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Abstract

In cold-climate regions, deicing agents is used for smooth traffic on the road due to freezing and snowdrift in winter. The use
of de-icing salts has resulted in the accelerated scaling damage of concrete with salt damage under freezing and thawing condition.
Scaling is the deterioration of concrete where in the paste-mortar structure delaminates in flakes from the surface of the concrete.
Due to such damage, concrete pavement causes various problems such as early deterioration according to the decrease in the
thickness of cover concrete and user's stability issues. Accordingly, various tests and evaluation methods have been suggested in
order to evaluate these phenomena in other countries. However, there have been no regulations for the evaluation method in South
Korea, and related studies are also very rare. Therefore, in this study, the evaluation methods proposed by each institution and
country were investigated and the experiments were performed according to each regulation, followed by the comparison and
analysis of the results. Furthermore, this study aims to suggest the optimized experimental method adopted to domestic field

through the discussion of such experimental methods and results.
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Fig. 1 Combined Deterioration Model by Freezing & Thawing
Action and Chloride Penetration
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Table 1 Properties and Chemical Composition of Cement

Chemical composition (%) Average
ificati articl Densit;
Classification particle en513y
size (g/em”)

SiOZ Ales F6203 CaO Nazo KZO (um)

OPC 20.1 | 4.64 | 3.76 | 64.2 |0.107| 1.04 | 24.63 3.13

Table 2 Properties and Chemical Composition of Fly ash

Chemical composition (%) Average
e particle | Density
Classificat; .
assification size (gferd)

SiOz Aleg F6203 CaO NagO Kzo (/l Ill)

Fly ash | 585|225 | 730 | 437 |0.436| 1.71 | 53.99 2.18
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Table 3 Physical properties of aggregate

e . Guax | Specific | Absorption I’ercentz%ge Solid
Classification (mom) Favit @) of abrasion | volume
gravity ’ %) @
Coarse aggregate| 25 2.69 0.30 24.1 60.8
Fine aggregate - 2.61 1.11 - 63.7
Table 4 Mix Proportion of Concrete Pavement
Soeci Fu | WB Unit weight (kg/m®) Slump | Air
cimen
PECITENS| (\pa) | (%) W c | FA S G | (mm | (%)
50 284 0 757 | 1122
orC 45 | 142 | 316 0 728 | 1124
40 355 0 697 | 1124
4.5 20~50 | 6*1
50 237 | 59 | 736 | 1095
FA 45 | 148 | 263 | 66 | 707 | 1095
40 296 | 74 | 676 | 1087
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Table 5 Comparison of Various Standard Test Method for Scaling Resistance of Concrete Surfaces

Standards
Classification

ASTM C672

MTO LS—-412

BNQ 2621-900

RILEM TC 117-FDC/CDF

Saline Solution

4%, CaCly

3%, NaCl

3%, NaCl

3%, NaCl

- Prisms measuring
280%230%75mm (0.045m’)

- Prisms measuring
300%300%75mm (0.09m?)

- Prisms measuring
250%200%50mm (0.05m?)

- Min. surface area 0.08m”

Specimen - Min. surface area 0.09m’ - Min. surface area 0.09m’ - Min. surface area 0.05m’ -Min. 5 specimens required
- Min. 2 specimens required - Min. 2 specimens required - Min. 2 specimens required
After the concrete has stopped|After the concrete has stopped (.)n.ly . scrt?edlng requu’e.d, .no final Specimens shall be finished to
L R . . . R . finishing, instead geotextile is placed
Finishing bleeding and then with a medium— |bleeding and then with a medium— . . |represent the actual surface of the
. ) at bottom of specimen when casting . .
stiff brush stiff brush . . structure in service
to provide drainage
- 14days at 100%RH - 7days at 100%RH
Curing of - 14days at 100%RH - 14days at 100%RH - 14days at 50=5%RH - 21days at 65+5%RH
Specimens - 14days at 50£5%RH - l4days at 50E5%RH - 7days of presaturation with - Tdays of presaturation with

