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mTaf 2.1 uamﬁeﬂ%mmgwn'nﬁ‘lﬂun'\mfuxh;oﬁumw‘ﬁn (U.S. Air Force, 1966)

APPROXIMATE LIME CONTENTS

Approximate treatment,

Soil type  percent by soil weight

Hydrated Lime Quicklime

Clayey sravels (GC, _
Silty clays (CL) (A-€
Clays (CH) (A-6, A :

AU INENTNYINS
RIANTIUNRIINGAY
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a ¢ & . )
1790 2.2 n1TUTELIumuudenTa1ae35 - Unconfined Compressive Strength (Thomson, 1968)

TENTATIVE LIME-SOIL MIXTURE COMPRESSIVE STRENGTH REQUIREMENTS

Strength Requirements for Various
Anticipated Series Conditions (b)
Cycl"ic Freeze—Thaw (e)
Anticlpated Use Residual Strength . Extended (Bday) Sooking 3 Cycles 7 Cycles 10 Cycles
Requirement, psi (a) (psl) (psl) (psl) (psl)

Modifed Subgrade 50 50 120
50%
Subbase
Rigid Pavement 50 90 120
50%
Flexible Pavement
Thickness of Cover (c) 19@
10 inches 60 . 60% 130
110
8 inches 70 75% 140
130
5 inches 90 100% 160
170
130 150% 200

Base

b) Stergth required at taginatio o ¢ suring (foﬁ

con struction) to provide %;lequata residual st.ernst.h.

: I;'.Z“’;’ZIZ’"ZT;FWH" NI

requirements appl if cemented mat.ari*s are used e eourses.

P ARSI ENTANI A

during the winter of service.
¥Note: Freeze-thaw strength losses basgd on 10 psi/cycle for 7
cycle value indicated by ahd which were based on ' a perviously

established regression. equation.
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Sieve Size : Limits

Passing 1} A > 55 Percent

Pass o, > 35 Percent
> 25 Percent

> 25 Percent
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‘CEMENT REQUTREMENTS FOR VARIOUS SOLLS

Usual Range Estimated Cement ‘contents

cement centent for wet.-_dry and
that used freeze—thaw

isture— tests, percent
AASHO Soil Unified Soi ty test, Dby weight

Classification Classification

A-1-a '~ CW,CP,CM,SH : 3-5 3-5-7

SP,SM
A-1-B CM, SM, SP B Eatart W 4-6-8
A-2 CM, SM,SC 4 g5 3E , iseTeg
A-3 Sp z l 7-5-11
A-4 CL,ML r 8-10-12
A-5 ML, MH, R | 8-10-12
A-6 CL.CH ' 10-12-14
A-7 OH, MH, CH -,‘ 10-14  10-16 : 11-13-15
*¥based on corelatncnﬂ-uﬂg Q % g‘m % w Ej’] ﬂ i
¥#for most A homzu soils the c should be mcreased

T AWIAND GBI N TR Y

~(Portland Cement Association, 1970)



Maierlal ) : .
Materlal , small ) |
retalned on th ' ¢
No. 4 slevs, 0.05 mm 1 cufl. i : :
- per cent _____percoen (] 125-129 130 or more !
. 0-19 4 .6 i 5 i
0-14 20-39 7 ; 5 ; 5 i
40-50 8 6 5
: 0-19 6. " g 5 ‘
15-29 j 20-39 .6 6 5 .
U he0-5D 8 7 6 i
0-19 6 oL 58
3045 20-39 7 é 5
40-50 9 8 6

aT9f 2.6 ﬁ'immﬂﬁtuumnﬂfmﬂ

(Portland Cement Association, 1?0

ﬂumwﬂmwmm
QW%NT]‘?EIJ SJW]'W]EIW&I 4 o
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n
Material 1 per conl by wt.
belween ’
0.05 mm. ‘

AASHO and aximum per cu.h. : ;
group 0.005 mm,, ; . s
index per cent 90-94 95— -10 110-114 115-119 120 or more

0-19 12 8 7 7
20-39 12 1 _ 8 8 4%
0- 3 40-59 13 i v 8 8
60 or more c- — _— — ¥ —
0-19 13 i 8 7 7
20-39 13 -2 o 9 ] 8
4 7 49 59 14 10 9 8
60 or mare 15 | 10 9 9
. 0-19 14 1 {ﬁu B 9 -8 8
¥ 20-39 15 Efﬂ 9 9 9
8-11 40--59 16 g 10 10 9
60 or more 17 15 A 10 10 10
0-19 15 1 Jﬂ" ik 1 9 9
20-39 16 b, 12 " 10 10
12-15 40-59 17 16 = 12 12 1" 10
60 or more 18 16 - 12 1" 1"
0-19 17 16 3 12 1B] 10
20-39 18 17 4 2 13 0 "
16-20 ~ 40-59 19 1 ; 14 12 12
60 or “aore 20 -14 13 12

teg o . bl z : n_ ‘“. 7 f}ﬁ. R b i ‘ ) 7
M1T9N 2.7 ﬂ'smm\]u'uwunnﬂmﬂ;ﬁuulﬂﬁg)W W%&m\ﬂﬁ Cement Association, 1970)
U SR _

y

—
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ﬂ' i .p " o
f1779M 2.8 @1 Unconfined Compressive Strength zoefuT Lunun 7 Juuar 28 'y

RANGES OF UNCONFINED COMPRESSIVE STRENGTHS OF SOIL-CEMENT

wet Comperessive Strength (psi)

Soil 7- Day 28-Day
Sandy and gravelly
AASHO groups A-1,
Un fied groups .
SW,sc,SP,SF 3 490-1,000
Silty soils:
AASHO gfoups‘v ;
Unified ggroup 300 - 900
Clayey soilst
AASHO g%oups A-6 ar
Unified groups MH and.CH. 2500-600
sl "
“Specimens moist cu-ef 'r‘ n water _prior; to

strength testing.

AUEINENINYINS
PANIUNMINGAY
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20 —

pet C.lﬂl
8

20

Matgriol smoller thun VOd mm °
Moieriol retoined on Mo 9 sieve - per et

engths required_‘
i ST S0 'ures gontaining material |
etained on the No. 4 sieve.* :

«
ﬂUEJ’JVIEJVIiWEJ’]ﬂ‘a’
Strength THuATY
q\W a%ﬂj wmﬁiﬂﬂﬁui uasﬂ‘%mmwaa‘s‘mﬁﬁ
quinLanndn 2.05 SaRLmT
(Part Yand Caiverit Adsoietih, 4870 :
¢
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v (=3 kL3 o ‘ . - -
2440 n'\sﬂmﬂi‘mu‘iﬂﬂ‘lwaawam (Asphalt Stabilization)

[ nwﬂ%’uﬂ‘;e?\uﬁw’iaquaaﬁas‘l ot 14 tﬁu"ias‘\ﬁumo (Base
Course) WAYEIMY (Surface Course) o snunivléin fuffamusnarafuan
'nnnu'lu’\‘l'x‘f‘lumuﬂiuﬂwﬂu S&qafu 3 %iin A0 Asphalt Cement, Cutback Asphalt
WA Emulsified Asphalt uan’-z’mu 'zacmu (Soil) M508IRTIN (Agsregate) 'n

aeiwﬂ%’lumuﬁ Lﬁa’lﬁxﬁﬂﬂwﬁnﬁuanﬁ aecntfhmawnwnvuqummamaﬂ‘smm‘lu

-

Simews  Winterkorn S’ ‘ ' aza'{ﬂ'nu'm'naemaﬁu?\mmeau‘lumi
fhanufus séhauoailad,_HeRas n neaniu The American Road

