.Z. Jumaat, Properties of
eco-friendly self-compacting concrete containing modified treated palm oil
fuel ash, Constr. Build. Mater. 158 (2018) 742-754.

[20] N.Van Tuan, G. Ye, K. Van Breugel, O. Copuroglu, Hydration and microstructure
of ultra high performance concrete incorporating rice husk ash, Cem. Concr.
Res. 41 (11) (2011) 1104-1111.

[21] A.P. Gursel, H. Maryman, C. Ostertag, A life-cycle approach to environmental,
mechanical, and durability properties of “green” concrete mixes with rice husk
ash, J. Cleaner Prod. 112 (2016) 823-836.

[22] B. Chatveera, P. Lertwattanaruk, Durability of conventional concretes
containing black rice husk ash, J. Environ. Manage. 92 (1) (2011) 59-66.

[23] M.Z. Al-mulali, H. Awang, H.A. Khalil, Z.S. Aljoumaily, The incorporation of oil
palm ash in concrete as a means of recycling: a review, Cem. Concr. Compos.
55 (2015) 129-138.

[24] M.R. Karim, H. Hashim, H.A. Razak, Assessment of pozzolanic activity of palm
oil clinker powder, Constr. Build. Mater. 127 (2016) 335-343.

[25] V. Corinaldesi, G. Moriconi, Influence of mineral additions on the performance
of 100% recycled aggregate concrete, Constr. Build. Mater. 23 (8) (2009) 2869-
2876.

[26] S.C. Kou, C.S. Poon, Long-term mechanical and durability properties of recycled
aggregate concrete prepared with the incorporation of fly ash, Cem. Concr.
Compos. 37 (2013) 12-19.

[27] W. Tangchirapat, S. Khamklai, C. Jaturapitakkul, Use of ground palm oil fuel
ash to improve strength, sulfate resistance, and water permeability of concrete
containing high amount of recycled concrete aggregates, Mater. Des. 41 (2012)
150-157.

[28] ASTM C618—12a, Standard Specification for Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use in Concrete, ASTM International, West
Conshohocken, PA, 2012.

[29] Department of the Environment Design of normal concrete mixes 1997
Building Research Establishment Watford, U.K.

[30] ASTM C192/C192M-15, Standard Practice for Making and Curing Concrete
Test Specimens in the Laboratory, ASTM International, West Conshohocken,
PA, 2015.

[31] C. Hall, Water sorptivity of mortars and concretes: a review, Mag. Concr. Res.
41 (147) (1989) 51-61.

[32] ASTM C267 - 01, Standard Test Methods for Chemical Resistance of Mortars,
Grouts, and Monolithic Surfacings and Polymer Concretes, ASTM International,
West Conshohocken, PA, 2001.

[33] B. Alsubari, P. Shafigh, M.Z. Jumaat, Utilization of high-volume treated palm oil
fuel ash to produce sustainable self-compacting concrete, ]. Cleaner Prod. 137
(2016) 982-996.

[34] ASTM C1012/C1012M-13, Standard Test Method for Length Change of
Hydraulic-Cement Mortars Exposed to a Sulfate Solution, ASTM International,
West Conshohocken, PA, 2013.

[35] W. Tangchirapat, C. Jaturapitakkul, Strength, drying shrinkage, and water
permeability of concrete incorporating ground palm oil fuel ash, Cem. Concr.
Compos. 32 (10) (2010) 767-774.

[36] R. Ahmmad, UJ. Alengaram, M.Z. Jumaat, N.R. Sulong, M.O. Yusuf, M.A.
Rehman, Feasibility study on the use of high volume palm oil clinker waste in
environmental friendly lightweight concrete, Constr. Build. Mater. 135 (2017)
94-103.

[37] M. Safiuddin, UJ. Alengaram, M.M. Rahman, M.A. Salam, M.Z. Jumaat, Use of
recycled concrete aggregate in concrete: a review, J. Civ. Eng. Manage. 19 (6)
(2013) 796-810.

View publication stats

[38] H. Mohammadhosseini, J.M. Yatim, A.RM. Sam, A.A. Awal, Durability
performance of green concrete composites containing waste carpet fibers
and palm oil fuel ash, ]. Cleaner Prod. (2016).

[39] M.M.U. Islam, K.H. Mo, U]. Alengaram, M.Z. Jumaat, Durability properties of
sustainable concrete containing high volume palm oil waste materials, J.
Cleaner Prod. 137 (2016) 167-177.

[40] E. Pacheco-Torgal, J. Castro-Gomes, S. Jalali, Alkali-activated binders: a review:
Part 1 Historical background, terminology, reaction mechanisms and
hydration products, Constr. Build. Mater. 22 (7) (2008) 1305-1314.

[41] S. Donatello, A. Palomo, A. Fernandez-Jiménez, Durability of very high volume
fly ash cement pastes and mortars in aggressive solutions, Cem. Concr.
Compos. 38 (2013) 12-20.

[42] RE. Beddoe, HW. Dorner, Modelling acid attack on concrete: Part I. The
essential mechanisms, Cem. Concr. Res. 35 (12) (2005) 2333-2339.

[43] R.E. Beddoe, Modelling acid attack on concrete: Part Il. A computer model,
Cem. Concr. Res. 88 (2016) 20-35.