saline solution

saline solution

Freeze—Thaw
cycles

- 50cycles of 24h

- Freezing at —18+£3C for
16-18h

- Thawing at 23C for 6—8h

- 50cycles of 24h

- Freezing at —18+3C for
16—-18h

- Thawing at 23T for 6—8h

- b6eycles of 24h

- Freezing for 16=1h of which a
maximum of 12h and a minimum
7h at —18C

- Thawing at 23T for 8*1h

- 28cycles of 12h

- Freezing for —20C from 20T in
4h and held there for 3h. Then
thawed back to 20C in 4h and
kept there for 1h

Evaluation of
surface quality

- After 5, 10, 15, 25 and
50cycles
- Visual assessment of surface

- After 5, 10, 15, 25 and
50cycles

- Mass measure of cumulative
scaled off material in kg/m’
- Visual assessment of surface not
mandatory

- After 7, 21, 35, and 56¢cycles
- Mass measure of cumulative
scaled off material in kg/m’

- Visual assessment of surface
based on 7 categories

- After every 4, 6 or l4cycles

- Mass measure of cumulative
scaled off material in kg/m’

- Visual assessment subjective

No acceptance criterion specified.

o After 50cycles the cumulative|After 56cycles the cumulative
Acceptance |Some organizations specfy mass . . L. »
criteria measurement and 0.8kg/m as limit mass of scaled off material must|{mass of scalfsd off material must|No acceptance criterion specified
‘ be < 0.8kg/m’ be < 0.5kg/m’
of mass lost
F o 3 Air layer as thermal insulation
Mortar Dyke 6mm of salt solution on 25mm o

/ specimen during freeze

Specimen

40mm

Next container. |

—

Test Surface

Specimen

‘Coolant —_—

Reference point

«—— Wooden Blocks —

(a) ASTM C 672 and MTO LS—412 (b) RILEM TC 117—FDC/CDF

Fig. 3 Arrangement of the Scaling Resistance Test Set—up

A7, Wy BAGNANY ANIM ARA] B (g) 4. AS Z3}

W, & nel 2ol A8 7 (g), At FAE A

Aol Ae] A ole] B EEA (emdolth 41 GEZ= A 2

74 Aol Zvict gols waslsic) wak gzlz:z NEEE B oo ARlE maEe xge] Bedel B4 o

579 9 AURRE S g A e s T o 21z Aol 419 28

el TS Ssiel 4R x5 T 8 AR A ;1@701 i =439t} 7+ M2 5709 ;A]iﬂé ;]X‘

=20 X Alskod = o E B

S AR el S 19l 290 e Bl Aok =59
Sick av% ThS Fig. 49} 2ok A 28eflA 917
o] A9 OPCSF ZafolofA] 20%S 48t ZA-|EL] 7

34 s =PxSHIURK|AE|RstE| =27 A19H M3E(2015. 5)



40.0
35.0
30.0

ength(MPa)
s
=

Str
(¥ )
S &
=

1

15.0
10.0 -

bl
(=]
1

Compressive

=
=

40 45 S0
Water to Binder ratio

Fig. 4 Compressive Strength Variation of Cylindrical Specimen
according to the W/B ratio

