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Impact of Repeated Load on Crack Healing Cycles of
Asphalt Concrete

Saad Issa Sarsam*, Hanan Kadim Husain
Department of Civil Engineering, College of Engineering, University of Baghdad, Baghdad, Iraq

Abstract: Asphalt concrete pavement is designed to under take repeated loading for its design life with minimal maintenane
requirements. Under such loading mode, micro cracks appears in the flexible pavement structure, while it exhibit self healing
ability of micro cracks. In this work, the impact of repeated tensile and shear stresses on accumulation of permanent strain
of asphalt concrete and micro crack healing cycles have been investigated. Asphalt concrete specimens of 100 mm diameter
and 63 mm height have been prepared with optimum asphalt requirement and with extra 0.5% asphalt above and below the
optimum. Specimens exhibits permamemt strain under repeated tensile and shear stresses using three stress levels (69, 138
and 207) kPa at 25°C environment. The loading cycle consists of load repetitions application for 0.1 second followed by 0.9
seconds of rest period. Specimens were allowed to heal by external heating at 60°C for 120 minutes after each 1000 load
repetitions, then subjected to another load repetition cycles. The healing cycle was repeated twice. It was concluded that as
the crack healing cycles proceeds, the resilient modulus increases while the permanent strain decreases. The impact of asphalt
content on resilient modulus is variable through the crack healing cycles among tensile and shear stresses. After crack healing
cycles, the permanent strain was reduced by an average of (45, 36 and 23)%, for (69, 138, and 207) kPa respectively as
compared to reference mix under punching shear stress (PSS), while it was reduced by an average of (5, 23 and 21)%, for (69,
138, and 207) kPa respectively as compared to reference mix under indirect tensile stress (ITS).
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2.1 Pt K ie

WidsKUesk A 2k, HP3M ™=k 1 s,

SCRB
Specification [10]

Test Procedure ASTM [9] Result  Unit

Penetration (25°C, 100g, Ssec) 3

ASTMD 5 1/10mm  40-50
Ductility (25°C, Scm/min).

ASTM D 113 156 Cm > 100
Softening point (ring & ball). o

ASTM D 36 49 @ 50-60
After Thin-Film Oven Test ASTM D-1754

Retained penetration of

original, % ASTM D 946 &l WG | 255
Ductility at 25 °C, 147 Cm 595

Scm/min,(cm) ASTM D-113

# 1L UK R BRI,

2.2 MR AR R
FEL BRI 20 BHA K F AL Nibaee SR 413, JLA) 31
W7 1 2 % o
operty Aggregate
alk Specific Gravity (ASTM C 127 2610
d C128)
rreent Water Absorption (ASTM C 0423
‘7and C 128)

xcent Wear (Los-Angeles Abrasion) ., ,,
# 2.A1-Nibaee HHFEUHIZNE R Y BEI ,
2.3. 57k
W38 A 1R K e AR D TR e R IR SR b i
BE, BERRER K Ve HTEI P Nk 3 s .

Physical Properties

% Passing Sieve No.200 (0.075mm) 98
Apparent Specific Gravity 31
Specific Surface Area (m*/kg) 3.55
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2.4 Wi IREE L HICHTEPE

HLAE SCRBM KLY, 388 T HE #E )2 1 % LT U
FHIREEL, BRARFR R R AE N 125 (mm) o %4 W
N T T R AL BR A

Percentage finer by weight of total Aggregate

Sieve size (mm)

Specification Limits (SCRB)  Gradation adopted

19 100 100

12.5 90-100 95

95 76-90 83

4.75 44-74 59

236 28-58 43

0.3 5-21 13

0.075 4-10 7
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©4.4% Asphalt, ~ Y=9.347x+85.313 R*=0.9991
©4.9% Asphalt, ~ y=9.845x+81.933 R? =0.9967 j -
o 350 | e54%Asphalt, y=7.63x+98.367 R? =0.9969
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©4.4% Asphalt y=556x+117.43 R?=0.75
290 |®4.9% Asphait y=6.15x +101.7 R?=0.9995 3
- ® 5.4% Asphalt y=5.905x +104.93 R?=0.9641 °
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Pl 6. Wies & Xt ITS W 1K T AL G T 5 K

ARLAR BRI

Repeated indirect tensile stress (ITS) after 1000 loading cycles

Micro crack healing cycles

Asphalt content (%)

Reference mix One Two
Intercept Slope Intercept Slope Intercept Slope
4 853 934 1174 536 1223 531
49 819 984 1017 615 978 636
54 983 763 1049 590 1382 3.90

72 5.(1TS ) 1000 K INERAGEIR 5 1K AN AR R 4G o

3.2 Wi 5 X PSS N 7 /KSR W 7 TR BE K A N
AR PR S

W7 i, 7K AR A I 3 7K 38 Jin s 2842
Home XFF (PSS) FMSHIREY, # 30 Psi (207)
kPa [ N J17KE T, ACASEON AR AR AN B 3, (LB
E NI REAR , AR 2318 hn . #E 10 Psi( 69 )kPa i,
AR E AT LRI ASYE A (220-320) TV AR Z 1]

y=461x+217.63 R -08256
y=0.895x +309.43 R?=0.9945

©4.4% Asphalt
©4.9% Asphalt

350 ' ¢5.4%Asphalt  y=6.64x +164.03 R?=0.9143 !
e L 4
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§ :
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=
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£
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A E IS/, 7E 30Psi (207 ) kPa i /1K V- F, AA
WG A 53 L Z A B R A A2 BB TE (250300 ) Fo 22
JLRRIP . YR TR R

