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THIRDKIAT CHAIYALAP : ASTUDY OF ASPHALT CONCRETE
PROPERTIES USING ASPHALT CEMENT WITH VARIOUS
PROPORTION OF NATURAL RUBBER. ADVISOR : PROF. SUKSUN
HORPIBULSUK, Ph.D., P.E.

This study is to evaluate a property of asphalt concrete mixtures using Natural
Rubber Modified Asphalt (NRMA). Different percentages of NRMA (5%, 8% and
10%) were used for serving the Thai government strategy of encouragement of
NRMA usage. According to the results of laboratory trial, it was found that the
indirect tensile strength (IDT) of asphalt concrete with NRMA is higher than that of
the typical asphalt concrete with AC 60/70 because of the better elastic recoverable
property of the natural rubber. NRMA 8% provides the highest resistance of
permanent deformation. Moreover, asphalt concrete with NRMA has a better
capability of fatigue cracking resistance than the typical asphalt concrete. Regarding
Marshall mix design criteria, when using NRMA 10%, the asphalt concrete mixtures
has the highest value of stability, compared with AC 60/70. This result confirms that a
usage of NRMA pledges a durable mixture, supporting high-volume traffic level.
Based on a design parameter of the flow value, asphalt concrete with AC 60/70 has a
competitive result as using NRMA 5%. However, the less flow value, the higher use
of asphalt concrete with NRMA as 8% and 10%, respectively. In conclusion, Natural
Rubber Modified Asphalt (NRMA) is highly recommended to use for asphalt concrete

mixtures in order to improve pavement performances.
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v . - Specicati
AC oMK HATIAY
o on ad
a . AC + 5
4 AMANHUS PMA | Rubber Mosied TIS
N 60/70 | Natural naaay
Asphalt Cement 2156-
Rubber
2547
1 T FY Ngungll 25 09 | 67 54 63 | 50-70 (ASTM D 55-70 | wen.1201
wrasee 1MIn nA 100 SN 5)
1381 5 3U77 (0.1 Yaawasg)
2 yavoudl hiteonii (e | 512 | 556 | 79.2 | 50 Min. (ASTM 70 UoN.1216
ERIGHG)) D 36)
3| anwgana Nguwgll 13 0aen | 89 80 92 | 50 Min. (ASTM D 55 UoN.1202
= o <3 A =2
SHAIFIE DAT U5 IVDUATDIA 113)
5 suAATAoN litios
NI (IBUALLAT)
4 AMNBALGUNAY (clastic 25 65 93 | 50Min. (ASTM 70 UON.6084
recovery) NN 25 B D 6084)
SEHOE TEOZ 10 EUALNAT
lifesn (Fovaz)
5 ANUH RS UDINIUEA 55 158 | 304 - 170 ASTM
(Toughness/Tenacity) # 6 84 | 229 - 100 D 5801
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v . - Specicati
AC YoMnriuaRiLAY
oW on ad
SalagY . AC + 35
4 AMANHMUS PMA | Rubber Mosied TIS
N 60/70 | Natural naaay
Asphalt Cement 2156-
Rubber
2547
6 ANunila uzaag oA 650 | 1060 | 143 | Viscosity at 150 3000 ASTM
NOU 18.6 IUH- 1 UAU 0 | C  200-600 D 4402
(spindle) 21 NYWHYI 135 P (ASTM
DIrsALTIE 185 | 265 D 4402) *(1Cp 1000
laipu Gladawada Ju+i) 400 =1 Mp.s)
Nguugil 165 oarmiaLya
TPy @aamada Iui)*
7 @RI MNADNIINDTN 24 0.5 0.5 1.0 4 Max. 2 ASTM D
%2109 Ngungil 163 04eN (ASTM D 5892) 5892
FABIE AANLANAIUD oN.1216
PAOOUAD TTHINVULAZAN
voaviaeanaaeu luny
(e3rsalFoe)
8 ANUMIUUFNRUTI 1.03 | 101 | 1.00 - 1.00— | ASTM D
QUi 25 ovrraIya 1.05 70
(NSusagRLIARIEUAINAT)
9 | ganulil hidesni (esm | 272 | 315 | 332 | 220 Min. (ASTM 220 | wen.1182
ERIGG)) D 92) GE)
10 | msazarelunegdu lides | 99.9 | 99.90 | 99.8 - 99.0 ASTM
AN ($ovaz Tagrimiin) 5 0 D 5546
11| anvdwmuusaneulew | 12 1.7 | 26 - 1.0 AASHT
in e O Nguingl O TP5
76 DR AT 10 rad/s
lifosni (Alansumada)
T a A q9
12 minigayde lihiie 14 04 | 02 | 0.1 1.0 Max. 0.5 ASTM D
anudou luny (ASTM D 1754) 28721
(Govaz Tagimiin)
MANMEBIINATDY
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v . - Specicati
. AC Yomnuaniay
810 on ast
o AC + 15
U AMANHMUS PMA | Rubber Mosied TIS
4 60/70 |Natural naaay
1N Asphalt Cement 2156-
Rubber
2547

13| milmsdu Ngangii 25 09 | 63.0 | 70.9 | 75.9 60 Min. 70 ¥on.1201

wasee Minna 100 NI (ASTM D 5)

a1 5 3ui lidfesnn

(FovazupuniimsFuAY)

14 PABOUAMANANDINAY | +8.0 | +2.9 | -1.4 | +6Max. (ASTM | -4D9+6 | won.1216
Gk RIERR)) D 36)

15 | anudads Noavgil 13 09 | 8 14 | 76 40 ¥0n.1202
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=3 a 1 = 1
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Y 1 a
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Formula (NTUNNNAN, 2557)

AC +
Ay o Natural v . -
B aaNHAE YamMnuatitay
7 Rubber
5.0%
v ] F4
1| wmilmsdu Ngumgil 25 earuwaiied 11miinna 100 60 50-70
A5 1381 5 3117 (0.1 Haawas) (ASTM D 5)
2 | yeeoudd Titesni (esruvaidon) 53.1 50 Min.
3 Anubafsiguvigll 13 esraiFed a3 1v0a 53.1 50 Min.
d' = a 1 = "y 1 a
INT09A4 5 UAIATABLN JiTipeA (LB UAUNT)
4 | el hidesni1 (eeriwaidon) 305 220 Min.
(ASTM D 113)
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AC +
A o Natural o . -
2 aNHAE TYomriuaTIAY
M Rubber
5.0%

5 | AnuBangundy (elastic recovery) figaingdl 25 83
waFod szoz 10 isudmas hitesni (Govaz)

6 | mdvsmwdemmiiud 24 ¥ uediquingd 163 oeen 3.9 4 Max.
HAB AIANWLANANVDIYADOUAIILHINDULAL (ASTM D 5892)
anvoIrasaNAdeY luiny (sralFoe)

7 | anwuwila ugailad sasuiou 18.6 WF- 1 unu 500 Viscosity at 150 C
(spindle) 200 - 600 Cp
21 figangil 150 persAIFEe (centiPoise) (ASTM D 4402)
mMnfimaennnseu

8 | shmiiniiguideludelinnuden i (Gevazlag 0.06 1.0 Max.
vimiin) (ASTM D 1754)

o | milmsdu fgaingd 25 esruvaive simifnna 100 86.7 60 Max.
ASY 1815 3uM (ASTM D 5)
lidiosnn (Fosazvoumilmsduan)

10 | 9A00UAMANANIINAY (DIFUFALTHH) +1.7 +6 Max.

(ASTM D 36)
11| anudandunduiigungdl 25 esrasaiea Tides 36.2 35 Max.
N (%) (ASTM D 6084)
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A U v d =
AUTNUAVDNTIUNTNIRAAANDUNIA

woalasnaun3anly

AC 60/70

woaannounsANlY AC
60/70 WANEIWII

5.0%

o (Tolerant Limit)

M (Tolerant Limit)

Asphalt Content (% by Mass of Aggregate)

5.0 +(0.3)

5.0 +(0.3)

Marshall density (gm./ml.)

2.415(2.403 —2.424)

2.416 (2.408 —2.422)

Marshall Air Voids (%) 4.0(3.2-43) 4.0(3.4-4.7)
Voids in Mineral Aggregate (%) 14.6 (>14) 14.5 (>14)
Voids Filled with Bitumen (%) 72.6 (67 —177) 72.4 (67 -177)
Marshall Stability (Ibs.) 2610 (>2300) 2920 (>2600)
Marshall Flow (0.01") 11.0(10-12) 11.0(10-12)
Marshall Stability / Marshall Flow (Ibs./0.01") 237 (>160) 265 (>200)
Strength Index (%) 87.9 (>75) 88.5 (>75)

wvAa = Y] 1 o H
wanInadoUIsumsunuaulaN1IAINITUVEIA0E 1B dNaARUNTATIAT BY
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g19M55osay 5 1M Stability A1 Resilient Modulus 31194 Pulses 91AMINATDUANNA
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I%e19 AC 60/70 Und smunslnlFeuneudaas lali




11

WRsuifsukamsnarounnanUEmasnssnesidmeisssnniniesjiuAms
B Asphalt Concrete (AC 60/70 +NR S.0%) = Asphall Concrete (AC 60/70)
143,848

292
261
250 4
200 1 179 5%
150 + 13599
= 98.87

100

0 1 “47%%

o 4

Stabwiity (10 Total AM {10  Inst. RM (10 ITFT {puises) ITSI0.01 MPa)  Axial Strain
Lbs) MPa) MPa) (100 p Strain)
stiameanassu (vude

MUAMINans Y

‘ﬂﬁ 2.1 L‘]_]ifJ‘Ume‘UNﬁﬂ”l'i“I/Iﬂﬁf]‘]JﬂﬂlleI‘U@]“VIN’Jﬁ’)ﬂiﬁﬂ"’ll’f)xi@’)ﬂﬂ"lﬂ‘l’llﬂiﬂi]mﬂ

“I’YENTJQ‘]JGIFI”IS (NTUNNNAN, 2557)
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Y
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M5199 2.4 HANTNATOUNIINAT0I30UDIAIDENNATENIINK0UPUAMNT (NFTUNHAN,

2557)

318M13 AC 60/70 AC 60/70 + NR 5.0%
No. of cycle 1000 3000 | 10000 | 1000 | 3000 | 10000
§10¢197 1 (LT) 2.73 4.00 6.04 | 250 | 400 | 491
§10¢197 2 (RT) 2.92 4.07 5.37 291 | 423 | 537
§10¢197 3 (LT)) 3.06 4.51 640 | 365 | 489 | 6.49
§106197 4 (RT.) 2.70 4.03 580 | 2.81 | 395 | 5.64
Average 2.85 4.15 590 | 297 | 427 | 5.60
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6.00 71
5.00
4.00

# AC 60/70+ NR 5.0 %

297 285

3.00
200 +
1.00 1
0.00 -
1000

27T 415

3000

No. of Cycles

® AC 60/70

560 590
10000
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A15199 2.5 HansdsdazlsslivamIMnIeneunIneas1aInaaon (NTUNIKNAN,

2557)

ROUTE

305

Control

Section

0200

Route Name

24A5IY-UATUIEN

Sta.-Sta.

51+700 —
53+700 RT.

Type of

Test

Average

DUTIUITND

(tlaue)

UINAN

(tauw21)

IRI

2.33

1.80

Unit

m/km.

Remarks

Texture Depth

0.66

0.67

cm.

Skid-Resistance

36

42

BPN.

Rutting

0.95

cm.
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ROUTE
No.

305

Control Route Name
Section
Ju o
0200 DIATNH-UATUIYN

Sta.-Sta.

51+700 —
534700 RT.

