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Evaluation of Moisture Susceptibility of Porous Hot Mixed Asphalt Mixtures with

Hydrated Lime using Non-destructive Impact Test
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ABSTRACT

PURPOSES : 1t is theoretically well known all over the world, that porous hot mixed asphalt (HMA) with hydrated Lime improves moisture
and rutting resistance, and reduces pothole occurrence frequency, as well as the life cycle cost (LCC).

METHODS : Addictive in the two different formations of the liquid anti-stripping Agent and powder Hydrated-Lime was applied in this
investigation in order to obtain relatively clear results according to their types and conditions. Firstly, the moisture conditions were set, and
applied to the porous HMA mixtures with hydrated lime (anti-stripping agent). Next, it was followed by a non-destructive test with the
application of three freeze-thaw cycles, which were individually carried out thrice to compare the results of the dynamic moduli. Lastly, the
hydrated lime effect related to moisture sensibility to porous HMA has been verified through the analysis of the modulus results regarding the
change rate of dynamic modulus per n-cycle.

RESULTS : It is clear from this investigation, that the dynamic modulus is inversely proportional to the change in temperature, as the graph
representing the rigidity of the thermorheologically simple (TRS) material showed gradual decline of the dynamic modulus with the increase in
temperature.

CONCLUSIONS : The porous HMA mixture with the anti-stripping agent (hydrated Lime) has been found to be more moisture resistant to
freezing and thawing than the normal porous HMA mixture. It is clear that the hydrated lime helps the HMA mixture to improve its fatigue
resistance.
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Table 1. Details of Hydrated—Lime and Antistripping

Agent
Hydrated-lime and antistripping agent type
1 2 3 4 5
Type — —
None Liquid | Liquid | Powder | Powder
Ratio(%) - 0.25 0.75 0.5 1
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Table 2. Details of Mixutres

Type | 2 3 4 °
Length 15.44 15.61 1555 | 15.28 15.47
(cm)
Dlameter| g 954 | 0980 | 9.954 | 9947 | 9.968
(cm)
Vv(ilg)ht 2 484 2.491 2.497 2.497 2.503
Po(r:/)?ﬂy 16.05 13.62 13.62 | 13.00 14.25
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Table 3. Guidelines for Quality Standard of
Hydrated-Lime

Provision Standards
Ca0 (%) > 90
CO2 (%) <5
Non—-Ca(OH)2 (%) <5
Moisture content (%) <A

Fig. 1 Porous HMA Mixtures
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Fig. 4 Coherence Analysis of FRF
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Table 4. Results of Dynamic Moduli

Type Temp. 1 Cycle 2 Cycle 3 Cycle
0T 7581.69 7678.87 7281.20
5T 7481.92 7395.57 7205.46
10 C 7152.04 6906.43 6934.19
15 C 6768.44 6451.89 6209.94
Typel o0 e | 626559 | 6027.20 | 585286
mixture
25 °C 5633.66 5377.78 5221.20
30 C 5383.22 | 4941.03 4821.85
35T 5080.15 417317 4250.18
40 C 4379.28 | 3965.02 | 3402.73
0T 6321.49 6631.85 6496.65
Type 2. .
: 5T 624213 6532.56 6451.89
mixture
10 C 6174.93 6125.49 6067.58

15°C | 6027.20 | 568388 | 574274
20°C | 565316 | 4922.80 | 5399.56
25°C | 499854 | 455525 | 4681.26
30°C | 438174 | 410874 | 413493
35°C | 368075 | 351175 | 3459.20
40°C | 3306.08 | 283582 | 2739.88
0°C | 762696 | 745949 | 6496.65
5C | 743388 | 676539 | 647872
10°C | 715832 | 625972 | 6277.34
15°C | 6380.60 | 593543 | 5847.19
Inyli’t‘z i‘ 20°C | 609071 | 5293.80 | 5229.25
25°C | 520650 | 483473 | 462056
30°C | 4607.97 | 435967 | 419476
35T | 432546 | 366951 | 3644.84
40°C | 3849.12 | 3090.10 | 3024.49
oc | 769187 | 747871 | 703647
5°C | 747551 | 695892 | 678676
10°C | 707697 | 677149 | 6487.68
15°C | 633329 | 615745 | 5926.86
Inyli’i r‘;‘ 20°C | 589550 | 559754 | 544872
25°C | 546515 | 4990.68 | 4747.46
30°C | 496713 | 441617 | 418516
35°C | 429138 | 3890.65 | 3398.40
40°C | 370554 | 324031 | 204547
0C | 719916 | 6996.09 | 656557
5°C | 6780.65 | 6802.04 | 626853
10°C | 649963 | 645487 | 585570
15C | 610229 | 6047.37 | 5462.41
Type S oq o | 544872 | 550360 | 493842
mixture
25°C | 483473 | 4837.31 | 441371
30C | 435967 | 409686 | 3662.77
35°C | 387678 | 3674.00 | 3139.78
40°C | 321503 | 3044.92 | 2556.70
5 =014 "ot
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4B A7k A9 chakt 20 S8 ATae

