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Fig. 1. Mixture aggregate gradation
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Fig. 2. Flowing freeze water condition
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Table 2. Weight loss regression parameter

JUb Cwslae Ol uis Y7

plol 5l e 5 U3 apes JUibe Cuslie S i
GSeslul dlasle sl 5 oaacT 0355 e S
@L:;.uwﬁ)&;,:u«;ﬁr\,;;ld,@uo\y@,u
el s w313 LS (V) Jls sl 3 Silesl 5l Lol

31 eslizad oS sls OLES b sed JLisle e glie avslis
e i i ST 0L e pla 3 S Sl
bl sl s sl sl i)l cuslis 1,
Canslie S5l Ao s il 5l el ST 0L o s> Oldis
Sl sl 53 DT 0Lz sl s b gl JLE s
Jlasle cslie il el ,uﬁmwts@w, S


https://en.wikipedia.org/wiki/Calcium_acetate
https://en.wikipedia.org/wiki/Calcium_acetate

\Yq-\JlM/Y e)Lo*:/‘,.AJJLhe)jJ

oot Ol pes wdige odgh — ele de

|>)~@&Q;)~1,:¢5L§,ul‘d.u)>;_<>ds%y‘psM.J

]

JU b Coglie il Jie la el )L (8) J g
Regression B t Parameter
Coefficient

2.873 0.538 3.322 Water Flow

3.285 0.580 3.101 Deicing Salt

5.245 0.927 4.951 Calcium
acetate

Table 4. Marshal strength loss model parameters

S5 4o Y

SOk S0 s SR ol gl ) ol s
f s S yam 3l U sl S 1355 e ol s 4
SAE 0L e ety e 5l dbeslr (g3l maw 1)
Ok e S Sl Col olel a lojim sl sl ol
ST Ok Lol on i = ol alir 5058 0SS
CS o opd oo SAS0L e S iy (il Sl cil
oo el b ol e 5 eslr w55 A8 Jilas
Slbos 5l das 135 350 Ok ol ale bl =
SBT s sl 5 mon o el s B s
5ol Ol sbmyl b Ol a3l Lol 3 Jolse ol
ol and r.:mlS Sl 5 S “S‘JJ.C“ osbe 53 3l eslatsl
a5 B s ol 3 ol slaesls bl s
R CIIN

Sl Rl Lol S Dl a5 S eslana!
Bad e il s Ol gl K o Alind oz S5
oS bl 1 i 5 BB e 4 1355 S 30 Ll
Sl 15560 03le Ol e 0 S Sl 3 ealizal cpl ol .l
25 2 (Mial o (S 0Ly 658 Sl o e
D3 gbdised Sis Sl gl LB 36 O 0L
Db bl 5 0aaol 5 Oasp Gl S 53 ad S
Sl sy Sy 5 S Sl Rl b s gls ey
el lamSle BB et sla 2815 el s w1355
Cuoslie JialS Sl (Sea dsji slge 5 O 0L > 55
Sl a5 g bl OGN bl s e Alend o Ll

18/

Sl glabade BB 36 ousol 5 033 sl S s

DAICT 5 0355 Sl JSow S Ladipes JLisle a5l

.JJ‘K&
O3 Bl s Soaven ol o (F) Jod
Water Calcium Salt
Flow acetate
0.488 0.621 0.207 Marshal
strength
loss

Table 3. Weight loss correlation coefficients

JU,b cwglie Cdl Ja
o Ul ol Ol oS dlaly SO plans sk o
T Ol a5 anly e Olye &, Stoss Al
Olpe 4y pedS Dbl 51 eslinad 5 1555 S 3l ealazul
Gl B s Sl et O S5 Jbe it sla e
5 0 S ow Al Jlsle el
(R? = 0.873) o ol 358 wiiw s damboe OA3C]
sl 5 illas
Sloss=3.285(S)+5.245(A)+2.873(F)+ 23.363
e 0SS Blant s Jli b cuglie 3l O s oS

™

S aiobe el atagl s Glapate 5 Sole atly
oram 5 (F) <1 0l pam (S) I S s
033 ol 53 (San s gl e (A) oS Sl
4 o Jdie Ll o |y G s i i 55 la ite ol g
o3lil bl 55m s pre a4y SO e sy pds e
Sl n dlile cowslie il ds s 015 o dde ool
aalows |y 00 O O35 ke sl o
=3
Gl e b5 5 die ol sl el )b (8) s 3
S s e 0L Bl s anslis ol sl &)l it
JUisle Caaslin oS 5 1 G0 op 2l edS Sl
oas ol 5 a5 S Cou Al slad yel
S 5ol 0L > i 36 4 A asiie cimeen 3l


https://en.wikipedia.org/wiki/Calcium_acetate
https://en.wikipedia.org/wiki/Calcium_acetate
https://en.wikipedia.org/wiki/Calcium_acetate
https://en.wikipedia.org/wiki/Calcium_acetate