Builder‘®’

gem1T19f 2.10 Institute”’ fedreu

4 Rendoefiuenuia 77u'ﬁa:“1a'naem?ﬂ¥uﬂﬁ;o?xuﬁ'm
\ Asphalt ;ﬁa‘lﬁ‘l
\ ALUATUNT ST UM LAY
i 200 ‘iRufenar 25
Inc. of Ockland,
N California, uagcx Company .Wwanwnnaaa‘t’%ﬂﬁwﬂﬁeudﬁe‘lﬁ
4 JouandnefiiifAl  SehdsEquivalent amm‘lum'lﬂm 30 uavA1  ligquid Limit
ﬁao‘hit'f’mq u&L’lm an\jawaq ﬂ ﬁmﬂm 2.11  Taga7l
ey
gﬂﬁ mlﬂ :]\qlwnﬂlamalaﬂ Feldunfu
uu-wm A-1-a, A-1-b, A-2-4, A-2-6, A3, A4 URt low plastlcﬁ:.y A6 Ny
AUl TEaRuYDY AASHTO WAEHINatilLaino98unI3T709 Unified Classification
system ‘l&un SW, SP, SW-SM, SW-SC, SM, SC, SM-SC, GW, GP, GW-GM,
GP-GM, GW-GC, GP-GC, GM, GC WAt GM-GC 1auA1 Plastic Index WAXIWIATOY
. tﬁn"iasjae S Tmafitwun




a (Y] PSRy - SN ] &0 v u-la o ¢
‘_ . @1979n 2.8 uanoqmanumemaoﬂu%uﬂnwo 9 ﬂLHM1851“7Uﬂﬁ5ﬂ7ﬂﬂ€0ﬂ7ﬂuaﬂwaﬂ

TYPES OF SOIL BITUMEN AND CHARACTERISTICS  OF SOILS

EMPIRICALLY FOUND SUITABLE FOR MANUFACTURE

29

woelalfiu Soil ~ sand

Waterproofed Granular

of sand. If more than half passes, restrictions are placed as

on field moisture equivalem and linear shrinkage.

A certain- percentage of-200 or filler material is indirectly

requires to pass supplementary stability test.

Values between 1@ and 15 permitted in certain cases.

Bitumen. Stabilization,
Passing B C
12172 vee
"4 1 Coea 100
3/4 in ; oo 80-100 100
NO.4 : >50 50-75 . 80-100
NO. 10 ves 40-60 60-80
NO. 40 35-100 20-35 30-35
NO. 100 vee 13-23 - 13-30
NO.200 10-50 ] 10-16 13-30
| Charact £ Fraction 46,40 Sieve
Liquid limit <40 e = ':wf c5i sne
Plasticity Index <18 33<15 m <10;15 <1015
de . Field moisture equiv. <20% e
Linear shrinkage ﬂ“ﬂ’gﬂﬂﬂj“ﬂ’]ﬂi CHL
o pr-oper or&ﬁﬁ]ﬂﬁﬂimuﬂqq E]’]a

+- Maximum si%e not larger than 1/3 of layer thickness; 1if compact,ed in
several layers, nol larger thickess of one layer.

- Lower values for wide and higher values for narrow gradation band

indicated
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GRADING AND PLASTICITY REQUIREMENTS

FOR SOIL-BITUMEN MIXTURES i

_Percent Vaselng

Sieve Size

()

-~

No. 40

No. 200

0 -

50 - 100 -

.35

Atterberg Limits

Maximur Value

oufn P1 Humanedmiufunulige

Builders Association, 1953)
47
& o )
GENE &. A
il
SuU o F 3 U ON
J3
‘% Passing @:”’ .
Sieveg and-Bitemen — umen Sand-Gravel-Bitumen
‘ A A
Jug 100
1"
T m 60-100
No, & ° 50-100 50-100 35-100
10 ¢lale- 100 7
: s
ﬂ m E] fJ w 35 13-50
1 ’] i 8-35
Uz 5-12  |good - 3-20 .

) AP PO

Plasticity 1nde4 < 10

faiy - 0-3 20-30

TReL L

poor - 30-40
unusable - > 40

good - 5

fair - 5-9

poor - $-15
unusahle - > 12-15

e
18 8

<10

a1T19n 2.11

¢
uoanan

(Helfrin, 1960)

£ o B e
uamfpaw"?lwug'mmﬁmmswam\mmmeﬂu‘luﬂ‘rxﬂiuﬂi‘mm
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o v e v ¢ v
yr7iingulunruius shudaneation dsenauhe 3 nTEIIUMT

Gh)

e n17i§aﬂﬂ7sxnnmaauaaﬂaé

5. mmnwSineeoatidtiso 14

A n17ﬁwn17ﬂseLﬁuuaﬁ1ﬁa1nn17ﬂ¥uﬂqeﬁu

(floeanaztan I

ANREAINUAL g lunn 71n19nauua~tnause%nﬁuaTun17
fnemdne Fulseinaa . : a317 n 1é logifisioar 71
1091 TF1l ftus v ¥ oatihdang T Fendia
0 supataran 141w Wi anemosiuifuddy Ko
fatrimsaTing woRtiad Lt L Sothaniin i

- 2 : ¢ 2
AWQTUNUNIY Taean hia) URELNNEA (Texas) 6N

' v v 5
AT 2.12 /e r17ﬂ7uﬂ§eﬂ1auaawamﬂ7ztnn

Cutback Asphalt 9 574 U.S. Navy ™’ uasnﬂ7a§ﬂqmauﬁﬁ

tuaoﬂumaa1aﬂu1§§1utuoT§ a1t Qumafmize  dunldiiag

Tune ey f‘t‘ﬂ“ﬁr*-wtuwfrr-<~-*~- ¢ The Asphalt Institute

b

upEmInd 2. 15J]Lﬁunﬁ7'"' ¥ron A@aha1t Company  *°"  (¥am

TUIAAFLTDIG ‘luﬂ'ﬁ"ﬁm IBUIANAR uwnmnuao‘ls'iuam Lﬁuuwumw’lums taon

293 Cutba ufﬂt}mamni':ﬂt&a@wﬁmum JUNYULRY 200
:fi::mm T A v

ANNUTD IFiN wananTafavinen MRuauRitanuae LS eaann 1ade Qmauunmaoﬂun

o ® e a' it - as éd & o~
(Rendoefianisifonld Emulsified Asphalt p Ureafinuosdafn 1oAY LADN
v on . gu L3 o o8 “O»
14 Emulsified Asphalt lszian Cation %39 Anion  UDNANUEIILFDIATKING
gg‘l l. g a o i3 (Y]
U5 UMD IR UNTOUNIURSUNT IRNNELRY 200 uasUS T st luhudneing anqtin
Asphalt Institute 1ﬁﬁ1ﬂ1sa§ﬂﬂ11uLuuweauﬂunwitﬁanTi Liquid Asphalt

U L eanRulTE LANTEIRLDENIATIZ 9 - AIMNTI9 2.16 Herrin MINITIILTIN
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TYPICAL ASPHALT CEMENT TREATED BASE COURSE REQUIREMENT

Percent Passing by weight
Sisve Size California Texas
1 3/4 inch | 97-100
1 1/4 inch
1 inch

3/4 inch
3/8 inch
No. 4
No. 10
No. 30

No.

g 4 (el N0 G i wkd
gT1ef 2,12 pwadaxgol dninajEt iy adnnnoniiad e 1oL fututiun e

(Califc

T ver
Sieve —
Size Poorly-graded Well-graded Semi-
sands E processed* &

e q - M - 80 - 100

3/a" - ¢ - o [
ZWAN AR 1LNE T1NE

m,q - 35 =75 - =S

750 -- 15 - 30 - - :
#4100 - 15 - 65 - .
7200 0=2 5«12 12°+-25

*Semi-processed crusher, pit, or bank-run aggregates.

mTIef 2.13 LAR U TD IRUNTIETE LANANY 9 fuwnedmivmaiflysing

upatiad (U.S. Army, 1968)
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Percent Passing by Weight

Sieve Size 2 inch maxipum 1-1/2 inch 3/4 inch

maximum maximun
2-1/2 inch 100
2 inch 90-100 106
1-1/2 inch S 90-100 ,
1 inch 100
3/4 inch ‘50-80 80-100
No. 4 ‘ 25-50
No. 200 3-15

not exceed

fon1TinRT0 AU LRuNEANAIMTY

A1T79%n 2.14

v & &
')RG‘\'K'UMWH'I JTOINUU

itute, 1958)

A '
g ‘ IED ASFEALTS

S ANID § SemioProc;ssed
¥ . — Crusher. Pitor
Category Graoed Poorly w Silty ’gank Run
Agcregales Graoed 4 Guoed Sancs Aggrepates
Graczton: 13" T -4 100 100
aur —
¥ B a 100 —
& 4 qg 30-60 7:-109 75-100 75-102 25-85
16 C-136 15—2 35-75 — -
0 T 15-30 s e
1 i ~ 5 Pl
: N 2 2- 3-15
i L i |
' Sand Eqivalem, % D-2419 30 Min. 30 Mm 30 Min. 30 Min. 30 Min.
Plasticity Index D-424 : — NP NP —_ —
Untreated Resistance * 78 Min. 60 Min. 60 Min, 60 Min. 60 Min.
R Value
Loss in Los Angeles
Rattler C-131 50 Max.. —_ —_— —_ 60 Max.
(after 500 revolutions) .