< YERSoH, =11y 1] 45%¢])
], OPC7} ¢k 2.5MPa HE9] &

f
3
o o

42.1 F7pled AE 43
ARE ZI2E el thgt AAIUE IS
o) wat 9 B
R T ZAYE AHS ¥
Aol gk T ass *&go}oﬂt} ole] w}t 7t o] 7]
FelA AR Q= Sl web ARE AAEL.
o, 1 Av= Fig. 5~8¢ YRSl 2 A3}, RILEM 7]
T AlQs AIE 7)E2 7F W Aol fARHAl YEksE
om, ASTM7IES] 75 EfolollAlE £403h =-nRlrH]
50%& Alglstal B W7k s wskalnk oo Kt
MTOS$} BNQ7 | Eefolofr s EY3h A¢ e &t
AequlellA] el FA3ket Avw S o= &
o]oH}\ :TLEL,;]Eoﬂ E?:]EL 7:]0 21—7]7( o] 7{% %Eﬂ_oﬂ/ﬂ
‘6]— 7—1 o7 O]‘EqXﬂ o]o] o]oﬂ Lq_g]_ o
F8 (RH50+5%) 2] FA7Iimte s ALY A
oA EFefolellale] s ATl tha ofd
= Zloz gt w3 ASTMY MTO7 ]S Blwshd
MTOTHECE 7] Tha 5 AAYERS HERSLe.
m, ol AL E44F NaCly} CaClLol WA A
nE s 85 540 W Z0R AlEETh NaCl
S AR A B crolRe) g8 tha we d3EAS

r_lr‘
I
K

1600.0

— —OPC40 - - OPC45 - - -0OPC50
1400.0
----- FA40 e FALS ——FAS0
1200.0
E 1000.0
B
% 800.0
=
Z 6000
=
400.0
200.0
0.0 :
0 10 20 30 40 50
Cycle
Fig. 5 Scaling Test Results by ASTM C 672
1600.0
— —OPC40 -+ = OPC45 - - -0PC50
1400.0
----- FA40 e FALS ——TFAS50
1200.0
‘E 1000.0
5]
2 800.0
=
2 600.0
=
400.0
200.0
0.0 :
0 10 20 30 40 50
Cycle
Fig. 6 Scaling Test Results by MTO LS—412
1600.0
— —OPC40 --- OPC45 - - -OPC50
1400.0
----- FA40 e FALS ——FAS50
1200.0
E 1000.0
D]
% 800.0
=
Z 600.0
=
400.0
200.0
0.0 :
0 10 20 30 40 50
Cycle

Fig. 7 Scaling Test Results by BNQ 2621-900
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T} (Lee et al., 2011; Dipayan, 2007).

T3k AAUL L A9 HEF B89 (bleeding), 255
4 (plastic shrinkage cracking), =3 XHVNFE], A
nzx So| ¥ ARE AsAA AALYL Ao 7+
Aol @elog g5/ At AE ZAE E4°] A9
tjitio] 717 R (slip form paver)o]H, ZETel] oja)
e e e g oo whet wighel] thsh 17 W ot £l el
oJgh ARg} mEgh arejE oo Fith 7| Ele Feke] o
HARIE Z3E 249] 49 E-uRelH] 40%% 49 2

AZEINE TEste] oF 308 zlsthglo]l QtwofXit
uebs] AAAEAE aEdE st AR 2 R elel] oigt
71F0] F7HH o 7 W] Qtol LA Ak g o= A}
S¥T} (Bouzoubaa et al., 2012).
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Table 6 Proposal of scaling resistance test method

Standards

P P I of h
Classification roposal of test method

4%, (NaCl+CaCly, 7:3)

Saline Solution . . ..
— Existing concentration of deicing agents

- Prisms measuring 300 X300 X75mm (0.09m%

Specimen - Min. surface area 0.09m’
- Min. 3 specimens required
. Concrete is compacted with vibrator enough to
Compaction

consistency of concrete

After the concrete has stopped bleeding and then with a
Finishing medium—stiff brush. And heat insulating material is
installed except surface of specimen.

- 14days at 100%RH
- 14days at 50+5%RH

Curing of
Specimens

- 50cycles of 24h
- Freezing at —18£3C for 16—18h
- Thawing at 23C for 6—8h

Freeze—Thaw
cycles

- After 5, 10, 15, 25 and 50cycles
Evaluation of | - Visual assessment of surface
surface quality | - Mass measure of cumulative scaled off material in

kg/m’

Acceptance |After 50cycles the cumulative mass of scaled off material
criteria must be < 0.8kg/m’
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