OKer 5 Sl b2 Al

[5]- Kim, Y., and Lutif, J. S. (2006). Material Selection
and for Moisture Damage Design Consideration of
Asphalt Pavement. Nebraska Department of Roads
Research Reports, Nebraska, USA.

[6]- Zhou, F., Chen. D., Scullion. T., and Bilyeu. J.
(2003). Case Study: Evaluation of Laboratory Test
Methods to Characterize Permanent Deformation
Properties of Asphalt Mixes. The International Journal
of Pavement Engineering, Vol. 4 (3), pp. 155-164.

[7]- Nguyen, T., Byrd, E., Bentx, D., and Martin, J.
(2005). In Situ Spectroscopic Study of Water at the
Asphalt/Siliceous  Substrate Interface and Its
Implication in Stripping. The Journal of Adhesion, 81,
1-28.

[8]- Pan, C. and White T.D. (1999). Conditions for
Stripping Using Accelerated Testing. Publication
FHWAV/IN/JTRP-97/13. Joint Transportation Research
Program, Indiana Department of Transportation and
Purdue University, West Lafayette, Indiana, 1999.

[9]- Hassan. Y., Abd El Halim. A. G., Razagpur, A., and
Farha, M.H. (2002). Effects of Runway Deicers on
Pavement Materials and Mixes: Comparison with Road
Salt. Journal of Transportation Engineering, (ASCE),
Vol 128, Issue 4, 385-391.

[10]-Mallick, B., Pelland, R., and Hugos, F. (2005). Use
of accelerated loading equipment for determination of
long term moisture susceptibility of hot mix asphalt.
International Journal of Pavement Engineering, Vol. 6,
No. 2, 125-136.

[11]- Yildirim, Y., Smit, F., and Korkmaz, A. (2005).
Development of a Laboratory Test Procedure to
Evaluate Tack Coat Performance. Turkish J. Eng. Env.
Sci. 29, 195 - 205.

[12]- Aschenbtener, T. (1999). Evaluation of the
Hamburg Wheel-Tracking Device to Predict Moisture
Damage in Hot-Mix Asphalt, Transportation Research
Record 1492, Transportation Research Board,
Washington, DC, USA.

[13]- Hanz, A., Ryan, J. (2007). Toward a Simpler,
Quicker Test for Asphalt Moisture Susceptibility,
Wisconsin Highway Research Program, Report No.
0092-05-12, Wisconsin, USA.

[14]- Powers, T.C. and Helmuth, R.A., (1983). Theory
of volume changes in hardened cement paste during
freezing. Proceedings of the Annual Meeting — Highway
Research Board, 32, 285.

[15]- Technical department, Office of regulations and
technical standards, (v--v). General technical

specifications Islamic republic of Iran's Management
and Planning Organization, Tehran, Iran.

188

Coaslis Sl Lol el il (3l (g S e S0
Sl 6 iy 3 135 S bl 3 (5 2
spm bl il Sod Sl S mlaw gla gl 5y S
by Bt n cuslis 6 i o e L6 esle oyl
SheS 05l S5 L slaely ) s5d 0 o5 nl Sl
Sl g e b bl s ps sslinal glsii @l S Sl
(pedS DLl Sl esliiad D5 s JLle Ceslie 2l
oS S35 L e ol s i S Sl sk e 4o 5
o3l Ol ge 4 V:MJS Ol 3l eslinal &y sm 55 3 5d enlina
S osliad U ads b bl (5l i3l 4 5L s
S o My (6 2 Sy ok Dol gla 3
Rosdle ((Sad 0L e ey L ablis gl Sl oy e
O eSOl oz Ao (Sl 3l 5e Sl ealind
olhead u—i")"@ Sldes 3l A \3}@ slge Ol s
ol 5 e SRS 5 p8 5 d e Gl LS
ho $ K g a3 3,8 o Dy ge e ST Ol
I e 0L 31 il ol 5 ausn oS 550
e 5l Slinl S slaaza U5 s Lk

oSl
References &0 A
[1]- Government of Canada, (2012), Canadian

Infrastructure Report Card 2012, Municipal Roads and
Water Systems, Volume 1.