‘Must have at least 25% Crush Count.
*See AASHO T-174, 7-175. and T-176

mnon 2.15 'nmmawamu'nmu'lenun’t'sﬂmﬂimmaua’a‘u

- CoNgvecH Asbha1b £o; 1969>|



n1719h 2.16 L gurnatlTeLan

Type of 86113 = ack Asphalts Emulsions
Open-graded aggregate s AR\ tﬂmRC-Bﬂﬂ MsS-2
WSll-g;aded adgregate
with little or no fine 7, RC-800 MS-2
aggregate and material’ 50,MC-800 SM-K
Passing the no. 200 sieve .f'..'?,!." ,e c}-zso.sc-eo S$S-1,S8S-K
Aggregat.e conhain"ﬁ
a considerable ;:verul?I tage SS-1,SS-1h
of fine aggregate and ¢ SS-K,SS-Kh
material passﬂu El ’J 7] ﬂﬂngf}ﬂﬁ MS-2
No. 200 sieve SCc-250,SC-800 CM-K

Gy ) = L7

IH

(The Asphalt Institute, 1965)

e
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%agaa1neﬂuﬁﬁﬂmaulm1 gnsatia 16819598 9WaN1TNARD Y709 The Asphalt Institute
Wt 11linois Division of Highway uaz1ﬁa7ﬂ1%ﬁaﬂm1710ﬁ 2.17 ;nhldnann
uﬂ111 aﬁnnmauunmaoﬂsaanw1maeLumnuu1Lnaamaenun17taanﬂfzLnnmae Emulsified
Asphalt pedUsEnoufiay n11utnaﬂssﬂnw1maoLuaaunéwﬂmnna Silica WAt

1)

o o v 5
Alksline naﬁu Mertins It Wright QQ‘ﬂﬂﬂﬂ17ﬂ2ﬂ01u1Qﬂﬂaﬁlﬁﬂﬂﬂﬂaﬂ

v £ -3 s g
- funngwnanudaiiug luna7 1 fentse Lanyae Emulsified Asphalt nnaadu lag

&1uinmaoaqéﬂszn8uﬁaaae ' na1n§§q1ﬁa7ﬂﬁoﬁn7wd1uﬁﬁazﬁu

%aﬂaxmae‘ﬁﬂq Silica SRS ine | } 1umaaﬁ1nnoaaoﬁﬁn Twina
iafne 9 Feuane il 9 gaa1nﬂn1uun1¢ n fifiendoo
fueuianTsamT W e uoaadnsautla e

A1919n°2.18, 2.

g.l ‘e oo o= "‘
----------- 1 aledetFannuaauan

o ﬁazﬁaoxﬂﬁauﬁamdiju Asphalt  Institute,

-

.f\ . Ok lahoma Depeartwent of H:ghway. Mckesson uaz Bird 1an1n17a7ﬂaun17

e s %ﬂﬂ%&l NINYINT

SAW} b xer, .....

AR1aN ﬂ@m 1HAR BB G B

= Asphalt film thickness

SA Surface area of Soil or agsgresgate

\ : Unit weight of asphalt

€12

3 o £
n19 Oklahoma Department of Highway ﬂa1ﬁa§ﬂnwsuﬁﬂ?u1mmaeuaaﬂan
HunT8 iauneene Cutback Asphalt SaaNmT

b =Kk 4+ 0.0058 + 0.01 b+ 0.06 Cuevne 2.2

T 10H0309K
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P~ o= o - v e
f1979% 2.17  nTiSontiato suaaian I tuanefiurinyosnnaTan  (Herrin, 1960)

SUITABLE TYPES OF BITUMINOUS MATERIALS :

Crushed Stones

and
Sand-Bitumen Soil-Bitumen Sand-Gravel-Bitumen
Hot Mix: Hot Mix:
(a) (a)

AC-85-100 AC-85-100

100-150 ’
(b) b)

85-100 85-100
100-120 100-120
120-150 120-150

Cold Mix: Cold Mix:

(8) (b) RC-70,2‘L 80¢ a) (b) RC-78,250,809

MC-250,600 [V MC-250, 800

Emulsions _Iﬂ  En Emulsions
“AUEINENININT
RIPNIUNRTYAL ...

(a) Refers to Institue Nomenclature.

(b) Refers to illinois Division of Highways Nomenclature.



. ——
0° SILICA CONTENT 100°%0

777 itaied 7

EFFECTIVE RANGE OF
/C WON /

0%

LnnuAnSoounSauoudoou

AT 2.4 LA

1

(Mertens

37

1
I
: il !
100 90 80 70 g0« TS0 40 30 20 10
’ ALKALINE OR ALKALINE EARTH OXIDE CONTENT,%

m»m 2.5 uamﬂ‘a"mmﬁ'mﬁam uazm‘raam‘lawaamaﬂuﬁnme 9

' (Mertens and Wright, 1959)
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Spot test, standard naptha solvent®
250-325 250-325 250-325

Application Temperature, k)

b 4
Penerration . :
70-65 85-100 100-200 120-150
Penetration Grade, Dcsignation AP-4 AP-3 AP-2 AP-1
Water¥ . a :rial shall be free from water
specific gravity, 77°/77°F** : - : e —————— A
Flash point (Cleveland Open Cup) °F | 37+ 347+ U+ W7+
Softening point, °F** Sip. ARL140 955 9510
Pcnetration.77'F, 100 gm., 5 sec. | X 70-85 85-100 100-120 120-150
Ductility, 77°F, cm. - f [ s 4 ‘ % 4Ot -;——-e- --
Loss on heating, 325°F, 5 hr., Perc e W@ . 1- 1- 1- 1-
Penctration of rrsidue, 77°F, 100 g ' :
5 sec., 4 of Ol.i.tal 60+ 60+ 60+ 60+
. Solubility in carbon disulfide, Percent 99.5+ 99.5+ 99.5+ 99.5+
Insoluble organic matter, Percenk 0.2~ 0.2- 0.2- . 0.2?

tive for all grades of petroleum asphalt

250-325

* (Cupneral requirement. The ma é‘
foam when heated to 346°F. :

x*x Uniformity. The material fu
type, and grade shall be unifo
vary more than + 41°F in softening point,
than * 0.010 in specific grav1ty, from the rcsults of tests 0O
furnished by the contractor prlo we, delivery.

oo pare o SP““““ﬁ“ﬁEI"WI HNINYINT

gt 2.18 uaaouﬁm7§1uﬂaauaaﬁ3miLuun (Federal Specification $S-A-706b)

ARIANN 3TN w'rmma d

i

(rom water, and shall not

.“g-r a given contract,
vwdeliveries shall not
cified above, nor more
a representative sample

)