Unit Remarks
Average
Condition
Survey BUTAVTINA | EusonN
(laudy) (1auv7)
Patching 2.86 - m’
Alligator R
4.67 - m
Crack
Transverse
3.95 - m
Crack

v 9 H
A15190N 2.6 Naﬂ1iﬁ1§’3i]!,m3‘]Ji%LﬂJ‘LlﬁﬂTW‘VIN‘VTﬁQﬂWiﬂ@ﬁ%}Nuﬂaﬂﬂﬂﬁﬁ)ﬂ AN 1 (NTUNN

HaNn, 2557)
ROUTE Control Route Name Sta.-Sta. Type of Average Unit | Remarks
No. Section Test [AUIDUIINN LaUINL
tavdne) | gauvn)
IRI 1.87 1.71 m/km
Jo  d
305 0200 ANTNY— 514700 —
Texture Depth 0.64 0.60 cm.
HUATUIYN 53+700 RT.
Skid-Resistance 40 50 BPN.
Rutting 1.15 1.04 cm.
IRI 1.98 1.42 m/km
Jo  d
305 0200 ATNH— 51+700 —
TS5 U 534700 RT. Texture Depth 0.52 0.60 cm.
Skid-Resistance 42 51 BPN.
Rutting 0.80 0.78 cm.
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] 9 v
A5 2.7 Wafﬂiﬁsﬂi'J%!Lﬁgﬂi%LﬁJUﬁﬂWWﬂNWﬁﬂﬂ?iﬂﬂﬁ%’]ﬂllﬂﬁ\iﬂﬂﬁ@ﬂ A9 2 (NTUNY

NaN, 2557)
ROUTE | Control | Route Name Sta.-Sta. Type of Average Unit | Remarks
No. Section Test LAUIVITNN rauIf
(laudner) (lauv)
IRI 1.92 1.73 m/km
305 0200 P4ASNE- | 514700 - Texture Depth 0.21 0.30 cm.
UATUIYN 53+700 RT. Skid-Resistance 32 42 BPN.
Rutting 2.42 1.41 cm.
IRI 1.95 1.41 m/km
305 0200 IRSNY- | 514700 Texture Depth 0.2 0.44 cm.
UATUIN 53+700 RT. Skid-Resistance 34 43 BPN.
Rutting 2.04 0.84 cm.
ROUTE | Control Route Name Sta.-Sta. Condition Sum Unit Remarks
No. Section Survey UIDVIIND LAUIDLUN
(taudhe) (taua)
Patching 1.4 - m’
305 0200 04ATNE- | 51+700 - Alligator i
UATUIYN 53+700 RT. Crack _ _ "
Transverse
- - m
Crack




15

Skid Resstance Value (SRV) wu Test Section 305
dmnsnaumsnaaioslacveaay

a JUNIND au_%uit 25/12/2555
60
50 M
co a3
37
gao W
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s 1
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b @ a 2 a2 @ # & @ b

707 2.3 namlnaasmnansdsassiivanInmnie (NTUNIKaN, 2557)
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Nan1INaaoUMINAIedde luanuvsaulanaaoy mnmslsziiuramsnasod

9 v o A Agq Y ad Aa o Y =
ae W‘]J'NGI)"NLlﬂﬁ\iﬂﬂﬁ@‘ﬂLlﬂﬁﬂaﬂﬂﬂuﬂﬁﬁﬂicﬁ AC 60/70 WEUINNITT UNUNNATDINDAN

a a I zﬂy ~ 1 1 4 A A 9
AU 1.00 N, Ay 53.5% VBINWUN ﬁ')u‘]f'l\iLL‘]JaQﬂﬂﬁﬂﬂ!t@ﬁwaﬁﬂ@‘Hﬂﬁﬂﬂicﬁ AC
Y
A Y =

as AA a a a g ,i' A
60/70 UnAlNuNMNAToIaeaNAY 1.00 Fy. AU 85.5% VYBINUN

resdifinudenss Mean Texture Depth sseiiimadu neshifemFauss Mean Texture Depth sednwedy
1 TuE Uawvauenl ] 00 Lo TRITAF TS S
B ACHD/70 - NRDS% Wi ACH0/70 - NR OS5

E ?30 B S ACSN/TO
£ 0.64 = 0.60 060
[ 0.52 D60
£ :
4 ? -
5 D40 0.30
Rt -
> 020 0.21 &
- .20
: -

0 0.00

1" 1 85
B S8 g*'_:'ﬁﬂ'}!_'r.-_.r',u.

517 2.4 wamsnadoumsinasosae ludumusalamado (NTUNNHAN, 2557)

a 1 v ] @ 1 U 4 { o
NﬁﬂTS‘VIﬂﬁ’E)‘UHJ?fJ‘]JLﬁEJ‘Uﬂ”IiLﬂﬂii’)\iéj@iZW’JNlmuﬁ’JﬂﬂNLL@ﬁWﬁﬁﬂﬂuﬂ%ﬁﬁ@]ﬂﬁﬂﬂ

J 4

ANV aINATDUNIINAIINLIGIAY 305 FIIBIATNY - UATUIEN AN.51+750 — AN,
~ 9 o Iy 4 a A 9
53+750 YN N1F¥819 AC 60/70 Dutealadasunsanlds1a AC 60/70 WAl 819WIT
Y )
5.0% Tagiminueas1d AC 60/70 AI8IAT09 Pavement Rutting Tester WULBaHadA0UATA
A14819 AC 60/70 WeaNe1IWITIT0sas 5 Buur ItyueIn15iAaTodeiosniuodilad

v Y
ADUNIAN 1H819 AC 60/70 UnasaasnanananaaodtaznitiSeususae 11/l

{ a 1 9 o 1 d‘ o a
GﬂiNﬁ 2.8 Waﬂ15“I/]@1’d@‘]JL’]J?EJ‘]JLﬁEJ’lJﬂWiLﬂﬂ‘JENﬁE]ﬂIENWJ@81Qﬂﬁﬂﬂ1ﬂw’3‘ﬂ1\1ﬂl®0l!ﬂa\1

NAFOY (NTUNWHAN, 2557)

318N AC60/70 AC 60/70 + NR 5.0%

No. of cycle 1000 3000 | 10000 | 1000 3000 | 10000
ﬁl’mfhﬂ‘ﬁ 1(LT.) 1.19 1.83 2.23 1.37 1.58 1.82
ﬁl’mfhﬂ‘ﬁ 2 (RT.) 1.02 1.42 2.25 1.56 1.91 2.25
Average 1.11 1.63 2.24 1.46 1.75 2.04




WL MUULAM TNARIDUN TIARTEIA T TSR IRE AN s 8 Uit
naroy
®ACB0/70+ NRS.O% » ACB0/70
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z 250
£
g 2.00
‘ 146
v 150 ~
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§ 100
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S
) 0.50
£
£ 000
1000 3000 10000
No. of Cycles

o

d' (= ~ a 1 9 [ 1 d'
E‘IJVI 2.5 1WFeuneurNamsnageuMNATEIa0UDIAINNAR

517 2.6 19509 Pavement Rutting Tester (41¢) 1azAI0619NATO
(UNUUMIBINHAVENNITT U1 1629e19 TN NeIanIT)

(NIUNWNAN, 2557)
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1 I o 1 4 {
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9 a v A o 1 [y 4 A A
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[ ] [y 4 1
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31N 2.7 eauzaes (Nqug 1nA1A3, 2560)
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Aggregate Volume (Bulk)
Aggregate Volume (Effective)
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3.4.2 MInaaeUMAINgaaAuf (Indirect Tensile Stiffness Modulus : ITSM)
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4.1.1 JaguasIn gazearNan1snaasd aaaadlunsan 4.1

A15199 4.1 N’dﬂﬁi’lﬂﬁ’f)ﬁ’ijﬁﬂﬂ’mﬁ’lﬂ
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¥ONIINAADY INAUNNTNDITHN NaNAaD
NAADY
NA-N. 2022515 | A5MINAADIMNIANNANNIBUDY | 1Y Cold Bin
Coarse Aggregate 10g141n504 IATIVNIL <40 % 24.4 %
Los Angeles Abrasion
Na.-N. 213/2531 | IFN1INAABINIANUAINY 11 Cold Bin
(Soundness) UDINIDTIU VINTINHYIU <9 % 1.0 %
1IATINALIDIA < 9 % 3.1%
N.-N. 203/2515 | ITNMINAADIHIAT Sand ¥IA5INALIDNA
Equivalent U Cold Bin > 50 % 55 %
11 Hot Bin > 50 % 62 %
as <3 o ~ ~
Na.-N. 2042516 | IBMINAAIHIVIIANATAR AUA1T N 3.1 AWAT N
Tagruazunsanyy lidna NSV Wearing | 4.2 1ag 4.3
Course Y141 50 V..
na.-n.2052517 | Amsneassiviaiiauesiag | auanied 3.2 AUAT N
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A13197 4.1 (19)

MIAIFIUMS 4 . -
FoNInAaeq INUNMINITN HannAaeq
nAAvY
Na.-N. 2092518 | A5NINAADIHIAIAIN Taiszy WA
Y v
2N UMIZIAZMIAFUIYDA N 4.4
< =
Aggregate LUADTIDYA
Na.-N. 2102518 | ITNINAADIMIANATHANVUVY | WIATIWHU <35 % 29 %
(Flakiness Index)
Na.-N. 2112518 | ABMINAADIMIAIAYHANINGTD | WIATINHEIU <35 % 28 %
(Elongation Index)

A9 4.2 Aggregate Gradation for Cold Bin

Cold Bin
Passing (%)
Sieve Size Combined | Desired
Bin 1 Bin 2 Bin 3 Bin 4
1
3/4” 100 100 100
1/2” 37.5 83.1 80 - 100
3/8” 100 100 4.8 74.3 -
#4 96.8 45.8 1.3 56.7 44 - 74
#38 74.2 13.1 37.1 28 - 58
#16 49.8 6.9 24.3 -
#30 333 4.4 16.2 -
# 50 23.5 10.6 5-21
#100 17.6 7.9 -
# 200 14.3 6.4 2-10
Mix
45 28 27
Proportion




A15197 4.3 Aggregate Gradation for Hot Bin
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Hot Bin
Passing (%) Combine Tolerant
Sieve Size Desired
Filler Bin 1 Bin 2 Bin 3 Bin 4 d Limit
3/4” 100 100 100 100 100
1/2” 80.3 7.3 79.8 80-100 75 -85
3/8” 100 31.8 0.7 69.9 - 65-175
#4 100 46.3 1.4 52.5 44 - 74 48 - 58
#8 81.3 6.7 1.0 35.8 28 -58 31-41
#16 51.6 4.8 22.7 - 19-27
#30 31.9 13.4 - 9-17
# 50 21.0 8.8 5-21 6-13
# 100 15.4 6.5 - 5-10
# 200 12.8 5.4 2-10 4-6
Mix Proportion 42 22 18 18
~ va dy Y Y]
AT NN 4.4 Nﬁﬂﬁ‘ﬂﬂﬁfl\iﬂ1ﬂﬂ!’ﬁllﬂmllﬁliﬁuﬂlﬁN’JﬁﬂM’mi’m
Hot Bin 1 Hot Bin
Description Filler | Passing | Retained Total
Total | Bin2 | Bin3 | Bin4
#200 #200
Mix Proportion (%) - - - 42 22 18 18 100
Bulk Specification Gravity - - 2.662 2.671 2.687 2.696 2.699 2.684
Apparent Specification
- 2.731 2.730 2.728 2.729 2.729 2.729 2.729
Gravity
Effective Specification
- - - - - - - 2472
Gravity
Water Absorption (%) - - 0.92 - 0.56 0.45 0.41 -
Flakiness Index (%) 56 21 20 29
Elongation Index (%) 18 29 33 28
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1) woafladduud AC60/70 AU TAAIUNIATFIU WON.851-2542 AL

N1@S§1u%®ﬁ1ﬂuﬂ’jﬁ¢]‘ 1 na.-n. 401/2531 “Specification for Asphalt

Cement”

2) ueafladduud AC 60/70 WENEINNITIFITUIIA (Natural Rubber Modified

Asphalt Cement, NRMA) Wnauenamsnludasiauiosas 5, 8 uaz 10 au

wa Y o o A Y o o I %
ﬂmﬁ‘ll‘]_IWU’E]ﬂTHUWJﬁﬂ‘VI Na.-1.409/2556 Ell’E]m‘Viummﬁ‘WaWﬁmu@

U5D1/399001MA00195 555917 (Specification for Natural Rubber Modified

Asphalt Cement)