[44] B. Lothenbach, K. Scrivener, R. Hooton, Supplementary cementitious materials,
Cem. Concr. Res. 41 (12) (2011) 1244-1256.

[45] N. Ranjbar, A. Behnia, B. Alsubari, P.M. Birgani, M.Z. Jumaat, Durability and
mechanical properties of self-compacting concrete incorporating palm oil fuel
ash, J. Cleaner Prod. 112 (2016) 723-730.

[46] V. Kannan, K. Ganesan, Chloride and chemical resistance of self compacting
concrete containing rice husk ash and metakaolin, Constr. Build. Mater. 51
(2014) 225-234.

[47] B. Chatveera, P. Lertwattanaruk, Evaluation of nitric and acetic acid resistance
of cement mortars containing high-volume black rice husk ash, J. Environ.
Manage. 133 (2014) 365-373.

[48] M. Alexander, A. Bertron, N. De Belie, Performance of Cement-based Materials
in Aggressive Aqueous Environments, Springer, 2013. 56.

[49] M. Heikal, M. Radwan, O. Al-Duaij, Physico-mechanical characteristics and
durability of calcium aluminate blended cement subject to different aggressive
media, Constr. Build. Mater. 78 (2015) 379-385.

[50] X. Li, Y. Zhang, X. Shen, Q. Wang, Z. Pan, Kinetics of calcium sulfoaluminate
formation from tricalcium aluminate, calcium sulfate and calcium oxide, Cem.
Concr. Res. 55 (2014) 79-87.

[51] W. Miillauer, R.E. Beddoe, D. Heinz, Sulfate attack expansion mechanisms,
Cem. Concr. Res. 52 (2013) 208-215.

[52] ]. Bizzozero, C. Gosselin, K.L. Scrivener, Expansion mechanisms in calcium
aluminate and sulfoaluminate systems with calcium sulfate, Cem. Concr. Res.
56 (2014) 190-202.

[53] B.W. Jo, M.A. Sikandar, S. Chakraborty, Z. Baloch, Investigation of the acid and
sulfate resistance performances of hydrogen-rich water based mortars, Constr.
Build. Mater. 137 (2017) 1-11.

[54] M. Limbachiya, M.S. Meddah, Y. Ouchagour, Use of recycled concrete aggregate
in fly-ash concrete, Constr. Build. Mater. 27 (1) (2012) 439-449.

[55] P. Chindaprasirt, P. Kanchanda, A. Sathonsaowaphak, H. Cao, Sulfate resistance
of blended cements containing fly ash and rice husk ash, Constr. Build. Mater.
21 (6) (2007) 1356-1361.

[56] W. Tangchirapat, C. Jaturapitakkul, P. Chindaprasirt, Use of palm oil fuel ash as
a supplementary cementitious material for producing high-strength concrete,
Constr. Build. Mater. 23 (7) (2009) 2641-2646.

[57] T. Gutberlet, H. Hilbig, R. Beddoe, Acid attack on hydrated cement—effect of
mineral acids on the degradation process, Cem. Concr. Res. 74 (2015) 35-43.

[58] A. Islam, U]J. Alengaram, M.Z. Jumaat, LI. Bashar, The development of
compressive strength of ground granulated blast furnace slag-palm oil fuel
ash-fly ash based geopolymer mortar, Mater. Des. 56 (2014) 833-841.

[59] M. Bassuoni, M. Nehdi, Resistance of self-consolidating concrete to sulfuric
acid attack with consecutive pH reduction, Cem. Concr. Res. 37 (7) (2007)
1070-1084.

[60] K.A. Kruse, Characterization of high-calcium fly ash for evaluating the sulfate
resistance of concrete, MSc thesis, The University of Texas at Austin, 2012,
p. 23.


http://refhub.elsevier.com/S0950-0618(17)32511-4/h0080
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0080
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0080
http://refhub.elsevier.com/S0950-0618(17)32511-4/h9000
http://refhub.elsevier.com/S0950-0618(17)32511-4/h9000
http://refhub.elsevier.com/S0950-0618(17)32511-4/h9000
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0085
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0085
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0085
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0090
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0090
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0090
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0095
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0095
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0095
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0100
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0100
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0100
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0100
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0105
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0105
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0110
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0110
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0110
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0115
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0115
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0120
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0120
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0120
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0125
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0125
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0125
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0130
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0130
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0130
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0130
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0135
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0135
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0135
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0135
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0135
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0145
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0145
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0145
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0145
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0145
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0150
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0150
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0155
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0155
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0155
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0155
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0160
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0160
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0160
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0165
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0165
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0165
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0165
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0165
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0170
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0170
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0170
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0175
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0175
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0175
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0175
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0180
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0180
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0180
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0185
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0185
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0185
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0190
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0190
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0190
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0195
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0195
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0195
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0200
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0200
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0200
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0205
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0205
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0210
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0210
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0215
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0215
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0220
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0220
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0220
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0225
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0225
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0225
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0230
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0230
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0230
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0235
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0235
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0235
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0240
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0240
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0240
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0245
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0245
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0245
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0250
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0250
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0255
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0255
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0255
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0260
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0260
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0260
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0265
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0265
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0270
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0270
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0270
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0275
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0275
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0275
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0280
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0280
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0285
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0285
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0285
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0290
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0290
http://refhub.elsevier.com/S0950-0618(17)32511-4/h0290
https://www.researchgate.net/publication/322300323