214
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L]
Medium Curing >
Grades ne-0 Mc-1 "e-2 E_—_J Me-4 MC-5 -
'Water The material shall be free [rom water
“.Flash point (Tag. open cup), °F 100+ 100+ 150+ " ¥S0% 150+ 150+
Furol viscosity at:
. LA 75-100 P
CG122°F ] el N R e, | T 75-100
- 140°F 100-120 250-500  ==e-==  ==me==
180°F - 125-250 300-600
Distillation: . "
Distillate (% total distillate to 6B0°F)
i To 374°F A B
! To 437°F 25- 20- 10~ 5- 0 0
1 e, S00°F 40-70 25-65 15-55 5-40 30- 20-
To 600°F 75-93 70-90 60-87 55-85 40-80 20-75
Residue from distillation to 680°F,
volume, % of sample, by difference 50+ 60+ 67+ 1+ 78+ B2+
Tests on residue from distlllation:
Penctration 77°F, 100 gm., 5 sec. 120-300 120-300 120-300 120-300 120-300 120-300
buctiltty 77°F, 5 cm. per scc., cm.* 100+ 100+ 100+ 100+ 1004+ 100+
Percent soluble in carbon tetrachloride 99,5+ 99.5+ 99.5+ 99.5+ 99.5+ 99.5+

Spot test, standard naptha solvent*#

Negative for all grades

Grades

Water, %
Flash point (Cleveland open cup), o
Furol viscosity at:
1°F
122°F
140°F
180°F
Asphalt residue of 100 penetration, percent
.Distillation: Rie ’ )
" Total distillate to 630°F, percent

ﬂuﬂ 10-39

. by volume os-25 Ql-1s 10 5-

Tesats on residue from distillation: | ] f

. Float test at 122°F, sec. 100, 0 2 0 Slw H-’l} -
Ductility at 77°F, cn. + 1 - 1 10i 0+

. Percent soluble in carbon tettachlorm“" 99.5+  99.5+ " 99.5+ 99,5+ - 99.5+  99.

Application temperatures, g 50-120 80-125 f50-200 175-25(&75-250 200-275

ARANNIMURIINGN

d .
a11ef 2,19 uaRINRTIINTD ANULALDAIAA

% For medium curing cutbacks, 1f penetratlion of
residue la more than 200 and ft= ductllity at
77°F is less than 100, the material will be
acceptable 1f its ductility at 60°F is 100+.

#* Not part of specification

%% 1f the material falls to meet the requirenent
for solubility, it will be acceptable 1 Its
solubility In €Sy 1s 991+ and the proportlcn
of bitumen soluble in CCly is 99.65%+.

[taken from Federal Specifications SS-A -671a)

a Y

(Federal Specifications SS-A 671a)

6¢
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I ANIONIC
‘ 4 Rapid Setting Medium Serting Slow Setting
Tests RS-1 RS=-2 MS-1 MS-2 - S5-1 SS-1h
TESTS ON EMULSION
Viscosity, Furol, 60 ml., 77°F, sec. -100 - - 100-700 20-100 20-100
Viscosity, Furol, 60 ml., 122°F., sec. 75-400 50-500 - - e
Residue by distillaticn, percent . 62-69 60-67 62-69 57-62 57-62
Settlement, 7 day, maxinoum, dif 3 3 3 3
Demulsibility:
50 ml. 0.10 N CaClp, percent = 0-30 e o
35 ml. 0.02 N CaCl,, percer - = =g s
Sieve test, maximum, percent 0.10 0.10 0.10 0.10
Miscibility with water, ’ - 2 - -
Aggregate Coating-Water Resis Pass — — -
Cement mixing test, maxim -— - 2.0 2.0
0il Distillate, percen 12 - - -
TESTS ON RESIDUE FROM Di L ¢
Penetration, 77°F., 100 gu 100-200 100-200 100-200 40-90
Soluble in CCly, minimup 97 97 97 97
Ash, maximum, percent ° 2 2 2 2
40 40 40 40

Ductility at 77°F, minimun

Tests

i TESTS ON EMULSION

i Viscosity, Furol, 60 ml., 77°F, séc. |
!Viscosity._ Furol, 60 ml., 1 ) Seci-
Residue by distillatio
Settlement, 7 day, miaxe: d
Sieve test, maximum, ‘pEfc
Aggregate Coating-Watef -

Dry Aggregate (Job), min. p

Wet Aggregate (Job) ., min. pct. coated
Cement mixing test, max i num percent -
Particle Charge test "

pH, maximum

Mediua Setting _
SM-K CM-K

Siow Setting
SS-K §5-Kh

50-500 50-500
60-65 65-72

3
“ .10 0.10
50 80

60 60

Posiﬂe Positive DPositive Positive

w AU ANHNTNGINT -

TESTS ON RES]DUI“RON DISTILLATION TEST

Penetration, 77°F., 10C gn., 5 sec. ¢

100-250
Solubl noc punil) 't q :
F L

1895250 100-250 @u00-250

20-100 20-100

57-62 . 57-62
3 3
0.10 0.10
2 2
G5 @5

100-200 40-90
9 97
40 L)

[ taken flm Federal Specification SS-A-00674C])

TINYANE

71779% 2.20  UEAINIATIINTOVBUATU (Federal Specification SS-A-@074c)




41

'3 ¢ o v 't a
ﬂ%”1mlﬁulﬂaftﬁuﬂﬁaﬁtnaqaquaaﬁaﬂiﬂﬂﬂﬂ

0.
o)
"

Tog

v
Lnauu1uunmaeu1a71uuﬁe

o 'e {
ﬂimmtﬁumaﬂwum’aao Mineral Agsregate

TRoANIUALUNT IINTIIUD LN MaNELATY 10

o
[}

: { ¢ +
8w fuiilod i7udmos Mineral Aggresgate

ﬁaamhumunnwm*sgwam‘%ﬁu WINTULAT 40
; Oﬁ! WW‘;‘HOO Mineral Aggresgate

naoa 2UNNTIIND Wit wNELRY 200

ﬂ%mﬂ lmtmmao g:lﬁ Eregat.e Feinuim
N 189 ﬂ'mwﬂfmg -

WIELAT 100
' { ; o
&= ﬁmmﬁmﬂas L7UMY109 Mineral Aggregate NWIULU
AEUATINATIING LNTAU HANBIAY 100 UALATILUALUNTY
NUNBLAT 200
ﬁ { { = '
d = USymiduilodiguntes Mineral Aiggregate WIUAEUNTY

u'mﬂg'maw?m WINEILATY 200



42

b = 0.05(8)+8.1(B)40.5(C) verrrassrcscerrrrannes 204
Toef p = ﬂ?u1mtﬁunﬂa§Lmuémaoﬁﬁa%uuaéﬁaﬁ Tneifin fnuiwinain
HIRTINUKY
a = wfitudros Mineral aggregate ﬁﬁnansunseu1n751u

DLTNU MINBLAT 8

ineral aggregate ﬁd1unzunseu1n751u

unoatian TndnsaRefy
AUN1TY09 The As sigute g, aeaTy T ideauns
P "»'.‘ “'4'. ld .EC)......._........... G D

o ; o oo o 4 ¥ w
Tﬂﬂn S IeSt LTUNT0I0NATULDRWAR Tﬂﬂuqﬁuﬂﬂaﬂﬂfﬁﬂ

) fidn aneunT NTI IR LAY
B ‘==t fuiloftudromae Tuiwasunssnasguo i

AU AT -
qmash SERPITT T

F 3
5 P - " {
rd** liinsfnenfenn s LiumdTani o waalianlTe Lan

Satuinenutndisanedy (Hued i wifconiunrunTsmineiar 200 Taafwua

fos0eRumT  fedumTh 2.6 e dRuuiEUs i St e Lrustue o L fnRufinontinu
ov ' { ¢ o 4

TeunTININTIINO LNETL winstay 10 Lt 50 weTiTue warfBanu fuilod L fud

ﬁﬂ"l 1o ‘ ‘ '
gasRufiRoAKuAEINT ANATIIL winotat 200 Lifu 12 edigud widwnniiFane



43

o o L8 ; ' o’A { ;
AufroninuALUNToNIATIL WangiaT 200 nnndn 12 adiaud axldaumeh 2.7

= é
(HovUS o suaaas

T = 0.02F+3l 10+4|0'9'.'..0."'.'.."'....' 206
T = 0'2F+0.1D+4"'.'.0....'.'.'..'.""... 2I7
T = ﬂ‘%mmmuﬂaumaanmﬂnﬂm 20 9DA%Y

24 fiuAn C

) i V " » l, o o oo B o P G
: WA a\ WA sauan’aﬁuuemﬁunuﬂumnnna
n7ilse L iuan’s 2 ' @ . erosene Equivalent (CKE)
o N 1TraRash Californai Test
, ; ‘