[2]- Alberta Municipal Affairs, Government of Alberta,
"Building envelope survey. In partnership with the City
of Calgary," Accessed online on September 2014 at
http://municipalaffairs.gov.ab.ca/documents/ss/0630_B
uildingEnvelopeReport-Apr08.pdf, 2008.

[3]- Salt Institute, Deicing salt and corrosion,
http://www.saltinstitute.org/th2020s.html.  Accessed
online in September 2014.

[4]- X. Shi, and L. Fay, (2010), Freeze-thaw damage
and chemical change of a portland cement concrete in
the presence of diluted deicers, Journal of Materials and
Structures, Volume 43, Issue 7, 933-946, 2010.


http://www.saltinstitute.org/th2020s.html.%20Accessed%20online%20in%20September%202014
http://www.saltinstitute.org/th2020s.html.%20Accessed%20online%20in%20September%202014
http://www.saltinstitute.org/th2020s.html.%20Accessed%20online%20in%20September%202014
http://digitalcommons.unl.edu/ndor
http://digitalcommons.unl.edu/ndor

Modares Civil Engineering Journal (M.C.E.J) Vol.17,No.2, June 2017

Effects of Water Flow and De-lce Materials on Asphalt Concrete
Deterioration Under Freeze-Thaw Cycles

S. Sharif Tehrani!, S. H. Hosseini Lavasani?, B. Shirgir?

1-Assist. Prof., Kharazmi University
2- Assist. Prof., Kharazmi University
3- Assist. Prof., Kharazmi University

Shirgir@gmail.com
Abstract:

Roads and pavements are among the most important assets in any country and considerable amount of
money is paid for their rehabilitation or maintenance, annually. Pavement surface is the most expensive and
susceptible layer as it is in direct contact with traffic and also it experiences different environmental conditions
during different seasons. Harsh weather condition and winter maintenance is another parameter that can
increase the annual maintenance cost significantly. Winter snow and the resulting ice, can reduce pavement
surface friction and therefore, deicing material such as deicing salt or calcium acetate are used to melt the ice
and snow. Deicing material decrease the frost temperature and melt the remaining ice and snow and the
resulting water flows due to the longitudinal and transverse grade over the pavement surface. The flowing
water goes through longer distances in locations were the drainage system is not adequate.

Although several researchers and scientists have studied the effects of deicing material on asphalt and
concrete pavement deterioration, but what has not been fully studied is the simultaneous effects of deicing
material and water flow on the rate of pavement deterioration under freeze-thaw cycles. Therefore, the focus
of this study is to evaluate the combined effects of flowing water and deicing material on the deterioration of
asphalt pavements under freeze-thaw cycles. Two types of asphalt samples were prepared and subjected to
five different freeze-thaw exposure conditions. Deicing salt and calcium acetate were used as the deicing
material in this study. The samples were also tested in an abrasion test apparatus and subjected to normal and
frictional forces. This abrasion test apparatus was built based on the concepts used in Hamburg Wheel-
Tracking Device. Marshall strength loss and weight loss of the samples were measured and used as a measure
of asphalt deterioration.

Results showed that the combined effects of water flow and deicers increases the deterioration of asphalt
concrete samples under freeze—thaw conditions. Furthermore, deicing salt has more deteriorative effects on
asphalt concrete in comparison to calcium acetate. In addition, results indicated that the water flow has
significant effects on asphalt concrete pavement stripping and strength loss. Water flow slows down the
formation of ice during freezing cycles by not allowing or slowing the formation of ice crystals and their
agglomeration. In still plain water freeze-thaw chamber, a thin ice layer was formed in zero degrees of
centigrade and its depth increased during the freezing cycles, while in the flowing plain water freezing
condition, where the water flow was present, small ice particles started to form in areas in the chamber where
the water flow was in its lowest level. Thereafter, the ice formation gradually expanded to the area with the
highest level of water flow. Besides the mentioned effects of water flow, the presence of water flow decreases
the freezing temperature of water in the asphalt concrete pores and, consequently, the hydrostatic pressure
inside the asphalt concrete increases significantly. Therefore, the asphalt concrete deterioration process
becomes faster and more severe when water flow is present in the freeze-thaw cycles.

Keywords: water flow; de-icing salt; calcium acetate; asphalt concrete pavement; deterioration; freeze—thaw
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