NANITNAADY J19aDALand 11A15197 4.5

d' vAa dy 9 U =S 4
1IN 4.5 wamﬁmﬂammﬂmﬁu‘umuamumamaﬁﬂa@muum

FTHINVULALANVDIHADANAT DU

Tuipy (esmiraisen)

a . AC NRMA Yommua
. nMANHE -
Ay 60/70 | 5% 8% 10% WA NRMA
1| wilmsdu figaingd 25 °C Yiminng 61 | 55 56 50 50-70
100 51 1781 5 3UN (0.1 Haawas) (ASTM D 5)
2 | yegoud lidesndn (esruwaiTod) 539 | 584 | 603 60.5 50 Min.
(ASTM D 36)
3 | anwdads figuvgli 13 °C §asuSawes | 9986 | - - - 50 Min.
in3eada 5 iudmasaounit Tideendy (ASTM D 113)
(UAAT)
4 | yanull lidesni1 (esruwaiFon) 278 |.318 | 295 318 220 Min.
(ASTM D 92)
5 mmﬁwejuﬂﬁu (Elastic Recovery) 171 25.0 50.0 57.5 57.5 50 Min.
QUNYH 25 °C 528 10 I¥UAWAT (ASTM D 6084)
Tudesni Gowaz)
6 | wdosnmaomaiiud 24 $2Tus qungdi | 027 | 070 | 20 1.8 4 Max.
163 °C AIAUIANAIVDIABDUA) (175°0) | (175°C) | (ASTM D 5892)
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A13197 4.5 (919)

& . AC NRMA Yoiviua
. nMANHE -
A 60/70 | 5% | 8% 10% | WAy NRMA
7 | anwmilauzalasoasuiou 18.6 w1’ - | 598 | 468 660 200 - 600 cP.
unw (spindle) 21 figaigdl 150 °C (180°C) | (180°C) | (ASTM D 4402)
13itAu (centiPoise)

a A
NINNYiaedINNIIOU

s | dminfiguideludelianuteu - | 0151 | 0.166 | 0.03 1.0 Max.
Taitu (%’aﬂaﬂﬂﬂﬁ”mﬁﬂ) (ASTM D 1754)

o | milmssuiiguvgii2s°c Yimifnna - 944 | 952 | 954 60 Min.
100 P53 a1 5 i hitesni (ASTM D 5)

Y A v A
(399 UDIUNUNITTULAN)

10 | 3A9UAANATIINAN(DIA U AITEE) - 0.7 | +0.9 3.4 +6 Max.
(ASTM D 36)
11| anwdavidundufigangd 25 °c - 325 50 425 35 Min.
Tidesni (Fewaz) (ASTM D 6084)

AT HAMITNAABY AC 60-70 DUALNITNAADIN A-394/2560, NRMA 5% dUAUNAADIN A-664/2560,

NRMA 8% dUAUNAADIN A-616/2560 ag NRMA 10%0UALNAADIN A-635/2559

J
4.2 wamIvaNUULAIUHANBR AW aNADUNIN
A
m3oenuuudIUNANLEElafAoUNTAT 4 ¥iia DONULUANNIATFIUITNMINAADY
= an o J = as Yo

ATUNNHAN N NA-N. 604/2517 “GTmsnaasueailadnounia 10835 Marshall” Taals e
¥IA3INHY Hot Bin NATUNITNARDINIAUANTAA WY 4.1.1 114214 Mix Proportion a1
M13199 4.3 Tumsiadadiuiunaaz Bin 1nssufoudlod1auionadouguauia 4 ga d1msy

J G ) o J ) o o 4 =
ueailadnounia AC 60/70, dmiuueailadnounin NRMA 5% , dimsuusailadnounia

9 o [/ 4 o [/ 4
NRMA 8% , dmSunoailadnounia NRMA 10% defmualumsesnuuuneailadnounia
Ao 4
FgazPeaaaaIlun1319n 3.3
9
1 o % a
HAN1INARDY HaNIeRNUUAIUNANLBATannDUNTAT 4 FilA 180IDEALAAY
@ ! d o

Tumanuan n agiaen1s1ei 4.6 - 4.9 TagwanisnaasegnAesniunuidoiinua uay
=\ a o Y o a v Y A A =
tanmnzauieaih lldduiumaneadiaseinlamadeusivazidoaunaasly

NARNUIN N
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By AC 60/70

Properties of Asphalt Concrete

Result Tolerant Limit

Asphalt Content (% by Mass of Aggregate) 5.0 +0.3
Marshall Density (gm./ml.) 2.407 2.400-2.413
Marshall Air Voids (%) 4.0 34-46
Void in Mineral Aggregate (%) 14.6 > 14
Void Filled with Bitumen (%) 72.6 68 -77
Marshall Stability (Ib.) 2110 > 2000
Marshall Flow (0.01”) 11 10-12
Marshall Stability / Marshall Flow (1b./0.017%) 192 > 160
Strength Index (%) 78.5 > 75
Asphalt Absorption (%) 0.27 -

A 1 4 =
f1319N 4.7 Waﬂ’]ﬁ@@ﬂllﬂﬂﬁ?umﬁul!ﬂﬁﬂﬁ@ﬂﬂuﬂﬁ@lIﬂﬂﬂl‘%} NRMA 5%

By NRMA 5%

Properties of Asphalt Concrete
Result Tolerant Limit

Asphalt Content (% by Mass of Aggregate) 5.0 +0.3
Marshall Density (gm./ml.) 2.405 2.395-2.414
Marshall Air Voids (%) 4.0 32-4.8
Void in Mineral Aggregate (%) 14.7 > 14
Void Filled with Bitumen (%) 72.8 68-78
Marshall Stability (Ib.) 2420 > 2300




A13197N 4.7 (19)
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By NRMA 5%
Properties of Asphalt Concrete Result Tolerant
Limit
Marshall Flow (0.01”) 11 10-12
Marshall Stability / Marshall Flow (1b./0.01”) 220 > 160
Strength Index (%) 77.7 >75
Asphalt Absorption (%) 0.25 -

{ 1 o =
GﬂiNﬁ 4.8 wamiaamm’umuwammaﬂamﬂammIﬂﬁﬂ%’ NAMR 8%

By NRMA 8%
Properties of Asphalt Concrete
Result Tolerant Limit
Asphalt Content (% by Mass of Aggregate) 5.0 +0.3
Marshall Density (gm./ml.) 2.410 2.401-2.418
Marshall Air Voids (%) 4.0 33-4.7
Void in Mineral Aggregate (%) 14.5 > 14
Void Filled with Bitumen (%) 72.4 68 - 76
Marshall Stability (Ib.) 2710 > 2600
Marshall Flow (0.01”) 10 9-11
Marshall Stability / Marshall Flow (1b./0.01) 271 > 160
Strength Index (%) 80.5 >75
Asphalt Absorption (%) 0.24 -

M319N 4.9 wanseenuuVdIUNduLRdladnounsa Taeld NAMR 10%

Properties of Asphalt Concrete

By NRMA 10%

Result Tolerant Limit
Asphalt Content (% by Mass of Aggregate) 5.0 +0.3
Marshall Density (gm./ml.) 2.410 2.401-2.417
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A13197 4.9 (719)

By NRMA 10%
Properties of Asphalt Concrete
Result Tolerant Limit
Marshall Air Voids (%) 4.0 33-4.7
Void in Mineral Aggregate (%) 14.5 > 14
Void Filled with Bitumen (%) 72.4 6877
Marshall Stability (Ib.) 2810 >2700
Marshall Flow (0.017) 10 9-11
Marshall Stability / Marshall Flow (1b./0.01) 281 > 160
Strength Index (%) 76.1 >75
Asphalt Absorption (%) 0.24 -

Qe a d
4.3 Naﬂ]iﬂﬂﬁﬂﬂﬂmiﬁl‘ﬂaﬂ1ﬁ]ﬁ')ﬂ§53~l‘“'€lﬂ!!f’)ﬁ‘ﬁﬁﬂﬂf’)uﬂ%ﬂ
a @ 1 @ 1 y Y P4 @ I {
mi‘wmmm]mquﬁ'aumamwﬂﬁau L‘ﬁ@i‘ﬁilﬂ"]'mlﬁll@ﬂ'lﬂellﬁ)\iﬂﬂu@')’ﬂﬂ'l\?ﬁfﬂg

) Y 1 [ vy v ' 1 A ] .
1)1 luurazmsnaaeu 39183angquioudiodne A nasvoInuUUY (Density)

HAZSATIFDITIIOIMIA (Air Void) il Inafoaiy daaaslumanuan
4.3.1 MINATOUHIAIANNMIUNIUABUTIAINIDON (Indirect Tensile Strength,
ITS)
Han1INAaeY aa;ﬂwamimaammmiumiwﬁ 4.10 51922108AAINNIA

WUIN U

A13199 4.10 HAMINATDUNIAIANUAIUNIUADLUTIAINIIDDY

AC 60/70 NRMA 5% NRMA 8% NRMA 10%

(kPa) (kPa) (kPa) (kPa)

35 111.1 130.8 290.4 271.0

43.2 MINATOUHIAMINGITAUEI (Indirect Tensile Stiffness Modulus, ITSM)
panisnaaey aydwanisnadeunaailuaiinei 4.11 1eazidenny

NARUIN A
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aaumigi AC 60/T0 NRMA 5% NRMA 8% NRMA 10%
(°C) (MPa) (MPa) (MPa) (MPa)
1 2 3 1 2 3 1 2 3 1 2 3
1,661 | 1,618 | 1,717 | 1911 | 1,919 | 1,911 | 3295 | 3,123 | 3,037 | 2,928 | 2,764 | 2,675
» AVG AVG AVG AVG
1,665 1,914 3,152 2,789
433 MISNATOUHIAIANNAIUNIUABNISYUAINUV1IS (Dynamic Creep Test,
DC)
wanisnagey aydnanisnageundailuaisiadl 4.12 s1eazideaniu
MANUIN

QWTNﬁ‘QIZWﬁﬂ1i%ﬂﬁ@lﬁhﬂ?1ﬂﬁ?ﬂﬂ1uﬂ15Qﬂﬁhﬂ1li

a RMA 59 RMA 8° RMA 109
UNIN AC 60/70 N R N 8% N 0%
cc) (u Strain) (1 Strain) (1 Strain) (n Strain)
1 2 3 1 2 3 1 2 3 1 2 3
0.4584 | 0.2137 | 0.2336 | 0.2883 | 0.1895 | 0.3308 | 0.2397 0.091 0.0850 | 0.2303 | 0.1910 | 0.1855
35

AVG AVG AVG AVG
0.3019 0.2695 0.1386 0.2023

4.3.4 MINATOLANTDLIMNMISUMSIWAZAINS 18 (Stability & Flow)

Hanisnadoy ajUnanmisnadouuandluaiinen 4.13 s1eaziveany

MARNUIN U
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Type of asphalt
Test Item
AC 60/70 NRMA

T EITTRNTRER (%) - 5.0 8.0 10.0

Asphalt Content (%) 5.0 5.0 5.0 5.0
Density (g/cm’) 2.407 2.405 2.410 2.410

Air Void (%) 4.0 4.0 4.0 4.0
Marshall Stability (Ibs.) 2,110 2,420 2,710 2,810

Flow Value (1/100”) 11 11 10 10

d (Y]
4.4 ANZHHNANITIVY

A Y/ o a A 9 [ o Jd A
nanansnadeunaantiaueailadnounsanlduoaladsmuaria AC 60/70 uay
H A
NRMA ftifsinaensssunanauludadiuiovas 5, Jooaz 8 uaz Sovay 10 Nansnagow
B2 a J a a wa
WAuaUTANNIATIUNITNARY IAgABNISuYa NsnadeuTiausTous luiesl fians
4
a Jd A ~ av v A
s nseinlSeuiounannnsate laasi
] 4 A A 9 4
MNHanIINaasdvonuuUdINHduLaailadaaunIanly AC 60/70 nazuoailad
a A a an 4
apuniaN e NRMA luilSunmdooay 5,8 uag 10 a1 Na.-n.604/2517 “I5naasauodilan
= ad v A &£ aA a [y d 4
ABUNTA 1AYAT Marshall” A9a1519% 3.8 it lumseonuuulsuunealadHiuud
(Asphalt Content) 11430802 5 Y0IUIATHANIATIV 1AL FOITOINA (Air Voids) Niovaz 4
1w os/l 1 1 v <3 ' 1 ' 1 {
AU NRMA 92 iiA1nnunuinidugandl AC 60/70 antos Sedana ldgesineignunud
[ 4 1 J J ° 1
aroupailad (VFB) 1az 19931932110 UNIAUDINIA (VMA) 499 NRMA @101 AC 60/70
<3 Y 1 o A @ A 3 A 1 o Y 4 A A
Andosyuny e Jaqieuilszauinia 2 siagei vdrunduueailannouniall
b I Y H
ANUNUILUUNINTY FBITNAINA1ITI0AA F9919 3 AAna1Ininnuuanaatios Huldn
lifinnuuanasedielitiodngy
A A ' = . Ao q Yy B =
donnsaANadosnIN (Stability) N1 1%HA 1015 Ina (Flow) i1iu Anadosnin
Y99 NRMA 4091 AC 60/70 15zanmiosaz 10 nunedavaziteudiodndessuusnagaga
k4 ]
nansidegiiiu NRMA anuainsalumsdumiuusang 1dunna1 AC 60/70 e
=1 = o v = =R ) Y 1 = [
NRMA In138ain1gdiseninNeymaniasiuan1aaseim 1nudasannd Tuvag@ediv
1 o A < AN Y A < ~ A [ Y
AawtinuLT59 (Strength Index) N1 IdvInMsnagouierinNuLIw s itndosguoion