Method 303 :
LTRIN

‘é':w-_‘-““-—-“ WRRAIOAT ‘ 'mnaaenmwmmauumxao

marm‘?xuauuaiﬁn

n'n'ﬂwwum m'lmuanﬁan-.mnas'mnunuuaaﬁaa 2138 ﬂJ

e wﬁm PR et

a7y lddeT
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AAnuandourouaatiad (Hot-mix asphalt)

£, ,usu‘ﬁw—nﬁmm Liquid Asphalt (Cutback
Asphalt |a¢ Emulsions)

nmeaniiu33edunin  Research Board Committee'®’

fmsanti iz shiagulunsosnuuudwaame suasiian fiaTae38909 marshall,

Hveem Method IIa¢ Unconfined Compressive Strength aIn19en 2.21 ne
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antis U.S. Air Force ‘1ﬁﬁ1n17a§uﬂ‘%mmmaeuaaﬁav‘nudasﬁaﬁmmeau'lumfa%w
Sufum suaefianmuaatiadaounia §onnT19% 2.22 uacfiady 7190 2.23 Cepl
nTDenULIAR LKA ouuaatad o T Futhum e a7k L funs v Taganati
The Asphalt Institute . Ui l¥imaneauBuIFaNUANTaTIATUALANIMIARDN
wonanfl Warden®*®’ ﬁo‘ls’xﬁ'\m‘ragﬂmﬁﬂg'\wae‘*"‘z%ms‘u'aa (Marshall) lullseing

ieoiuaeiuan atUlddemTet 2.:

{ v 4
upAtANUTE LANANILLALLDAUAR

(Cutback) Watdiatu (Emuisio WATNITNARD Y mm‘ms\aawaﬂ
' e

I ASTM D. 1560-65)

737% ASTM D. 1559-65)

W

'g. Elastic Modulus

anmmﬂ ni nﬁa%njuuavmunu 5nTway
(Mi:@ﬂmcﬁ)ﬂa ? pﬂm’m\m (Rate
of lo#ding) WALMULN ')ﬁﬂ'h'\mﬂu Lm"mna ung §7~L1uuw1 D IR nLUALD R R

! aa

tarsiatu 18un 53n19709N9UTa (Mershall), 89 (Hveem) UAEATTNARDINIAT
Extrusion M1979% 2.25 Uay 2.26‘Lﬁun’wai‘ﬂtﬂud'ﬁ‘\ﬂiuﬁu‘li amfunan
PEradnuunuoatiaduaesiaty  Taedsnnsresnduga (Marshall) uarddu (Hveem)
dmlunTrinuisnnTTe9 Extrusion Test aeéuﬁuﬁaﬁwuﬂmwgaﬁ’mﬁu fio

fi. @1 Extrusion Value foufiaeimirduin  aediaslidn

> 1000 uauﬁ



o o o t 2
n11en 2.21 wanehaianvun 'lumwamwuaaﬁa&mmmauuwmann
Marshall, Hveem Ult Unconfined Copressive Strength.

A. Hveem Method

Percent Voids

Percent Filled With
State Stabilty Air Voids Asphalt Cohes iometer
California 35 minimum 4-6

s Colorado 30-45 80-85 =

Hawaii 35 minimum 75 300 minimum
Nevada 30-37 mi

Ok lahoma 35 mi

Oregon 150 minimum
Texas
Washington B imur / r % " 50 minimum

Percent Voids
= Fseaff iy 1. V b " Filled With
s ; ; L Vo Asphalt
3 District of
Colunbia 65-67
Georgis 65-75
Kansas 1-5 70-85
Kentucky -
Mississ ig 16 maximum 9T/d. 50-70
New Jers YA
N. Carolinﬂ
N. Dskota 402 minimum T3
. Pennsylvenia {M minimun 6=16. ¢ €0-85
i 7 y u 3-8

R WY INT
s;q.koca 8-1 -
Wyoming ] xﬁw minimum ‘ F- u

M

L 3
Percent Voids
‘ Percent Filled With
State Load, psi Air Voids Asphalt
= Colorado 200-400 3-5 80-85

Oregon 150 minimum

(Highway Resersh Board, 1978)
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Marshall, Hveem Uit Habbard Field fleliufiuaniuniasias

A. Marshall Design Criteria

Trafide Category Meavy " Medium Light

Tesp Property Min. Max. Min. Max. Min. Max.

No. of compaction Blows

Each End of Specimen 75 50 35 :
Stability, all mixture 500 - — -
Flow, all mixture : 8 20
Percent Air Voids
Surfacing or leveling S ’ 5
base 3 5
Trafide Category Light
Test Property Min. Max.
Sta& Value 30 e
Cohesiometer Value 5% = = =
Swell ?.030 inch
e
AT )
-Criteria

g

Trafide C Medium and Light

B INERINYIT =

AR AN TR IND 1A

Hot—mix asphalf. bases, which do not meet the above criteria when tested at
140 °F should be satisfactory if they meet the criteria when tested st 100 F" .
and are placed 4 inches or more below the surface.. This recommendat ion
applies oﬁly to regior?s having climatic conditions similar to those prevaling
throughout most of the United States. Guidelines for applying for the lower
test t.emparatuﬁa in regions having more extreme climatic conditions are

being studied.

(The Asphalt Institute, 1958)
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s _ FOR ASPHALT CEMENT TREATtD BASFE COURSE ;
. ; _
Traffic, Vehicles per day
Marshall
Requircment Lipht : Extra Heavy
at 140°F ( less Medium Heavy (greater
than 41000)] A000-3000) | (3000-6000) than 6000)
¢ ‘|Stability, min. 330 440 550 660
Flow (0.01 in.). 4-20 4-16 4-14
Percent air voids 3-12 3-10

MTe% 2.24  daruu

™~ ™

Marshall

Stability, 1bs.
Flow, (0.01 in.)

Percent air voids

oﬁnswa (Warden, 1961)

2N
L~:L(

i

: \ e, 1966)

uy Tﬂﬂﬁuﬁﬂ%uﬂf‘oﬁ'mﬁnuun

Refere ¢
e8]

Asphalt Insti%te (19)

Finn, & al. (57)

=RBTAN T Y

o Criteria
Y. & -6 oisture Pickup
c'?_. After ing MVS, per cent|
T
70 mi&. 60 m:ln.
‘Wﬂﬂ WY ﬂs&l
70%% 73k 5.0 max.

*Moisture Vapor Susceptibili ty

**Light Traffic
***Heavy Traffic

ﬂ' i 3 o g ﬂ' P =3 ﬂ' v & - v v
N7 2.26  UAAITONTNUNTD INTTODNULLTUNUNTINUL Tﬂﬂﬂ“ﬂgﬂﬂ? U'I.h" LD latu

Tne559%94 (The Asphalt Institute, 1969)
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[] U 1 4 "
4. @1 Extrusion Value WaafiaefiimTiumn arfio s AN
I'4
> 400 Uous
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f. A1NNTITEAT (Expansion) 1”“’\“ 5 LtUa7L7un
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mIneaosiansiaeiinTse (ulsenauiu NenTilse LU

o e (-3 e ‘ r-x-3 o
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UTeaulT e RNTD T IR INTELY 2019109934 (Hveem Test) T23an1iiu

California ﬂisnam'hﬂ <f1MTNe ﬁ jfuge Kerosene Equivalent
W.Tﬂﬂmmmﬁmma 199719

(CKE) uatn1gUseiin

91n1f (Air Void)

[y Fa ‘ = N 3
22 F‘Wﬂﬂﬁmt'ﬂaﬁﬂ UL 2 >0.1. g ate jixture
- a1nanudio g aadlf g saieRte sfu 1 9nenw  (Physical
l : i L - v o -
Properties) ADINY e wn'lumﬁuu'munngwu N7
o o ao ' ' e S e v o v : et s
ﬂuemﬁunuﬂuamaumua AT BT W TUNNU maaﬂom'mu-nauw‘lm_wnu