350

® 4.4% Asphalt y=2.83x+166.17 R*=0.7341
®49%Asphalt  y=3.76x+151.77 R!=09723 °
300 | ®5A4%Asphalt y=7.425x +80.633 R*=0.8653
£ One healing cycle PSS
3 .
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]
E 2
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MR, MRPRAEE, B SEN, SHADE E
IrHAHEG, B DT SRR T B NVRRPRAR L AR KR
B, ATRIER R, LA I B gk A AR A R
WS, 3% 6 S45 T IE & X 1000 IREXE (PSS) fif
T WA TRBE -k A AR R B R



DRZEHAAET 4561 :2022F 45 6 H
ISSN: 2661-3697(Prin); 2661-3700(Online)

@ Universe
Scientific Publishing

©4.4% Asphalt  y=4.785x + 70 R?=0.7382
260 ©4.9% Asphait  y=4.3x+112.93  R*=0.9045
©5.4% Asphalt  y=586x+83.3 R?=0.9644 °

Two healing cycles PSS . b

10 15 20 25 30

Stress level (Psi)

P 9. Wi & ik PSS RIS IS E F IR 7K
AR BRI

Repeated punching shear stress (PSS) after 1000 loading cycles
Micro crack healing cycles

Asphalt content (%)

Reference mix One Two
Intercept Slope Intercept Slope Intercept Slope
a4 2176 461 166.1 283 700 478
49 3094 089 1517 376 129 430
54 1640 664 806 742 83 586

7% 6.(PSS) 1000 YK INZRAGIRIG A 7K AN AR FEME R4
3.3.1TS I 7K P FHERSCA A R 7 A 0 A8 B 5
10 BB T ITS R S K SRS [ A FE 0 ik A B

NASRZIE , T LARER R, Bl ITS W 20 B3,
X BT AWK AR AELE (61 - 111) % BIFE R R4 .
ME|AMAFWIE, TR RISRIA AR, —
AN E IR K AN S 53 HIHE (39-76) % Fil (22-76)
% BFEEIN . S—rm, R @AERE, 5
10 Psi (69 kPa) N SI7KF NS HIREGWHM L, KA
N AR FEAKR T (3-8) %, 1fi 20 Psi 130 Psi (138 - 207
kPa ) 7K ASHN AR 53 BIREAR T (20 - 26 ) % F1 (23 - 19)
%, XEERIG " —5,

3.4.PSS JW 17K - RS A % 7K AN AR 1) s ]

B 11 s T PSS R ) AKX A ) A J 3 A A
NARRECE, AT OISR, XTEHIREY, BiE PSS
N TR B, K AR ASAE (3-5) % HIE Fl
. fEFEE D — A @A G, AER K2
T¥1) 149 K AR 78 AR AR AE (26 - 40) % RYFE RN . P
WAERWIE, ARER 3K Z 18] 1 7K AN 28 AR LA

(11-52)% WTEREIN . 55—, RSN,

510 Psi (69 kPa) L Jj/KF-TF IS HIREGWAHL, K
IO S AR T (41 -48) %, i 20 Psi 130 Psi
(138 =207 kPa ) I B ATAN AL 73 IREAL T (28 - 44)

% F (22-25) %,

ITS, Optimum asphalt content
=10 Psi
=20 Psi
=30 Psi

g & &

g

Permanent microstrain
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Healing cydes
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3
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E
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E
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F 12 #H], AAEEITS REWRENE &, 0
PLIR B RS & 05 & M (4.4-4.9)% THmi AT,
FRPER RN (25-42) %, TSWIHSEH (49-54)
% FFig, HPERCRE D (63-78) %, H—IriH, 24k
A TR A A B . 5T S RN 4.4%
RSB AR S H IR A B, Ram & —
AMER (Mr) 8007 100%, WA SIEER (Mr) 1
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TE— DRI EE AN 50 (90 - 171) %, XFhfT
AT R RN B AU T % R RE S SR T TR R 1 R
FZEPE =, WA s T B 43 He T Lol SR
W TREE L W R R 7, U A TR KR B

Repeated PSS
m 4.4% Asphalt

m 4.9% Asphalt
200 = 5.1% Asphalt

Repeated ITS

m 4.4% Asphalt
. 8000 = 4.9% Asphalt
™ 5.4% Asphalt

Resilient Medulis (MPa)

Healing cycles Healing cydles

(&1 12, 480 A% B AR (5

W EE A PSS B, & 12 0, 5 ITS oA,
Wit & A I Z BT AN BEE Wi &
o, s R, R KA T AR T E A
PSS iR I A Fe A Wi 75 & i 0.5% WU E R L8, “E
T (4.4-49) % ETHS, SRMAE TR T (16-24)
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WS IRA R, —A2R8@mA A (M) $mT
1%, WPANEATEY (Mr) W0 T 16%, i



@ Universe
Scientific Publishing

HRZEBEBHAHART 4568 :2022F 456 1
ISSN: 2661-3697(Prin); 2661-3700(0nline)

FRT, HeEMEXT (M) BIEERIN 9%, —N
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100%, TFEAEA T (Mr) BT 400% .
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ASJEARE T 1%, WA A S 25 (M) Jib
16%.,

(3) HHRUBEMWAE, PSS THSHIRS
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%. (28-44) % Fl (22-25) %,

(4) HE@ETEING, 51TS FRISHIREWHLL,
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