I3 E4
ﬁi@ﬂﬁlli’)ﬁﬂﬁﬁﬂﬂﬂﬂ%ﬁ MNAINTDIAIAMNANUTIN110991nA1NFU 1A NRMA T
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1o < ' 1
AAptin LTS IgInT AC 60/70 Uszanadosas 0.7 nu1eDe NRMA 810150NUNIUAD
annzaina1 1aanin AC 60/70

9 v W [y J . 1 '
dmsudasimagaduneailaduoanIasan (Asphalt Absorption) NRMA Hia1ieandn
AC 60/70 Uszmnmioeay 14.3 ipsnindulovessnamsnzdanzogiiiuIasuuInnieg
=< g v & a st I 1w A A =
gnaadud 1) duiululsmaveafladFwudfminu NRMA dunsandoudazdams
[ Y a A =R o 4= 4 9
szrveumavlasn I lulsinaiuinni Sunlszndaneailadduudaasld
a d \ % = k4
4.4.1 INTHNANINATDUAIANINMIUMUITIAINIDN
[ A ~ [~ 1 J S
NNANITNATBUAINITIN 4.10 uaz3Un 4.1 sziuueailadaounia

a

AC 60/70 marnenaueailagniSunufosay 5.0 nadeuiigavgil 35°C snnudiuniuns

u

AAMISoUIMIAY 111.10 kPa @z NRMA Mane1amisnilsnasesas 5, fovas 8 uaz Sevay

10 TAANUEUNULTIAINIBOUA UMY 130.80 kPa, 290.40 kPa 11ag 271.0 kPa MudIeU
A o = o A = @ dy
WorwNeun LT 1wazden Adil
a 9 = Y = Y 1
e NRMA 1511218195088 5 UAIANUATUNIULIIAINIIODUFINTT AC
60/70 Uszanadesaz 19.70
a 9 = Y = Y 1
e NRMA U5pa1819508ag 8 UAIAIUATUNIULIIAINIDONGINIT AC
60/70 Yszanadooas 161.03
a 9 A Y =] Y 1
e NRMA 1518195080 10 HAINIINATUNIULTIAINIDDNGINT AC

60/70 Uszanadooay 143.92

wHUNHIUTBUMBUATAINAIUULSIRINSdaY (ITS)
350

300 290.4

271.0

250

ITS ( kpa)

150 W e ACEQITO

111 B 879 NRMA

100

50

35 35
guugi (°C)

=t 1 9 1 =2 Y
gﬂﬂ 4.1 MANNUATUNIUABDLITIANN10DN (ITS)
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Y Y 1 4 [ =< 9 J
%’]ﬂ‘U@Hallﬁﬂ@ﬁlﬁlﬂl‘quﬂ'mll@ﬁﬂa@ NRMA ﬁ’]ll’]ﬁﬂ'iﬂ!lﬁ\‘]ﬂ\‘]"lﬂil']ﬂﬂj']
AC 60/70 1H1p99INM5BAMTINUTZHINBYNIAVIATINANT

4.4.2 MIINTHNAMINATIUMINGATAUA?

~ ]

VINHANITNATDDAIAIT 19T 4.11 nazgUi 4.2 szifiudweailadnounia

a o v A 4

AC 60/70 werue19m11Nsuimdeeas 5 nadeuNgumngil 35°C Tan Tugaaauauniny

A (a Y P P A o A
1,665 kPa 1leag NRMA NﬁﬂJfJ'l\?W'li'Wl‘]JﬁJ'lmi'ﬂﬂﬂz 5,3980% 8 LIy 30¥a% 10 llﬂ'lillﬂaﬁﬂu

U

@ 1

WRAUNNY 1,914 kPa, 3,152 kPa 11ag 2,789 kPa auaa iwethuuisuiuiiseaziden

4

~
U

€

=) v

e NRMA U5mimensdesay 5 fia1 Tugaaauaininnin AC 60/70 iszuia
Fouaz 14.95
a Y S o A o 1
e NRMA U5mae13508az 8 A1 lugdaAuaIuInnd1 AC 60/70 Uszuio
fovaz 8931
e NRMA USumeniosay 10 Ha1lugaaAudauinnil AC 60/70 Uszam
$ouaz 67.51
9 Y 2 1 A gl o o o oy o Y A
nnToyataadlfifiug1 NRMA Wognininnsziiamnsasumihminediay
1 a Y A A (a 9 A |a Y
danan1da Tasaziiargannluens NRMA 1l5uadesas 8 uazazanasilSimiosas
Y 1 A~ A o va =) 4
10 taa Ivimud e limsnaue s uiel vl pequaniinvowealaddsmua AC 60/70

Pl

udreliueailaddmudilnuautianayy

urupiiFouiisuAlugdanisAudn (ITSM)
3800

3,152

3.000 2,789
2500

2,000 1,914

B ©13 ACEQITO

ITSM ( Mpa)

W 879 NRMA

35
guugil (°C)

17 4.2 M Tugaadiudd ITSM)
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d Y
4.4.3 mﬁzm1:ﬁwam‘mmramhﬂmm’fmmumsqumsmumn

) A P O o o a
VANANTNATOVAINITINN 4.12 taz3ii 4.3 sziudueailadnounia AC
60/70 merueauealadnliuadesaz 5 UAINITgUAILDUDIIT 91NAITNATOD Dynamic
Creep Test (M1 0.3019 tiag NRMA wauenamnsnlsusdoesas 5, Seeay 8 uaz 3evaz 10
LAINSUAMVUDMITIRALNINY 0.2695, 0.1386 LAz 0.2023 mud 1wy et nieunull
= % dy
510821089 Al
e NRMA 1Usmmenan1s1desas 5 IAINsguanuun1ITAIng AC 60/70
Uszanadesas 10.73
e NRMA 1imme1emsdosar 8 LA1NsguALLUN1IT_INI AC 60/70
Uszinadesas 54.09
e NRMA 15mme19m1s1seoas 10 IA1NTgUAILLUD1ITAINI AC 60/70

Uszinudosas 32.99

unupiiUIeuiBUAIAEE UM U TEURILLLUNIIS (DC)
040

035
0.3019 0.3019 03019

030
0.2695
-~ 025
g
£ 0.2023
D 02
2
o B v ACSOTE
Q o015 0.1386
B 18 NRMVA
010
095
000
35 a5 35
5o
guugi (°C)

{ 1 9 v
307 4.3 AIANNATUMUMTEUAILVUDIIT (DC)

a

< ' {
MnHanInaaey wuIediladgnounIaiinaaou Dynamic Creep Test Qi
35 C° Tag 19619 NRMA mermerawisiidsumdosas 8 Iannudiumumsguainuuning
qan91 AC 60/70 1lszanmiesa 54.09 431819 NRMA 15unadesas 5 uaz Sovaz10o fians

gUAMUUDITFINT AC 60/70 UszanmSovaz 10.73 uag 32.99 Ad 1
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Y 1 4 a A 9 A oy o o g,
Llﬁﬂﬂﬁh’imu?l"luf)ﬁﬂﬁﬁﬂﬂuﬂiﬁﬂﬁlﬂf NRMA (4990 UIHUNNTENIEIE Q10U

Y
YoeRoUAI0619AD daunananIsosuihminuazlininsgudlazanluiamadedy

Y
o

Wmiinnszii wSeaanuassaazauiosndnl AC 60/70 damalrarunauinlders NRMA
= thﬂldd? = = [ = A L= 9 o oy
URaANIANAYY Ao UANAIAIZI UANVBARIUA LAZNUAIINAININUTINTENIF)
a d J = U
4.4.4 MIIANLHHAMINATIUAUADYIMNHAZAMM T ¥
% d' d' d' = U U
VINNANITNATOUVAINITIN 4.13 JUN 4.4 uaz 31U 4.5 wanmsAnEINDI M
[ 1 I

Density, Air void, Marshall Stability ta2 1 Flow ¥84819 NRMA tag AC 60/70 Hanilu'lyl
MuNnsuNarad ldeenuuy TaoornavenadesnInmyg (Stability) Wueusy uaag

THIFiu 819 NRMA Hanadesnnianiiens AC 60/70

Fy | - ’ - -~ * -
wrugilWisuiigudnaivsnmnisivumin (Stability)
3.500

3.000 2
2,710 i

2,420

2,110
2000

W 373 ACSATO

Stability (Lbs.)

W NRAMA

75 73
No. of Blow

U 4.4 Anatosnmuesdumauuodailad (Stability)

E = 1 4 aa J 1
flﬂﬂ"l]’é]i;ljﬁﬂiﬂ/\l!ﬁﬂEliﬂ1W61J’éN’d’JuNﬁll!lﬁlﬁﬂﬁﬁl ﬂﬂﬁ@ﬂiﬂﬁl’)‘ﬁlﬂiu%a NUIN
~ a Y ) ¥ A = A '
NRMA mwaumwwﬂuﬂimmsaaaz 5,390 8 LIaE 08T 10 UANFDYTNINNUINNIYN
v o o & Y & ]
AC 60/70 ﬂi%ﬂWﬂ!i@ﬂﬁg 14.69 , 28.44 11a¥ 33.18 U1l Gﬁﬂllﬁﬂﬂi‘ﬁlﬁu31ﬂﬁﬁl%ﬂ1ﬂ
1 A A o 9/::4?' =\ = = o 3’ o
NRMA G]S’JEJLW?JﬂmﬁiJ‘]JﬁGU’E]QLLE)’GT‘WﬂGIGI,‘HWIIL!!Lagmﬁﬂﬂ‘iﬂWW’q\‘lLWUQW@1Uﬂ153Uu1ﬁuﬂ

N1393193
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uruiiisuiiisudinslva (Flow)
14

1 11 11 11
10 10
19
]
L] | 8N ACBOTO
W 79 NRMA
¢
0
75 75 75

No. of Blow

Flow (0.01")

"

517 4.5 e lvavesdrundan (Flow)

9 1 4 =l a 9

nnveyani i Wy ueailadnaounin NRMA wawenamalulsuaiesas
SO = Vv J = 1 J =)
5 imms lvaifisuminuueailaaneuning1s AC 60/70 druuediladnounine1y NRMA
nane1snUSuiniesar 8 uag Jevaz 10 Uainms Inadesniuedailadneuniners AC
9 o o Y I 1 1 A 9 ~ ]

60/70 szinmiesay 10 muday taasldimiudnaupauinldens NRMA Anauenanisiios
o { ] { 1 4
az 8 uaz Seeaz 10 Mlddanuansalunmsdumumsnlasuulasglsieidniweailad

AouUNIe Nlde19 AC 60/70
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=
unns

=X Y
agﬂwam‘mnmuazmmaummz

UA 4
5.1 ayUwamsnfSaumauaaeniimadanssuveaseaiannaunin

a va 1 4 !
namsaangvquantavesdiunanueailadaouniailders AC 60/70 uag

1 U 4 = d' 9 1Y 9 a
drunauoalannouniai 1¥e19 AC 60/70 ‘lJ3‘]J‘IJqﬁﬂﬂ!ﬂWWﬂ?ﬂﬂNWﬁ1ﬁﬁiM%1ﬁ (Natural

Rubber Modified Asphalt Cement, NRMA) Tagnisnaaouausioug ludesdjianmsaunse

Y
asnamsivelaaail

D

2)

3)