. 4
lﬂ\ﬂﬁﬂ‘ﬁ'ﬂ’\ﬂ 4] uas':"lmna- u‘lummauwa1uuumﬂeﬂ7zmmﬁn

\
il dediufie i =

€173

eorge F.-Sbwers RIuEEINANET

1 v - ; d o
nmanmeﬁnﬁaﬁumﬂj}im sejﬂme Finé Grained Soil 1

Fndmane 9

WUEJ’J WE.IW?WEJ']ﬂ'ﬁ
£, z 1 nofinnTindaadursadaund
QI8 it bk SRR i

fu (Densxty) MNWANTTNARD UL mwumuswamuwawu LSomnamu i
sy nansnluniTiainanas wargosinenely (Void) aaassing Mg
muqu%%m-:us\ﬁn‘lﬁ (ullouiay ﬂ'nuu% angevosauat Marnmuwleunsifey
Fieude SEnnrfaei Wl mesamnmuaningean Iefuredis  Tasdinisuande
NTLNUNNTINTUINARE 1D I TAE) fofarinsiamunadie 9 maa’:’aq‘lﬁﬁﬂ‘%u'mﬁﬂwa
oWl uaelisidosinslorfign wafl6ffo Solid Mass Hfeliwin

I
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Sand Fines
Gravel -
Coarse |Medium| Fine Silt Clay Sizes
U.S. STA! ZES
4 6 10 20 40
100 “<\;j&==q %
90
\ y S
.80
—
< 70
60 B
=50 -
40 —
] y \
ool L
30 = r ‘
= L ‘\\\\
1
20 ;
= P s 1
10 = =
0 ST
105 1 .5 ol 01 .005 .001 .0005
)%uxd Plas CLLic Gra@y
Soil Index of Solids . Remarks

MO I NN EEE"

clay

ammmm URIANA Y

mun 2.6 uamnmauunwg'maqma‘nmmn’lm (Aggregate) URLIUIALAN

(Binder Soil) (Miller and Sowers, 1972 : 17)
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2. Compacted 3ggreg ) mgregate with small amount
with grain to g der. . Binder highly com-
high internal frig cted between contact points of
; \ te, and loose in voids.
open voids and grain to

contact persists.

c. Aggregate wilih suffxcxent d. Aggregate floating in 2

binder 00S ‘matrix of uniformly well com-
Binder uﬁpa % ﬁ j w Ejf}ﬂbﬁder.
contac-

n

loose 1

etween.

00T MUY RE

e 0
(Less than 80% 2] binder - (95-1007 E

.-Compaction) Compaction)

‘Abinder (over 100% -
Compaction)
ATun 2.9 tanenitans Tassadranielum s Soil-aggregate TOATIAILANS 9

(Miller and Sowers, 1972 : 21)
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Texas
Coastal Asphalts Sen Joaquin Valley Asphalts
" Property - ) AC-5 AC-10 AC-20 AR-1000 AR-2000  AR-4000
Corbett Analysis? at
Asphaltenes, % 14.6 . - 14.8 5.0 - . 6.0
- Saturates, % 13.4 - 10.1 1357 - 1G.0
Napthene Aromatics, % 41.5 - 30.3 36.1 - S
Polar Aromatics, % 30.5 - 44.8 45.1 - 50.6
Rostler Analys'ish :
Asphaltenes, % Wl 22,8 - 9.2 10.3 -
Nitrogen Bases, % 21.0 18.6 - 373 42.0 -
First Acidaffins, % 2.0 1.} - 16.8 . 9.0 -
Second Ac|daff|ns 1 25.0 335 - 22352 28.3 -
Paraffins, % 12.9 11.4 - 4.1 10.4 -
Refractive Index of
Paraffins, nd® 1.4812 1.4820 - 1.4862  1.4907 =
Durability Rating®
(N+A])/(P+A2) 0.73 - 1.50 T, s -
Sulphur, ¥ . 5.08 - - .34 -
3ASTM 1A \:';.? p1tates 4:_;["7 using n-heptane)
DasTM Oh(biscontinued) ¢ 5 asphaltenes using n-pentane)
Cpu d ith meter value; 0.4 - 1.0 = Group I,
“cupef .; " ng 1.0 I, “good" durability;-1.2 - 1.5 = i
o \*Qﬁghh B
‘QSQQ\\ AT LaunANNLNNga (Texas) WAt
in Valley)
AC-5 + 5% AC-5 + 5% AC-5 + 5% .
Test Value atex - Kraton Elvax 150 Polyethylene
Penetration®259C(77°F) 75 103 176 05
100g, 5 sec
Penetration@4°C(39°F) 8 14 17 13
100g, 5 sec
Penetration@4°C(39°F) 28 49 54 49
200g, 60 sec 2
Viscosity@60°C(140°F) 2040 506_‘; 1950 6720 1160 2200
Viscositye1359¢(275%)° 28 0 870 618 8en
R&B Soft Point°C(°F)4 . ' 59(138) 49(120) 52(126)
.Ductility 4':’C/25°C5 - 50 4 69/98 24 /45 -/35
Viscosity Temp. !iuscep.6 3.Sm]_ 3.42 2.44 2.94 2.98
(60°C-135°C)
Pen-Vis Nuber o) 0.6 i' 143 1.0
Penetration Ratio 47 31 47

‘AASHTO 153.

\ ﬁiﬂ?ﬁﬁ’]ﬂﬂﬂ‘im Nﬂﬂﬂtﬂﬂﬂ

4pasHTO T4dl
SAASHTO T51, 5™/min.

6Tempemure susceptibility = (log log M, = 109 log n, }(log T, - log T )- where n = viscosity in FP.

T = absolute temperature.

7Determ1ned from penetration at 77°F and viscosity at 275°F (McLeod, 1976).
8p.1. = (20 - 5000)/(1 + 50a): @ = [log(penz) - log(pen,)1/(T, - T,) or [log 800 - log (penjgec)]

/T - 25), where T = temperature, °C.
. IOO(Pen 39.2°F, 200 g, 60 s)/(Pen 77°F, 100 g, 5s).

el
f719% 2.33 uammaumwumwaeuaan&nﬁmusmnmn"n‘ammlmﬂwawa'\'.mu

wae Tl léFnlge




AR-1000+15% AR-1000+5% AR-1000+3% AR-1000+5% AR-1000+5%  Ak-1000+5%
Test Value .~ AR-4000 AAR-\DOO, Microfil-8 d x  Dow Latex Kraton Elvax 150 Polyethyleae

Penetration®25°C(77°F) 57 134 161 98
100g, 5 sec
PenetrationR4°C(39°F) 4 N 12 8
100q, 5 sec
Penetration®4°C(39°F) 16 43 50 41
200g, 60 sec
Viscosity@60°C(140% )¢ 2170 1720 1180 1295
Viscosity@1359C(2759F )3 256 ‘ : \ ' a3 434 399
R&B Soft PointC(°F)4 - 41(106 ‘ €7(152) | SA(13C 52/(126) 45(113) 47(117)
Ductility 49C/259¢5 - 1504/ ' ' 141/83 ! -126
Viscosity Temp. 3,92 3.38 3.22 43539
Suscep.(60-l]5°C
Pen-Vis Number/ -1.4 A s o -0.2
Pen IndexB -2.0 a% 1.9 136
Penetration Ratio9 28 32 31 37

LAASHTO T53.

2aaSHTO T202.

‘3pasHTO T201.
4pASHTO T49.

5 cm
AASHTO T51, 5™/min.

6Temparature susceptibility = (lmlog n - log log nl /(1og T
T = absolute temperature.