F/TAES AARCH SEUAES Hrkshr] $5h A
o 2Ao waet BW(Boiling Water), F/T,
QB(Quick Bottle), RB(Rolling Bottle) AlE@H4 5
O & uyojXint, kg o] AFHES T == A
B WstAZ H, FHJAZAF, upAFAE,
Immersion—Compression Test, 3EEAAS: 52
NEAIE Soll EFEY +EATS F71E 4= At
2 A ollA et RN Bk 2438 Wt

_]
L L o -
B Bo4 HMAS SEATAES B71517] el F/TA

84 International Journal of Highway Engineering - Vol.17 No.4



Holl &gt vla Al H S AAISt o, FAFHAIH-
ASTM D 6857 7] SJAT,

o] 7|0 w2 A-LoA ofATE SoES o £
SkA717] 918l 48AI%F 3 AAIRE H, ?‘%%#}_OM
oA AxE A AIUPE} =3 %4 E}E} 30%77%]

Table 5. Flow Chart of F/T Test

Specimen at 25+1C for 48 hr in constant
temperature water bath

v

Dry at constant temperature to 30%
moisture content

'

Freezing at —18+1°C for about 24 hr

v

Thawing at 60+1C for about 16 hr
in constant temperature water bath

'

Dry speciment at constant temperature for
dynamic modulus test
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4057 4=34813itt. Fig. 5& %o w2 243
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Fig. 5 Comparison of Dynamic Moduli regarding
Cycle Number
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Table 6. Change Rates of Dynamic Moduli

Type |Temp Instantaneous rate of Average rate 00f
change (Mpa/Cycle) change (Mpa/C)
1088.3 | -97.2 | 3977
1157 | 864 | 190.1
10 | 13371 | 2456 | —27.8 1127.0
15 | 1537.2 | 316.6 | 241.9 (Non —1)
1 | 20 [ 1997.1 | 2384 | 1743 ( 131;2'12)
25 | 9956 | 2559 | 156.6 193.0
30 | 8735 | 4422 | 1192 2 —3)
35 | 980.0 | 907.0 | -77.0
40 | 2188 | 4143 | 562.3
3913 | -310.4 | 135.2
5 | 707 |—2904| 807
10 | 1567 | 494 | 579 4887
15 | 2420 | 3433 | -58.9 (Non —1)
2 | 20 | 3571 | 7304 |-4768 (f(f';)
25 | 8663 | 4433 | -126.0 295
30 | 919.0 | 2730 | 262 2 —3)
35 | 9359 | 169.0 | 525
40 | 4590 | 4703 | 959
0 | 8808 | 1675 | 9628
5 | 6757 | 6685 | 2867
10 | 4949 | 8986 | -176 902.4
15 | 9001 | 4452 | 882 (Non —1)
3 | 20 [ 11335 | 7969 | 646 (156f"z")
25 | 15452 | 4618 | 2142 206.0
30 | 1162.8 | 2483 | 164.9 2 —3)
35 | 6852 | 6559 | 247
40 | 6437 | 759.0 | 656
0 | 11204 | 2132 | 4422
10616 | 516.6 | 172.2
10 | 6721 | 3055 | 2838 528.01
15 | 7089 | 1758 | 230.6 (Non — 1)
4 | 20 | 3716 | 2980 | 1488 (?71822)
25 | 3919 | 4745 | 2432 282 1
30 | 1942 | 5510 | 231.0 2 —3)
35 | 209.6 | 4007 | 4922
40 | 218 | 4652 | 2948
17819 | 2031 | 4305
1152.0 | —21.4 | 5335
10 | 10494 | 448 | 5992 965.87
15 | 6557 | 549 | 585.0 (Non — 1)
5 | 20 | 7465 | 549 | 5652 (19552)
25 | 8633 | —26 | 4236 510.4
30 | 1256.4 | 262.8 | 434.1 ©— 3)
35 | 9647 | 2028 | 5342
40 | 2230 | 1701 | 4882
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