4)

o o & = a Y Y
uodladnounia NRMA inanerswisluilsumdeoas 5, Sovaz 8 uay Sooay
A 9 =2 Y ' J A A
10 TANNUATUNULIIAINNIBNUINALOTHaANDUNTANHETUN AC 60/70
o : ' Y
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dundasiziilaznsiadau NsUNerag
HOT MIX DESIGN DATA BY THE MARSHALL METHOD

TEST NO. AC - - %’u Wearing Course
PROJECT nageu HOT MIX DESIGN DATA BY THE MARSHALL METHOD
TESTED BY - TESTED DATE - X e udl - )
Mix Proportion of Hot Bin 1:2:3:4 =42:22:18:18 (By Mass) Pen. Grade AC 60/70
Avg. Sp.Gr.of Agg.And Filler (Gag.) = 2684 Sp. Gr. of AC (Gac) 1.02
Compaction , number of blows each end 75 BLOW Asphalt Absorption (x) O 27 ....... %

Lab. Samples

No. of Specimen 1 | 2 | 3 | | | | |
% AC by Mass of Agg. (a) 5.00
% AC by Mass of Mix (b) 4.76
% Eff. AC by Mass of Mix  (c) = b-x(100-b)/100 4.50
Specimen Height mm. (d) 635 | 635 | 635
DENSITY
Mass in Air gm. (e) 1247.311245.711249.0
Mass Sat. Surface Dry gm. (f) 1247.8|1246.4|1249.2
Mass in Water gm. (g) 729.4 | 728.7 | 730.5
Bulk Volume ml. (h)="fg 518.4 | 517.7 | 518.7
Bulk Density gm./ml. (i) =e/h 2.406 | 2.406 | 2.408
Average Density 2.407

VOIDS ANALYSIS

Volume AC % Total (j) = c*i/Gac 10.6
Volume Agg. % Total (k) = (100-b)*i/Gag 85.4
VMA % (L) =100k 14.6
Air Voids % (m)=1 a.0
VFB % (n) =100%/L 72.6
STABILITY
Meas lbs. 2170 | 2030 | 2130
Adjust lbs. 2170 | 2030 | 2130
Average Stability 2110
FLOW
Meas 1/100" 12 11 11
Average Flows 11

REMARKS
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Asphalt Concrete ‘i?u Wearing Course
Tasen1sa  AC 60-70
unde T Tssnunasmeaiianneuninmvossuing vion ludalay reuansady Sin deegiinu.s+000 fuwm
119 lumavaimanelay 3111 ey Unusndl - eawlan - avaur  Janfiuanuuadlsdlianan
g feglfl auhnsvany o.eBumsniesh @ as
Hot Bin 1 Hot Bin
Description Cement | Passing |Retained Total
Total Bin 2 Bin 3 Bin 4
# 200 # 200
Mix Proportion (%) - - 42 22 18 18 100
Bulk Specific Gravity = 2.662 2671 2.687 2.696 2.699 2.684
Apparent Specific Gravity 2.731 2.730 2.730 2.728 2.729 2.729 2.729
Effective Specific Gravity - - - - - - 2472
Water Absorption (%) - 0.92 - 0.56 0.45 0.41 -
Flakiness Index (%) 56 21 20 29
Elongation Index (%) 18 29 33 28
Asphalt Absorption (%) 0.27
Los Angeles Abrasion (%) [Aggregate 3/4" = 244
Soundness Aggregate 3/4" 1.0, Fine Aggregate = 3.1
Sand Equivalent (%) [Fine Aggregate = 55  ,Sand = - , Hot Bin 1 = 62
MIXTURE TOLERANT LIMIT
Asphalt Content (AC 60/70) (% by Mass of Aggregate) 5.0 +03%
Marshall Density g/ml. 2.407 2.400 - 2.413
Marshall Air Voids % 4.0 34-46
Voids in Mineral Aggregate % 14.6 >14
Voids Filled with Bitumen % 72.6 68 - 77
Marshall Stability (bs. 2110 > 2000
Marshall Flow 0.01" 11 10-12
Marshall Stability/Marshall Flow (bs./0.01" 192 > 160
Strength Index % 78.5 >75
Percent Compaction > 98 % of Daily Compaction Density
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1.8-03
#11nIATITaTASIEDY  ATUNIINAS
HOT MIX DESIGN DATA BY THE MARSHALL METHOD
TEST NO. NRMA 5% - %u Wearing Course
PROJECT nagayu HOT MIX DESIGN DATA BY THE MARSHALL METHOD
N bl
TESTED BY - TESTED DATE - inagnaFudl -
Mix Proportion of Hot Bin 1:2:3:4 =42:22:18:18 (By Mass) Pen.Grade NRMA 5%
Avg. Sp.Gr.of Agg.And Filler (Gag.) = 2684 Sp. Gr. of AC (Gac) 102
Compaction , number of blows each end 75 BLOW Asphalt Absorption (x) _0.25 %
Lab. Samples

No. of Specimen 1 | 2 | 3 | | | |
% AC by Mass of Agg. (a) 5.00
% AC by Mass of Mix (b) 4.76
% Eff. AC by Mass of Mix  (c) = b-x(100-b)/100 4.52
Specimen Height mm. (d) 635 | 635 | 635
DENSITY
Mass in Air gm. (e) 1247.3(1242.3|1243.5
Mass Sat. Surface Dry gm. (f) 1248.4|1243.5(1244.8
Mass in Water gm. (g) 729.8 | 727.0 | 728.0
Bulk Volume mL. (h)="fg 518.6 | 516.5 | 516.8
Bulk Density gm./ml. (i) =e/h 2.405 | 2.405 | 2.406

Average Density 2.405
VOIDS ANALYSIS
Volume AC % Total (j) = c*i/Gac 10.7
Volume Agg. % Total (k) = (100-b)*i/Gag 85.3
VMA % (L) =100-k 14.7
Air Voids % (m)=1j 4.0
VFB % (n) = 100%/1 72.8
STABILITY

Meas lbs. 2420 | 2450 | 2390

Adjust lbs. 2420 | 2450 | 2390

Average Stability 2420
FLOW

Meas 1/100" 11 10 11

Average Flows 11

REMARKS
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Asphalt Concrete %u Wearing Course
1A54n151  NRMA 5%
undetan . LsnunaiueailadneunsnvesdSutne vith ludalay Aaansadu $1in Regiing8+000 M
¢ Tumamaimngiay 3111 ey Unusndl - s.anlen - avaun  Tagiiuanuvadsdianfial
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Hot Bin 1 Hot Bin
Description Cement | Passing |Retained Total
Total Bin 2 Bin 3 Bin 4
# 200 # 200
Mix Proportion (%) - - 42 22 18 18 100
Bulk Specific Gravity 3 2.662 2671 2.687 2.696 2.699 2.684
Apparent Specific Gravity 2.731 2.730 2.730 2.728 2.129 2.129 2.729
Effective Specific Gravity - - - - - - 2471
Water Absorption (%) - 0.92 - 0.56 0.45 0.41 -
Flakiness Index (%) 56 21 20 29
Elongation Index (%) 18 54 33 37
Asphalt Absorption (%) 0.25
Los Angeles Abrasion (%) |Aggregate 3/4" = 24.4
Soundness Aggregate 3/4" = 1.0, Fine Aggregate = 3.1
Sand Equivalent (%) |Fine Aggregate = 55 ,Sand = - , Hot Bin 1 = 62
MIXTURE TOLERANT LIMIT
Asphalt Content (NRMA 5%) (% by Mass of Aggregate) 5.0 +03%
Marshall Density g/ml. 2.405 2.395-2414
Marshall Air Voids % 4.0 32-438
Voids in Mineral Aggregate % 147 214
Voids Filled with Bitumen % 72.8 68 - 78
Marshall Stability lbs. 2420 > 2300
Marshall Flow 0.01" 11.0 10-12
Marshall Stability/Marshall Flow (bs./0.01" 220 > 160
Strength Index % 7.7 > 75
Percent Compaction > 98 % of Daily Compaction Density
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HOT MIX DESIGN DATA BY THE MARSHALL METHOD

TEST NO. NRMA 8% - YU Wearing Course

PROJECT negoyu HOT  MIX  DESIGN  DATA _BY. THE MARSHALL METHOD

- -

TESTED BY - TESTED DATE - FogneTuit -

Mix Proportion of Hot Bin 1:2:3:4 =42:22:18:18 . (By Mass) Pen.Grade NRMA 8%

Avg. Sp.Gr.of Agg.And Filler (Gag.) =...2.684 Sp. Gr. of AC (Gac)

Compaction , number of blows each end 275 BLOW Asphalt Absorption (x)

Lab. Samples

No. of Specimen 1 | 2 | 3 | | | | |

% AC by Mass of Agg. (a) 5.00

% AC by Mass of Mix (b) a.76

% Eff. AC by Mass of Mix (c) = b-x(100-b)/100 453

Specimen Height mm. (d) 63.5 63.5 63.5

DENSITY

Mass in Air gm. (e) 1246.1(1244.911244.9

Mass Sat. Surface Dry gm. (f) 1247.6|1246.7|1246.9

Mass in Water gm. (g) 730.5 | 730.1 | 730.1

Bulk Volume ml. (h)="fg 517.1 | 516.6 | 516.8

Bulk Density gm./ml. (i) =e/h 2.410 | 2.410 | 2.409
Average Density 2.410

VOIDS ANALYSIS

Volume AC % Total (j) = c*i/Gac 10.5
Volume Agg. % Total (k) = (100-b)*i/Gag 85.5
VMA % (1) =100-k 14.5
Air Voids % (m)=1j 4.0
VFB % (n) = 100%/1 72.4
STABILITY
Meas lbs. 2760 2700 | 2680
Adjust lbs. 2760 2700 | 2680
Average Stability 2710
FLOW
Meas 1/100" 10 10 11
Average Flows 10

REMARKS
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Hot Bin 1 Hot Bin
Description Cement | Passing |Retained Total
Total Bin 2 Bin 3 Bin 4
# 200 # 200
Mix Proportion (%) 1 42 22 18 18 100
Bulk Specific Gravity 2.662 2,671 2.687 2.696 2.699 2.684
Apparent Specific Gravity 2.731 2.730 2.730 2.128 2.129 2.129 2.129
Effective Specific Gravity - - - 2477
Water Absorption (%) 0.92 - 0.56 0.45 0.41 -
Flakiness Index (%) 56 21 20 29
Elongation Index (%) 18 54 33 37
Asphalt Absorption (%) 0.24
Los Angeles Abrasion (%) |Ageregate 3/4" = 24.4
Soundness Ageregate 3/4" = 1.0, Fine Aggregate = 31
Sand Equivalent (%) |Fine Aggregate = 55 ,Sand = , Hot Bin 1 = 62
MIXTURE TOLERANT LIMIT

Asphalt Content (NRMA 8%) (% by Mass of Aggregate) 5.0 +03%
Marshall Density g/ml. 2.410 2.401-2418
Marshall Air Voids % 4.0 33-47
Voids in Mineral Aggregate % 145
Voids Filled with Bitumen % 72.4 68 - 77
Marshall Stability lbs. 2710 > 2600
Marshall Flow 0.01" 10.0 9-11
Marshall Stability/Marshall Flow (bs./0.01" 271 > 160
Strength Index % 80.5

Percent Compaction >

98 %

of Daily Compaction Density
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AUNAATITUAZATIVEDU  NTUNIINAS
HOT MIX DESIGN DATA BY THE MARSHALL METHOD
TEST NO. ___NRMA_ 10%. - %’u Wearing Course
PROJECT nagday HOT . MIX  DESIGN. DATA BY. THE MARSHALL METHOD
~ ~
TESTED BY - TESTED DATE - FaoeneTuit -
Mix Proportion of Hot Bin 1:2:3:4 =02:22:18:18  (By Mass) Pen.Grade NRMA 10%
Avg. Sp.Gr.of Agg.And Filler (Gag.) =....2.684 Sp. Gr. of AC (Gac) 104
Compaction , number of blows each end 75 BLOW Asphalt Absorption (x) . 0.24. %