;Determined from penetrati g% °F
P.I. = (20 - 500u)/(1 + u m Q‘m ﬁﬁﬁsﬁ 3
/TSP - 25). where T = t °C e 5 800 ‘e (penzsoc)]

%100(Pen 39.2°F, 200 g, 60°5)/(Pen 77°F, 100 g5 s).

mwm z%w&lﬂ\ﬁﬁﬁm«umlgaﬂﬁkm &lm Joaquin)

nonufuuienﬁﬂﬂwiuauquuau1u1nﬂ7uﬂ;o

S ————— -
7 Ad

I

T ), where n = viscosity in cP,

L



72

rﬂsile Strength @ 33°F, psi
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EEEas :
; ZTRIN T
200 =

140

120

)00 n L L = I L 7 1 i =
0 2 4 6 8 10

Maximum Engineering Stress, psi

12

o u‘. l‘.l-‘"..n Ex u aa :
A 2,12 uaneA T TEN19AN Resilient Modulus fusuna@ifiiUReuuiac

4 é o o o 4
20 IUDAUANT L IUNTTTUAN uazngnﬂTuﬂqoﬁaﬂaﬁsTuatuaf

(Botton, and others, 1987 :
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°(&3°F) i & 25°C ( 272F)
Base Mixture No. Cvcles Air Voids, No. Cycles
Asphalt Type | Percent to Failure
AC-20 5.9 250 -
AC-5 + B ,
Car. Blk, - €.7 530
AC-5 + 2K b ';
‘Texas “'."’.‘ ; LN . 6.0 S A !
Coastal  AC-5.# /T B RN\ - ' !
: Kraton Fol° ! 650 » &8 350 :
AC- i o -‘ \ . H
Latex - / P — 6.2. 740
AC-5, B ‘ 55
Novophal "\ 23( 6.5 190
AR-400 1y & 6.0 110
AR-1000 ' '
& Car. Blk 6.5 490
e AR-1000 +
San Elvax ' 6.5 - >2000
Joaquin AR-1000 + :

valley 6.8 >2000

et . >2000

@ 6.4 782

®Each value q;gents an averag f at least two values

Tﬂﬁﬂ%%ﬁﬂ%ﬂﬂﬁﬁi
‘@"Wfrﬂ S BT R Fpe o o

(gaLded uat 25 09ATLTALTES TOAL 'Oﬂﬂﬂﬂ%lﬂﬂﬂﬁ?fﬂﬂ’l uazmm

v o ¢ .
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51ﬂ11uﬁﬁﬂ (Viscosity, poise)

d1n11uu§a (Penetration)
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Laﬂlﬂaé (Polyester)
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A1Toon3udu (Oxidants) (fu waen i@ (Manganese) WAt LNADY

Lﬁm'ms‘"w‘maﬂausdw n
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Nemours & Co., Inc. 1ﬁﬁ1n17a§ﬂtﬁuuuum:mammmuas'n‘ﬁmae 8310 (EVA)
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GRADE SELECTOR CHART FOR ELVAX* RES!NSS
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ELVAX RESIN GRADES

GI UQB«" © o .2
f19191 2.36 uamoQmauumuug'muasn’wm‘lﬂ‘l'ﬁ‘ AMTUINT Elvax
(E.l. du Pont de Nemous & Co.(Inc), 1881)

Grade Index V ' 1 Properties and Uses
: Elvax" 40-W< any organic solvents
ith many resins;

Col a’o1b111t.y with waxes
]e ibity and adhesion

end inks Used in pressure-
;and specialty hot melts
Elvax"152-W 38.0-48.0 | T3 ; . : edhesion to aluminum foil
: - ' nonporous sur'faées more

3 ) resihs of lower viny
U,# Used inAsolvﬂeni v
- 6ihgé and hot melt adhesives
Elvas"170 B.6-1. (D‘ 35.0-37.5 ract.wnal melt index hagh v1ny1 acetate

AU Ny Wﬁ‘f’ﬁﬂﬂ’i‘“ e M

pressure sensitive adhesives

el AR RTIIEDRY

flexible in blends with wax than other
200-series srades but superior in
gloss retention and equal in grease
resistance A

Elvax" 220-W 134-168 27.2-28.8 X s

"Elvax" 230-W- 100-120 27.2-28.8 Simi la_r to "Elvax" 210 Used in paraf‘fin'

[ 2 g
‘wax systems where viscosity limitations a:
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A1T18N 2.36 (fD)

Grade

81

Shipping Specifications

Melt % Vinyl

Index Acetate Principal Properties and Uses

Elvax" 230-W°

Elvax" 240-W"
Elvax" 250-W°
Elvax"260

Elvax"265

Elvax"310

100-120 27.25 ‘ ’, tringent or where higher viscosities
| red
38.0-48.0
22.9-28.
:5.3-6. resins pro§iding
ess. flexibility adheson
operties for many coating
> applications
2.6-3.4 lecular weight of "Elvaxf
os imparting maximum toughness
bility and seal strength. Provides
nt "hot—-tack" and high
viscosity ir :;~ blends.

-3} Er weight and melt
*'v1scosity -ﬂﬂthe 300@-series. Gives
o Yeés flexible blends with wax than

AU ¢ 3N EJ V1 S st stries s ot ere same.

concentrataon. but i arts superior

CRAIN T U IR S e

Elvax"350

Elvax"360

resistance.

17.3~-20.9 24.3-25.7 High molecular weight, high meltt
viscosity
1.7—2.3 24.3-25.7 " resins in the 3@%-series Used with microwa

for maximum toughness Where greater specif
sedhesion is required use "Elvax" 365, 260

4260
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aMTeh 2.36 (Fpd

Shipping Specif)i cations
Melt % Vinyl -

Grade Index Acetate . Principal Properties and Uses

Elvax" 410 445-550 1758 -, fened srade where low melt viscosity

. /),t,ant Improves hardness grease
3 aﬂresistance gives optimum
S Tac ™ Wealhton with wax "Elvax” 210

P should be tried for sgreater
; and seal strength .

Elvax" 420 136-165 erties closer to "Elvax"

460 higher melt‘v:scos'lty than
te greater flexibility end
ngth in hot melt coatings as

as good gloss haldness and block

;- ance .

Elvax" 456 -« : 7 Z -._..._;.7,5,_! cosity than "Elvax" 460

v ' per'oies to o!';her grades

o other grades in 400-series

Elvax" 460 Ff-z. ‘a.s-w 5  @igh molecular weight and high melt

u U ’J ‘n EJ VI jwﬁy}ﬂ-@m herd, scuff resistant,

flexxble wax coat.i s Used m heat-
q W’] a Q ﬂ i m u %q% %ﬂqﬂrﬂhagher softening
point hot melt adhesives For more
‘flexibility and seal strengt.h try
7 ) "Elvax" 260

Elvax" 470 0.6-0.8 17.2-18.90 Possesses properties of other 400-
series resins ardi is suggested for

use where highér melt viscosity is

required than supplied by "Elvax" 460
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M1919% 2.36 (§D)

‘Shipping Specifications

Melt » Vinyl

Grade Index Acetate Principal Properties and Uses

Elvax" 550 = 6.7-9.3 molecular weight and hagh melt

Elvax" 560 2.1?2.97 v resins used in paper roll
i 3 wr ends carpet seam1ng tape

Elvax" 650  6.7-0. 2" ‘_ " L :

Elvax® 660 8,12 d.648.01 \ \molecular weight and high melt

Elvax" 670 /8 b , =t isco -\\fesins used in adhesive

: \ wheré higher temperature

nce is required ‘

Elvax" 750 6.3-7.7

Elvax" 760 1.8-2.2 — ] 'é"vulecu1ar we{ght and high melt

Elvax" 770 0.6-1.0 viscosity resins ﬁsed in adhesive

iom-where higher temperature

Ve

e

] — ;

grades contain 2@0-800 pﬁm butylated hydroxy toluene

y1K) ﬂﬂm,ﬂ i1 Ir PR
QW’]MﬂiﬂJ SJW]’J‘V]EJ’]Q d

(ASTM D 1238. m

The "W'" postscr



TYPICAL PHYSICAL PROPERTIES®

84

e
S
&‘ﬁ‘;\ Grad-.’
(0555 b (&0) i 030 | ooy [Evex 40
wosn | osaigon| S0 ro 65 20 T e
(c552) (1600) 63 &2 © |"Ewaxt 170
0951) 400 (1 2 () (| "ENax2ic
oo | oo 69 (150) o5 |Eecas
(095 B50)_ s (E05) 8, [eecad
031 | (400 | (330) (i | B 24:,'-.
0851) (14 2 Z ) 5 ol oy | 255_" i
(0:9%5) (3% |k 801 570) (o |Ewax 28t
%% | ) 2 e an iy [Ewax 250
(0948) (%7: B g%}i: i, g ,15,,3) :,jszn “Eivex” 310
s | @000 3 F Jn 0 ‘,»5?5, uy | Eax 363
Gosh | i == £ 59 &) |Evacass
(09%) (675) : ‘éé’ = 80 1) ) “Elvax” 41¢
(0957) (155 ® —f—""ff‘?'ﬂ” 84 oy | - % e
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— v o 3 {o
Qmauumnmnunw“ma (Flow Characteristics)  t(Loda1nloatanin
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Gayle N. King, Harold W. Muncy lat Jean B. Prudhomme
na111111wantnﬂaﬂnn171ia17uautuuiuuaaﬁan asmuaﬂnunmauunn1atﬂumaeTnsuaswo
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SBR, SBS,Twfu (Neoprene), Tufiionfiiu (Polyethylene) uae 831" (EVA)

to1 o d a8 '
iOﬂﬁGnﬂsundﬂmaNUNnﬂa1ﬂﬂaouasuﬂﬂﬂ1dnu nquadﬂﬂ7“ﬂaUﬂ10LFUJ L9U% SBR
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TunaBaneuiitn usae lLianun IneiaLe 18 fekuan550laTudLued
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fuaua1T femisef 2.38 uua%fiaﬁhd" i Teefia luAnisante L da
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u'wﬁsqu (Penetrat i PEZ=—RERARY L FHR—t " ¥ ﬂ'\ﬂ')']”“uﬂqs LWNQ’]ﬂ
UIN-Tuly 200-400 Lﬂq:}wu" g ANNNTERIN iﬁrcbxlity) Lnguane
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Penetcation Viscosity Ductility Tensile Stress

Asphalt 25 C  61C, potse 135C, cst 4 C, + 20, xg/em2
. -

AC 98 1060 253 8.75
PAC 72 2790 533 27.50 1. :g

o -
1790 2.38 13ERIN

waranuL AT TdR Tdtuen AT (A Mg oAk AN TUFulT

fremrTwd et (kings

A

Penetration, 25 C, 1/10 =2

Softening Point, Ring & Ball, dcq c

—_—1 9 M EI‘VI?WEJ’] na

viscosity, 169 C,

"““‘ﬂﬂ‘mﬂﬂim’ﬂmﬂﬂmaﬂ

After R"

viscosity, 135 C, ma2/sec 1359 900

Aging Index 1.125 1.5 :

l1ﬂduaﬂ1flu quLRauTe 97 ﬂ1uhﬂ us1umaauaaﬂ1nﬁtuuﬂlnsa

sTud e ﬁu ua13a1%tuuﬁ \ATA 60/70

A1719N 2.39
80/1C2 ﬁﬂ%uﬂ{aﬁvaa1

(King, and others, 1986 & 524)



.. Aging Test Results for an 85/100 Penetration Asphalt
Before and After Polymer Modification

b

Penetration, 25 C, _ 72
Penetration after RTPC 51
Penetration Reten 70.8%
Absolute V;uult 27!.0

. Viscosity after 4840
Viscosity Ratio 1.73
-0.02

L PN

Y )
/917197 2,40 uaA9A0TT LURENILAII AT LTLATTL uaE AR LTBWANTNT
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- flastic Strain
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(King, and others, 1986 : 523)
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‘Specific Density, 15.60

GULF (Clarkson) BRITISH PETROLELY (Bronte)
Unaged Raed* \'naged Rapct*
Viscosity, Pa.s, 600C 142 363 113 259
Penetration, 250C 97 ' 52 103 62
Puctility, 4°C 150+ 107 -
i 250¢C - 1504 150+ 150+
‘Flash Point, O 3 316 -

1.029 -

Escorene LPX-] (ExXGr

*Thin Film Oven Test

a519f 2,41 uAa9 217ARIANY

TEANAS INOY

INDEX  DEMSITY  MOLECULAR WEIGHT
(g/cm>)  DISTRIBUTION

Du Pont 11D-1 m narrow -

Du Pont 11H ' 0.919 narrow i

bu Pont 190ﬂ‘”H’g‘nﬂﬂ§WH’1ﬂ‘j medium ’
Dupont 2107 : 0.924 narrow

" N9 VI’]’J 18
EvataanSO (ﬁ m}] nﬂ EJ:-oad .

Evatane 28-150 (CIL) 0.94 broad '

Evatane 33-25 (CIL) 28 C.95 broad g

Scrap (National Pro Industries) | 2.0 : ~0.93 ‘ broac ,

o S S o oo '
M719f 2,42 uansAuANTRRLT TR AT 1WA LoNTiRuTUAMNY 9
A ] J
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POLYETHYLENE-MODIFIED

instron Crosshead

ARy

Loading Nose

Chilled Test
Specimen

vertical Displacement

Bitufigh

ﬂ‘UEl, ‘ NN

ammnmwmw&waﬂ

_ . Typical Bending Force versus Displacement for the
Test Beams Clearly Reveal the Infiuence of Polyethylene
on the Stress-Strain Behavior of Bitumen at Low
Temperatures. Ultimate Strength, Flexural
Modulus, Elongation and Energy to Fracture
Have All Been Increased by the Addition
of 8 Percent Polyethylene.

ﬂ. -~ ‘ ) g o« v ﬂ' - o
aud 2.18  uasem i seninsinuinnafiuTear s TheRLUReuLLAY 19IN1TNARDY

Fléxural Stress-Strain
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5
LOG VISCOSITY
cP !
%
" 4
3F |
%2 K N = - ; 2.6 :
2 . n - f E——— Sogr ey
( ' , CA 3 MPERATURE, 107K |
> /7wl 2.19 _s.\ﬁ?uﬂﬁﬂuuﬂae LgBuL ey
LOG VISGOSITY
cP:
4F —v
o
..
s
3g—" :
( / i
' ’_’——-C
j S -~
iy v (25 = obc,
s 14
4 AUEININTNYTES
i+ v .
| ¢ o o/
qqa Iaqpl jﬁ]:”ﬁ IszﬁEI Iazl 8
q " LLDPE CONTENT. Z i |
The Brookfield Viscosity Values Form a Consistent
Pattern in the Temperature Range from 120 to 170 C
for Gulf (Clarkson) Bitumen Containing Linear Low :
Density Polyethylene (Du Pont Sclair 2107). !
o o : o ' ' ey e o
s AT 2,20 auditudsenined1ne I fuSanuaT LLDPE oK) 9

(Jew and Woodhams, 1986 : 547)
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U4 funumannrgm Hi-4 gosanniiuAuainiieres The Asphalt Institete WAN1T
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MELT FLOW INDEX  BROOKFIELD VISCOSITY (cP)

POLYETHYLENE (g/10 min) 3 Percent PE 5 Percent PE
(1500C) (1400C)
Du Pont 11D-1 0.6 600 2840
Du Pont 11H 1s2 762 7930
Du Pont 190D i 405 1320

Du Pont 2107 5.1 430 1080

Du Pont 2111 1010
Evatane 18-150 (CIL) 8R0
Evatane 28-150 (CIL) 920
Evatane 33-25 (CIL) 820
mrief 2,43 uanewangd nghalea v landsans naunﬂsuﬂsauaaﬁanﬁtuun

ontrol Mix PE-Modified

{parts)
_——
S Y
Coarse Agareaate y \ 51
Fine Aogreaate (s l ) 49 m 49

Bitumen .(BP 85/100 Pen). 5.3 5

meﬂwﬂqmaw§Wani o

Marshall qu 11 2

AR wﬁ“ﬂm a’E[

:Marshan Water Immersion Test 61.7
(percentace retention)

! R 3 : { . e
AT1ef 2.44  UAAIWANITNARDUNITODNNLLAIUWANT DUTD IUDAURAADUNTATWANATT

(Sew and Woodhams, 1986 : 545)



	บทที่ 2 เอกสารและงานวิจัยที่เกี่ยวข้อง
	2.1 การปรับปรุงดิน
	2.2 คุณลักษณะของความแข็งแรง
	2.3 การปรับปรุงแอสฟัสต์ด้วยโพลีเมอร์