Lab. Samples

No. of Specimen 1 | 2 | 3 | | | | |

% AC by Mass of Agg. (a) 5.00

% AC by Mass of Mix (b) 4.76

% Eff. AC by Mass of Mix (c) = b-x(100-b)/100 4.53

Specimen Height mm.  (d) 63.5 | 63.5 | 635

DENSITY

Mass in Air gm. (e) 1246.1(1244.9(1244.9

Mass Sat. Surface Dry gm. (f) 1247.6(1246.7(1246.9

Mass in Water gm. (¢g) 730.5 | 730.1 | 730.1

Bulk Volume ml. (h)=fg 517.1 | 516.6 | 516.8

Bulk Density gm./ml. (i) =e/h 2.410 | 2.410 | 2.409
Average Density 2.410

VOIDS ANALYSIS

Volume AC % Total (j) = c*i/Gac 10.5
Volume Agg. % Total (k) = (100-b)*i/Gag 85.5
VMA % (L) =100k 14.5
Air Voids % (m)=14 4.0
VFB % (n) = 1004/ 72.4
STABILITY
Meas bs. 2850 | 2750 | 2820
Adjust bs. 2850 [ 2750 | 2820
Average Stability 2810
FLOW
Meas 1/100" 10 10 11
Average Flows 10

REMARKS
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Asphalt Concrete %‘u Wearing Course
1a59n151  NRMA 10%
undeTag . srnunesuediladnaunioveiiuine Uit luddlay AovERSATY 1t dearlTinu.8+000 duam
¢ Tumaaimineiay 3111 ey Unusndl - s.anlen - awaun  Tagiiuanuvadsdianfial
e deaglfl nninsrany e Bumsuiesh 1 s
Hot Bin 1 Hot Bin
Description Cement | Passing |Retained Total
Total Bin 2 Bin 3 Bin 4
# 200 # 200
Mix Proportion (%) - - 42 22 18 18 100
Bulk Specific Gravity - 2.662 2.671 2.687 2.696 2.699 2.684
Apparent Specific Gravity 2.731 2.730 2.730 2.728 2.729 2.729 2.7129
Effective Specific Gravity - - - - - - 2477
Water Absorption (%) - 0.92 - 0.56 0.45 0.41 -
Flakiness Index (%) 56 21 20 29
Elongation Index (%) 18 54 33 37
Asphalt Absorption (%) 0.24
Los Angeles Abrasion (%) |Aggregate 3/4" = 20.4
Soundness Aggregate 3/4" = 1.0, Fine Aggregate = 3.1
Sand Equivalent (%) |Fine Aggregate = 55 ,Sand = - , Hot Bin 1 = 62
MIXTURE TOLERANT LIMIT
Asphalt Content (NRMA 10%) (% by Mass of Aggregate) 50 +03%
Marshall Density g/ml. 2.410 2.401 - 2417
Marshall Air Voids % 4.0 33-4.7
Voids in Mineral Aggregate % 14.5 >14
Voids Filled with Bitumen % 724 68 - 77
Marshall Stability lbs. 2810 > 2700
Marshall Flow 0.01" 10.0 9-11
Marshall Stability/Marshall Flow (bs./0.01" 281 > 160
Strength Index % 76.1 > 75

Percent Compaction >

98 %

of Daily Compaction Density
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Sufumsneaesd .... Fuiloma._-
WIVDIFEN -
wilsdod - A Suiisunisdo -
1A5IN3 naaey Indirect Tensile Strength
unaa¥an - Type.of Asphalt Cement _ AC 60-70
Determining of Indirect Tensile Strength of Bituminous Mixtures
ASTM D 6931
Specimen Details
Marshall Compactor D Gyratory Compactor |:| Field Specimens
75 No. of Blows/ End No. of Gyrations Life of Surface (year)
Specimen Condition
B/Soaked [0 Unsoaked
Specimen Number 1 2 3 Remarks
D1 101.5 101.6 101.9
Specimen Diameter , D (mm) D2 | 1020 | 1018 | 1018
D,, | 1018 | 101.7 | 1019
H1 66.4 65.2 65.4
H2 66.0 66.1 65.1
Specimen Height , H (mm) H3 65.3 65.1 65.3
Ha 65.7 65.6 65.0
Hue | 659 65.5 65.2
Dial Reading div. 25 28 26
Load, P kN 1.108 1.234 1.150
Indirect Tensile Strength (ITS) kPa 105.1 1179 110.2
Tepmperature °C 25 25 25
Average ITS (kPa) 1111
Remarks : roving ring No. 470239 Capacity = 15000 b A =9.439 C=+13
Load = (A*(Dial Reading) + €)*9.81/2204.6 kN

TS

2*P/3.14"H,,,*D,, 1000000 kPa
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SufunINAaesd ..... Fuiama._-
WIVOIIBEN -
wifsdei B Fuiisuniiade -
TAg9n13 naaay.Indirect Tensile Strength
UNATIER) 2 Type.of Asphalt Cement  NRMA 3%
Determining of Indirect Tensile Strength of Bituminous Mixtures
ASTM D 6931
Specimen Details
d!\/\arshalt Compactor |:| Gyratory Compactor |:| Field Specimens
75 No. of Blows / End No. of Gyrations Life of Surface (year)
Specimen Condition
M/Soaked |:| Unsoaked
Specimen Number 1 2 3 Remarks
D1 103.0 101.7 102.3
Specimen Diameter , D (mm) D2 102.9 101.7 102.1
Dae | 1030 | 1017 | 1022
H1 63.5 65.0 65.8
H2 63.5 64.9 65.5
Specimen Height , H (mm) H3 63.8 65.7 65.0
Ha 64.0 65.4 64.9
Hye | 637 653 65.3
Dial Reading div. 35 31 27
Load, P kN 1.528 1.360 1.192
Indirect Tensile Strength (ITS) kPa 148.3 130.4 113.7
Tepmperature °C 25 25 25
Average ITS (kPa) 130.8
Remarks : roving ring No. 470239 Capacity = 15000 b A =9439 C=+13
Load = (A*(Dial Reading) + C)*9.81/2204.6 kN

TS

2*P/3.14*H,,,D, 1000000 kPa
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1AT9n13 nagay Indirect Tensile Strength
unasdan g Type.of Asphalt Cement  NRMA 8%...
Determining of Indirect Tensile Strength of Bituminous Mixtures
ASTM D 6931
Specimen Details
marshalt Compactor |:| Gyratory Compactor |:| Field Specimens
75 No. of Blows / End No. of Gyrations Life of Surface (year)
Specimen Condition
[ soaked E/Unsoaked
Specimen Number 1 2 3 Remarks
D1 102.2 101.8 101.8
Specimen Diameter , D (mm) D2 102.0 102.0 101.6
Dae | 1021 | 1019 | 1017
H1 65.4 66.0 66.2
H2 65.8 65.6 65.8
Specimen Height , H (mm) H3 65.6 66.0 66.0
Ha 66.0 65.7 65.9
Mg |- 657 65.8 66.0
Dial Reading div. 30 30 23
Load,P kN 3.325 3.325 2.529
Indirect Tensile Strength (ITS) kPa 315.6 315.7 239.9
Tepmperature °C 35 35 35
Average ITS (kPa) 290.4
Remarks : roving ring No. 470239 Capacity = 15000 b A=2554 Cc=-19
Load = (A*(Dial Reading) + €)*9.81/2204.6 kN

TS

2*P/3.14*H,,D,,;*1000000 kPa
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wilsded - an. - Fufisumiiede -
1As9MS Neday Indirect Tensile Strength
unaedan . Type.of Asphalt Cement  NRMA 10%
Determining of Indirect Tensile Strength of Bituminous Mixtures
ASTM D 6931
Specimen Details
marshalt Compactor |:| Gyratory Compactor |:| Field Specimens
75 No. of Blows / End No. of Gyrations Life of Surface (year)
Specimen Condition
[ soaked E/Unsoaked
Specimen Number 1 2 o) Remarks
D1 102.4 102.2 103.0
Specimen Diameter , D (mm) D2 102.4 | 102.2 102.8
D, | 1024 | 1022 | 1029
H1 64.1 64.7 63.3
H2 63.9 64.9 64.4
Specimen Height , H (mm) H3 63.8 64.4 64.0
Ha 63.6 64.2 63.0
Hae | 639 64.6 63.7
Dial Reading div. 28 24 24
Load, P kN 3.098 2.643 2.643
Indirect Tensile Strength (ITS) kPa 301.4 254.9 256.7
Tepmperature °C 35 35 35
Average ITS (kPa) 271.0
Remarks : roving ring No. 470239 Capacity = 15000 b A=2554 C=-19
Load = (A*Dial Reading) + €)*9.81/2204.6 kN

TS = 2*P/3.14*H,,*D, 1000000 kPa
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1AsIN1$ nodau AC 60/70
Wvthiinaaes  Andde w3les) Suiineaes

Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures

Specimen Preparation

M/Marshalt Compactor

No. of Blows/End 75

Specimen Details and Test Parameters

Specimen Bulk Den5|2382 g/cm3

D Gyratory Compactor

No.of Gyrations ..

O

Field Specimens

Life of Surface (year)

Type of Asphalt Cement

Test Temperature C

0.35

Poisson's Ratio

Specimen Diameter  102.2 mm Test Period 5 pulses/test plane
Specimen Thickness 654 mm Target Risetime 124 ms
Specimen Condition  Soaked
Target Horizontal Deformation: 5 pum (for 4" Approx. dia. specimen)
.................... T i (for 6" Approx. dia. specimen)
Horizontal| Risetime | Horizontal Load Stiffness Adjusted
Test Force -
Stress -|(millisec. [Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (pm) Factor (MPa) (MPa)
1 0.5 45.1 122 5 0.69 1666 1688
2 0.5 452 122 5.1 0.69 1608 1634
Average Adjusted Stiffness Modulus = 1661 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation
MMarshall Compactor D Gyratory Compactor D Field Specimens
No. of Blows/End 75 No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen's Name  S-2 Test Temperature 35 C
Specimen Bulk Densi  2.382 g/cm3 Poisson's Ratio 0.35

Specimen Diameter 1022 mm Test Period 5 pulses/test plane
Specimen Thickness 654  mm Target Risetime 124 ms

Specimen Conditio

Target Horizontal Deformation: 5 pum (for 4" Approx. dia. specimen)
7 pm(for 6" Approx. dia. specimen)
Horizontal| Risetime | Horizontal Load Stiffness Adjusted
Test Force o
Stress  |(millisec. |Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (‘um) Factor (MPa) (MPa)
1 0.5 46.2 123 5.2 0.68 1695 1622
2 0.5 46.4 123 52 0.68 1689 1613
Average Adjusted Stiffness Modulus = 1618 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures

Specimen Preparation

M/Marshall Compactor |:| Gyratory Compactor |:| Field Specimens

No. of Blows / End75 No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen's Name S3 \leSt Temperatur
Specimen Bulk Den5|2382 g/cm3 Poisson's Ratio 0.35
Specimen Diameter 1022 mm Test Period 5 pulses/test plane
Specimen Thickness 654  mm Target Risetime 124 ms
Spedmen Condition g@eaked] |

Target Horizontal Deformation : 5 pm (for 4 " Approx. dia. specimen)

7 pum (for 6" Approx. dia. specimen)

Horizontal| Risetime | Horizontal Load Stiffness Adjusted
Test Force
Stress - |(millisec. |Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (um) Factor (MPa) (MPa)
1 0.5 46.8 123 52 0.68 1688 1817
2 0.5 46.3 125 5.2 0.69 1870 1617
Average Adjusted Stiffness Modulus = 1717 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation

M/Marshall Compactor D Gyratory Compactor D Field Specimens

No.of Blows/End 75 No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen’s Name Test Temperature 35 °C
Specimen Bulk Densi 2382 g/cm3 Poisson's Ratio 0.35
Specimen Diameter 1022 mm Test Period 5 pulses/test plane
Specimen Thicknes: _mm Target Risetime 124 ms
Spedmen Condition wgBbaked \
Target Horizontal Deformation: o pm (for 4 " Approx. dia. specimen)
pum (for 6" Approx. dia. specimen)
Horizontal | Risetime | Horizontal Load Stiffness Adjusted
Test Force -
Stress - |(millisec. |Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (um) Factor (MPa) (MPa)
1 0.5 431 132 5 0.69 1862 1891
2 0.5 46.2 122 5.1 0.69 1902 1931
Average Adjusted Stiffness Modulus = 1911 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation

MMarshalL Compactor D Gyratory Compactor D Field Specimens
No.of Blows/End 75 .~ No.ofGyations .. Life of Surface (year) .

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen's Name ..%2..... Test Temperature .32 C
Specimen Bulk Densi  2.382 g/cm3 Poisson's Ratio 0.35
Specimen Diameter 1022 mm Test Period 5 pulses/test plane
Specimen Thickness 654  mm Target Risetime 124 ms
Specimen Condition _ Soaked

Target Horizontal Deformation : 5 pm (for 4 " Approx. dia. specimen)

7 um(for 6" Approx. dia. specimen)

Horizontal | Risetime | Horizontal Load Stiffness Adjusted
Test Force -
Stress | (millisec. |Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (um) Factor (MPa) (MPa)
1 0.5 a6.4 123 52 0.68 1895 1922
2 0.5 46.7 121 52 0.68 1889 1915
Average Adjusted Stiffness Modulus = 1919 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation

M/Marshall Compactor EI Gyratory Compactor EI Field Specimens

No. of Blows/ End No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen's Name S35 Uik Temperature | 35 C
Specimen Bulk Densi  2.382 g/cm3 Poisson's Ratio 0.35
Specimen Diameter  102.2  mm Test Period 5 pulses/test plane
Specimen Thickness 654  mm Target Risetime 124 ms
Specimen Condition gggBbakeg \

Target Horizontal Deformation : 5 pm (for 4" Approx. dia. specimen)

pum (for 6" Approx. dia. specimen)

Horizontal | Risetime | Horizontal Load Stiffness Adjusted
Test Force o
Stress - |(millisec. [Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (um) Factor (MPa) (MPa)
1 0.5 46.8 123 52 0.68 1887 1914
2 0.5 46.3 125 52 0.69 1880 1908
Average Adjusted Stiffness Modulus = 1911 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation
M/Marshall Compactor D Gyratory Compactor D Field Specimens
No.of Blows/End 75 =~ No.ofGymations . Life of Surface (yean) .

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen's Name 51 . Test Temperatur
Specimen Bulk Densi 2382 g/cm3 Poisson's Ratio 0.35
Specimen Diameter 1022  mm Test Period 5 pulses/test plane
Specimen Thickness 654  mm Target Risetime 124 ms
Specimen Condition - Soaked |

Target Horizontal Deformation : 5 pm (for 4" Approx. dia. specimen)

7 pm (for 6 " Approx. dia. specimen)

Horizontal | Risetime | Horizontal Load Stiffness Adjusted
Test Force -
Stress - |(millisec. [Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (um) Factor (MPa) (MPa)
1 1.8 170.3 123 52 0.65 3275 3364
2 1.7 159.5 126 5.1 0.65 3140 3225
Average Adjusted Stiffness Modulus = 3295 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation

M/Marshall Compactor D Gyratory Compactor D Field Specimens
No. of Blows/End 75 No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen's Name 52 . Test Temperature 35 .°C
Specimen Bulk Densi 2382 g/cm3 Poisson's Ratio 0.35

Specimen Diameter 1022 mm Test Period___ 5 pulses/test plane
Specimen Thickness 654  mm Target Risetime 124 ms

Specimen Conditio

Target Horizontal Deformation: 5 um (for 4" Approx. dia. specimen)
W - pm (for 6" Approx. dia. specimen)
Horizontal| Risetime | Horizontal Load Stiffness Adjusted
Test Force .
Stress - |(millisec. |Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (‘um) Factor (MPa) (MPa)
1 1.6 156.9 123 5.1 0.65 3067 3151
2 1.6 154 124 5.1 0.65 3009 3094
Average Adjusted Stiffness Modulus = 3123 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation
MMarshalt Compactor D Gyratory Compactor D Field Specimens
No. of Blows/End 75 No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen’s Narme 53 . Test Temperature 35 ..°C
Specimen Bulk Densi  2.382 g/cm3 Poisson's Ratio 0.35
Specimen Diameter 1022  mm Test Period 5 pulses/test plane
Specimen Thickness 654  mm Target Risetime 124 ms
Spedmen Condition gheakell |

Target Horizontal Deformation: 5 um (for 4 " Approx. dia. specimen)

7 um (for 6 " Approx. dia. specimen)

Horizontal| Risetime | Horizontal Load Stiffness Adjusted
Test Force .
Stress - |(millisec. |Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (um) Factor (MPa) (MPa)
1 1.6 1495 123 5 0.66 2983 3071
2 1.6 148.4 125 5.1 0.66 2910 3002
Average Adjusted Stiffness Modulus = 3037 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures

Specimen Preparation

M/Marshall Compactor D Gyratory Compactor D Field Specimens

No.of Blows/End 75 No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen Details and Test Parameters
Specimen's Name ~ S-1 Test Temperature 35 °C

Specimen Bulk Densi 2382 g/cm3 Poisson's Ratio 0.35

Specimen Diamete

_mm Test Period 5 pulses/test plane

Specimen Thickness ~ 65.1  mm Target Risetime 124 ms

Specimen Condition Soaked

Target Horizontal Deformation: 5 um (for 4 " Approx. dia. specimen)
Xl X pm (for 6" Approx. dia. specimen)
Horizontal| Risetime | Horizontal Load Stiffness Adjusted
Test Force .
Stress | (millisec. [Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (um) Factor (MPa) (MPa)
1 1.6 148.7 124 5.1 0.65 2917 2998
2 15 142 123 5.1 0.66 2774 2857
Average Adjusted Stiffness Modulus = 2928 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation

MMarshaLl Compactor D Gyratory Compactor D Field Specimens

No. of Blows/End 75 No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen's Nme __ $2 Test Temperatwe 35 C
Specimen Bulk Densi  2.382 g/cm3 Poisson's Ratio 0.35

Specimen Diameter 1022 mm Test Period 5 pulses/test plane
Specimen Thickness ~ 65.1  mm Target Risetime 124 ms

Specimen Condition Soaked

Target Horizontal Deformation : 5 pm (for 4 " Approx. dia. specimen)

7 um (for 6 " Approx. dia. specimen)

Horizontal| Risetime | Horizontal Load Stiffness Adjusted
Test Force Y«
Stress | (millisec. |Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (um) Factor (MPa) (MPa)
1 14 138.5 123 5.1 0.65 2720 2795
2 14 134.4 124 5 0.66 2652 2733
Average Adjusted Stiffness Modulus = 2764 MPa

Remarks :
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Determination of the Indirect Tensile Stiffness Modulus of Bituminous Mixtures
Specimen Preparation
M/Marshall Compactor D Gyratory Compactor D Field Specimens
No.of Blows/End 75 No. of Gyrations Life of Surface (year)

Type of Asphalt Cement

Specimen Details and Test Parameters

Specimen's Name &3 . Test Temperature 35 °C
Specimen Bulk Densi  2.382 g/cm3 Poisson's Ratio 0.35
Specimen Diameter 1022 mm Test Period 5 pulses/test plane
Specimen Thickness ~ 65.1  mm Target Risetime 124 ms
Specimen Condition ggF30akef \

Target Horizontal Deformation: 5 um (for 4 " Approx. dia. specimen)

7 pm(for 6" Approx. dia. specimen)

Horizontal| Risetime | Horizontal Load Stiffness Adjusted
Test Force .
Stress | (millisec. |Deformation -area Modulus Stiffness
Plane (kN)
(kPa) ) (pm) Factor (MPa) (MPa)
1 1.4 133.2 124 5.1 0.66 2605 2685
2 1.4 131.1 123 5 0.66 2587 2664
Average Adjusted Stiffness Modulus = 2675 MPa

Remarks :
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REPEATED LOAD AXIAL TEST

Specimen Name No. 1 Test Temperature 35 deg.C
Specimen Bulk Density 2.382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 65 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 119.7 0.4836 357 33.3
20 120.8 0.5128 35.6 33.6
30 119.5 0.5371 3987 33.8
40 120.1 0.5567 35.6 342
50 119.9 0.5696 35.6 344
60 120.1 0.5831 35.7 34.7
70 120.0 0.5969 35.6 349
80 119.5 0.6068 35.6 35.1
100 119.8 0.6146 355 354
200 120.0 0.6744 355 36.6
300 119.9 0.7053 35.6 36.6
400 120.2 0.7284 35.6 359
500 120.3 0.7483 35.8 353
600 119.6 0.7635 35.8 349
700 120.7 0.7765 35.8 34.6
800 120.1 0.7887 35.8 34.6
900 120.6 0.7985 35.7 349
1000 119.9 0.8076 35.7 35.1
1100 120.1 0.8155 35.7 353
1200 120.9 0.8227 35.6 352
1300 119.9 0.8290 35.7 352
1400 119.7 0.8360 35.6 353
1500 120.1 0.8414 35.6 354
1600 119.4 0.8476 35.7 352
1700 119.9 0.8526 35.8 352
1800 119.7 0.8561 35.7 352
1800 200.0 1.2832 43.9 40.8
Strain During Conditioning Period (%) 0.4584

Remarks :
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REPEATED LOAD AXIAL TEST

Specimen Name No. 2 Test Temperature 35 deg.C
Specimen Bulk Density 2382 gnm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 64 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 120.2 0.5571 35.7 33.6
20 120.1 0.5956 35.8 33.8
30 119.1 0.6248 35.8 34.0
40 120.2 0.6472 358 343
50 119.4 0.6650 35.7 345
60 119.7 0.6801 35.7 34.7
70 119.8 0.6952 35.7 349
80 119.6 0.7062 35.7 352
100 119.9 0.7175 35.7 354
200 120.7 0.7909 35.6 36.3
300 119.7 0.8342 35.6 36.4
400 120.0 0.8637 358 359
500 119.7 0.8877 35.8 353
600 119.5 0.9048 359 349
700 120.6 0.9199 35.8 34.7
800 119.9 0.9329 359 34.8
900 1193 0.9432 35.8 35.0
1000 120.4 0.9530 358 35.1
1100 119.6 0.9623 35.7 35.1
1200 119.7 0.9689 357 35.1
1300 119.3 0.9767 35.7 35.1
1400 120.1 0.9832 35.7 352
1500 120.2 0.9885 357 352
1600 119.7 0.9945 35.7 352
1700 119.7 0.9989 35.8 352
1800 119.2 1.0057 358 35.1
1800 200.0 1.2832 43.9 40.8
Strain During Conditioning Period (%) 0.2137

Remarks :
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REPEATED LOAD AXIAL TEST

Specimen Name No. 2 Test Temperature 35 deg.C
Specimen Bulk Density 2382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 64 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 120.3 0.5560 35.6 33.6
20 120.2 0.5968 35.7 33.7
30 118.7 0.6236 35.8 339
40 120.2 0.6466 35.8 343
50 118.9 0.6663 35.8 344
60 119.9 0.6815 35.8 34.6
70 120.3 0.6952 35.6 34.8
80 119.6 0.7048 35.6 352
100 120.3 0.7161 35.6 354
200 120.3 0.7909 355 36.3
300 119.6 0.8342 35.5 36.3
400 120.0 0.8646 359 36.0
500 120.1 0.8877 359 352
600 119.7 0.9030 35.8 349
700 121.0 0.9181 35.8 347
800 119.5 0.9338 359 34.8
900 119.4 0.9432 35.8 35.1
1000 120.0 0.9540 35.8 352
1100 120.1 0.9613 35.6 35.1
1200 119.7 0.9708 35.8 352
1300 119.3 0.9757 357 35.0
1400 120.2 0.9832 356 35.1
1500 120.3 0.9895 357 353
1600 119.8 0.9965 357 353
1700 119.8 1.0009 35.7 35.1
1800 119.6 1.0057 35.7 352
1800 200.4 1.2819 44.1 40.8
Strain During Conditioning Period (%) 0.2336

Remarks :




HANI30BNILLHIAIAINAIUMUADNSEUAINIS TelHens NRMA 5%

ﬁ’1ﬁﬂ3!ﬂi1$ﬁ!!ﬂ$ﬂi?%ﬁﬂﬂ NINNTHIAI

v W o

uAUNAaIN AC- uNnAae9 -

99

TAsamsq__NAA91 REPEATED LOAD AXIAL TEST

wiladofi__ - SulSunifade -
e sfieds - rHag NRMA 5%
REPEATED LOAD AXIAL TEST
Specimen Name No. 1 Test Temperature 35 deg.C
Specimen Bulk Density 2.382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 65 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 119.8 0.5422 35.7 349
20 120.0 0.5840 35.6 35.0
30 119.7 0.6147 35.7 352
40 120.4 0.6378 35.6 354
50 120.0 0.6579 35.6 35.6
60 120.5 0.6735 35.7 35.7
70 119.8 0.6868 35.6 36.0
80 120.0 0.7013 35.6 36.0
100 119.8 0.7122 35.6 36.1
200 120.6 0.7886 35.6 36.5
300 119.9 0.8266 35.7 36.2
400 120.1 0.8545 359 355
500 120.1 0.8726 359 35.1
600 120.7 0.8888 36.0 34.7
700 119.8 0.9010 359 34.8
800 120.3 0.9121 359 35.0
900 121.1 0.9193 35.8 352
1000 119.3 0.9277 35.8 35.4
1100 120.1 0.9324 35.7 35.4
1200 120.3 0.9402 35.8 35.4
1300 120.2 0.9440 359 353
1400 120.0 0.9484 35.8 352
1500 120.5 0.9543 35.8 352
1600 119.7 0.9582 35.8 35.2
1700 119.2 0.9617 35.7 35.1
1800 119.6 0.9667 35.8 35.2
1800 198.1 1.3307 43.7 40.6
Strain During Conditioning Period (%) 0.2883

Remarks :
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Specimen Name No. 2 Test Temperature 35 deg.C
Specimen Bulk Density 2.382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 65 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 120.5 0.5034 36.4 33.7
20 119.9 0.5380 36.3 33.7
30 120.0 0.5628 36.4 33.7
40 119.9 0.5811 36.4 33.7
50 120.2 0.5958 36.5 33.7
60 120.9 0.6088 36.4 33.6
70 120.2 0.6182 36.4 33.6
80 120.2 0.6275 36.5 33.6
100 120.1 0.6360 36.4 334
200 119.2 0.6874 36.3 335
300 120.3 0.7148 36.0 34.0
400 120.0 0.7315 359 345
500 119.3 0.7432 35.8 35.0
600 120.2 0.7531 35.6 353
700 120.5 0.7615 35.6 353
800 120.0 0.7676 35.6 353
900 120.0 0.7745 35.6 35.1
1000 120.7 0.7784 35.6 35.0
1100 119.8 0.7828 35.6 349
1200 120.0 0.7872 35.6 349
1300 120.1 0.7905 35.6 349
1400 119.5 0.7918 35.6 349
1500 119.9 0.7949 355 349
1600 120.1 0.7955 355 35.0
1700 120.4 0.7994 355 349
1800 120.0 0.8008 355 35.0
1800 200.0 1.2832 43.9 40.8
Strain During Conditioning Period (%) 0.1895

Remarks :
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Specimen Name No. 3 Test Temperature 35 deg.C
Specimen Bulk Density 2.382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 65 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 119.8 0.9194 35.6 339
20 120.5 0.9679 35.6 34.1
30 119.5 1.0028 35.6 344
40 120.7 1.0303 35.6 34.6
50 120.4 1.0517 35.6 34.6
60 119.8 1.0697 35.6 349
70 120.9 1.0829 35.5 35.1
80 119.9 1.0970 35.6 352
100 119.9 1.1091 35.6 354
200 119.8 1.1816 35.6 36.2
300 119.7 1.2207 35.6 36.2
400 119.9 1.2441 35.7 35.7
500 120.1 1.2630 35.7 352
600 119.9 1.2788 35.8 349
700 120.6 1.2913 35.8 34.8
800 119.6 1.2998 35.7 347
900 119.7 1.3086 35.7 349
1000 120.5 1.3148 35.7 352
1100 120.3 1.3210 35.6 353
1200 120.2 1.3282 35.7 352
1300 120.5 1.3327 35.7 353
1400 119.2 1.3375 35.7 352
1500 120.3 1.3427 35.7 352
1600 120.4 1.3465 35.6 353
1700 119.9 1.3500 35.8 352
1800 120.7 1.3551 35.7 352
1800 200.0 1.2832 439 40.8
Strain During Conditioning Period (%) 0.3308

Remarks :
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REPEATED LOAD AXIAL TEST

Specimen Name No. 1 Test Temperature 35 deg.C
Specimen Bulk Density 2.382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 66 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 120.2 0.5101 35.7 329
20 120.1 0.5265 35.7 332
30 119.9 0.5408 357 33.6
40 119.7 0.5498 35.7 34.0
50 120.5 0.5597 35.6 343
60 119.5 0.5666 35.6 34.6
70 120.2 0.5738 35.6 34.8
80 118.9 0.5779 35.6 352
100 120.4 0.5848 355 355
200 120.1 0.6240 355 372
300 119.3 0.6506 35.6 374
400 120.0 0.6691 35.6 36.5
500 119.5 0.6892 359 35.6
600 119.7 0.7043 359 34.8
700 120.3 0.7179 36.1 345
800 120.0 0.7286 359 345
900 119.8 0.7398 358 34.8
1000 119.5 0.7473 35.7 35.0
1100 119.9 0.7573 35.7 353
1200 119.9 0.7633 35.7 354
1300 120.7 0.7700 357 354
1400 119.5 0.7757 35.6 354
1500 119.4 0.7822 35.7 354
1600 119.8 0.7870 357 352
1700 120.0 0.7925 35.7 35.1
1800 119.8 0.7962 35.7 35.0
1800 200.0 1.2832 43.9 40.8
Strain During Conditioning Period (%) 0.2397

Remarks :
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REPEATED LOAD AXIAL TEST

Specimen Name No. 2 Test Temperature 35 deg.C
Specimen Bulk Density 2.382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 65 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 121.3 0.6553 35.6 30.6
20 120.0 0.6827 35.6 312
30 119.7 0.7009 35.6 31.8
40 120.5 0.7159 35.6 323
50 119.3 0.7265 354 329
60 119.3 0.7373 355 334
70 119.7 0.7475 354 339
80 120.7 0.7541 354 343
100 120.0 0.7609 353 347
200 120.3 0.8089 35.1 375
300 120.7 0.8366 35.1 38.0
400 120.4 0.8575 352 374
500 120.1 0.8733 355 36.0
600 120.9 0.8869 357 34.8
700 120.7 0.8995 357 343
800 120.6 0.9097 35.9 343
900 120.3 0.9188 357 345
1000 119.8 0.9251 357 349
1100 119.8 0.9338 355 353
1200 119.5 0.9398 35.6 35.5
1300 119.6 0.9447 35.6 355
1400 120.7 0.9496 35.6 353
1500 1199 0.9568 357 353
1600 120.3 0.9615 35.6 35.1
1700 120.3 0.9643 357 35.1
1800 119.9 0.9700 357 352
1800 200.0 1.2832 43.9 40.8
Strain During Conditioning Period (%) 0.0910

Remarks :
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REPEATED LOAD AXIAL TEST

Specimen Name No. 3 Test Temperature 35 deg.C
Specimen Bulk Density 2.382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 65 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 119.5 0.2886 385 34.8
20 120.1 0.3104 38.6 34.8
30 121.0 0.3270 38.6 347
40 119.6 0.3412 38.6 34.6
50 119.3 0.3531 38.6 34.6
60 119.5 0.3600 38.6 34.6
70 120.5 0.3688 38.6 34.5
80 120.9 0.3776 38.6 34.5
100 120.1 0.3842 38.5 345
200 120.6 0.4270 38.3 34.1
300 120.2 0.4518 38.0 34.0
400 120.0 0.4703 37.6 342
500 120.7 0.4831 37.3 34.5
600 120.2 0.4935 37.1 35.0
700 119.8 0.5018 36.9 352
800 120.1 0.5080 36.8 352
900 120.3 0.5144 36.7 352
1000 120.6 0.5189 36.6 35.1
1100 119.9 0.5232 36.4 35.0
1200 119.8 0.5276 36.3 349
1300 120.5 0.5323 36.3 34.8
1400 119.9 0.5367 36.2 34.9
1500 119.6 0.5396 36.1 349
1600 119.5 0.5428 36.0 349
1700 119.9 0.5450 36.0 34.9
1800 119.5 0.5476 359 34.8
1800 200.0 1.2832 43.9 40.8
Strain During Conditioning Period (%) 0.085

Remarks :
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Specimen Name No. 1 Test Temperature 35 deg.C
Specimen Bulk Density 2382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 66 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 120.4 0.5098 359 32.8
20 119.9 0.5265 35.8 33.0
30 119.9 0.5407 35.6 334
40 119.7 0.5496 359 34.0
50 120.7 0.5593 35.4 342
60 119.4 0.5664 35.6 34.5
70 120.2 0.5736 355 34.6
80 118.8 0.5784 354 35.1
100 120.3 0.5852 353 35.7
200 120.2 0.6238 354 37.0
300 119.5 0.6501 35.6 373
400 119.9 0.6692 355 36.7
500 119.4 0.6888 36.1 35.6
600 119.7 0.7041 359 34.6
700 120.4 0.7177 359 34.5
800 120.2 0.7290 359 344
900 119.8 0.7396 35.9 35.0
1000 119.5 0.7469 359 352
1100 119.6 0.7570 359 352
1200 120.0 0.7637 359 35.6
1300 120.4 0.7698 355 35.5
1400 119.5 0.7760 35.4 35.6
1500 119.7 0.7823 35.6 35.6
1600 119.8 0.7873 35.6 353
1700 119.8 0.7920 35.7 35.1
1800 119.9 0.7964 35.6 35.1
1800 199.7 1.2829 43.9 41.0
Strain During Conditioning Period (%) 0.2303

Remarks :
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Specimen Name No. 2 Test Temperature 35 deg.C
Specimen Bulk Density 2382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 65 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 120.5 0.5096 359 32.7
20 120.0 0.5269 36.0 33.1
30 119.7 0.5405 35.6 33.6
40 119.5 0.5498 35.7 342
50 120.8 0.5591 352 34.0
60 119.4 0.5659 354 344
70 120.5 0.5731 35.7 345
80 118.7 0.5785 35.6 353
100 120.3 0.5851 35.3 359
200 120.2 0.6234 35.5 36.8
300 119.4 0.6502 35.7 373
400 120.1 0.6687 354 36.5
500 119.6 0.6885 36.3 35.6
600 119.4 0.7038 359 34.8
700 120.6 0.7176 36.0 34.5
800 120.1 0.7292 35.8 344
900 119.5 0.7401 35.8 35.0
1000 119.2 0.7469 359 354
1100 119.5 0.7566 36.1 353
1200 119.9 0.7636 36.1 35.6
1300 120.4 0.7701 353 35.4
1400 119.3 0.7762 353 357
1500 119.8 0.7822 35.6 35.6
1600 119.8 0.7869 35.7 353
1700 120.1 0.7917 35.5 349
1800 119.9 0.7969 35.6 35.0
1800 199.9 1.2827 43.7 40.9
Strain During Conditioning Period (%) 0.191

Remarks :
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REPEATED LOAD AXIAL TEST

Specimen Name No. 3 Test Temperature 35 deg.C
Specimen Bulk Density 2382 gm/ml Conditioning Stress 30 kPa
Specimen Diameter 102 mm Conditioning Period 30 seconds
Specimen Thickness 65 mm Test Stress 120 kPa
Test Period 1800 pulses
Pulse No. Stress (kPa) Strain (%) Temp.1 Temp.2 Remarks
10 120.6 0.5095 35.8 329
20 120.0 0.5264 35.7 32.8
30 119.9 0.5404 35.4 334
40 119.5 0.5498 35.8 339
50 120.7 0.5590 35.6 34.1
60 119.4 0.5663 35.7 34.7
70 120.5 0.5737 353 34.5
80 118.8 0.5783 352 35.1
100 120.1 0.5852 355 359
200 120.0 0.6241 353 37.0
300 119.7 0.6498 35.8 374
400 120.1 0.6687 354 36.5
500 119.2 0.6891 36.3 354
600 119.8 0.7036 35.8 34.6
700 120.1 0.7172 359 34.7
800 120.2 0.7287 35.7 34.4
900 119.8 0.7398 36.1 35.1
1000 119.2 0.7473 36.0 352
1100 119.5 0.7567 35.8 354
1200 120.0 0.7641 36.1 35.7
1300 120.1 0.7699 35.6 355
1400 119.2 0.7761 353 355
1500 119.4 0.7828 35.6 35.6
1600 119.9 0.7877 35.7 354
1700 119.9 0.7924 359 349
1800 120.1 0.7962 357 35.1
1800 199.8 1.2832 43.7 41.1
Strain During Conditioning Period (%) 0.1855

Remarks :
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