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(A) HISTORICAL PERSPECTIVE - THE SEARCH FOR OBJECTIVE NUMBERS

1964 WET TRACK ABRASION TEST

1975 - LOADED WHEEL TEST

1975 - CONSISTENCY TEST

1978 - DESIGN TECHNICAL BULLETINS 1ST EDITION
1983 — MODIFIED COHESION TEST

(B) CURRENT DESIGN METHOD:
THE DESIGN APPROACH IS TO ASK AND ANSWER THESE QUESTIONS:

1., WILL "IT" MIX?

2. WILL "IT" SET AND CURE?
3. WILL "IT" LAST?

4, WILL "IT" BE SAFE?
*5, WILL "IT®" PERFORM?

PHYSICAL SPECIMENS ARE PREPARED AND SUBJECTED TO SIMULATED
FIELD CONDITIONS:

1. WTAT DETERMINES MINIMUM ASPHALT CONTENT

2. LWT DETERMINES MAXIMUM ASPHALT CONTENT -
GRAPHICALLY COMBINED DATA DETERMINES THE
OPTIMUM AC CONTENT.

(C) EXPERIENCES IN LAB DESIGN OF MANY MATERIALS COMBINATIONS
INDICATE EXTREME VARIATIONS IN MIX PERFORMANCE.

THIS IS NOT SURPRISING WHEN THERE ARE:
1. 1300 DIFFERENT AGGREGATES

2. 400 DIFFERENT BITUMENS OR ASPHALTS
3. 10 DIFFERENT CLASSES OF EMULSIFIERS

4, 350 DIFFERENT EMULSION MANUFACTURERS —_—

AGGREGATE IS NOT. GRADATION
BITUMEN IS NOT PENETRATION :
EMULSIONS ARE NOT VISCOSITY OR QS.

WE NOW LOOK AT THE TOTAL SYSTEMS APPROACH

WHAT IS IMPORTANT IS NOT THE PROPERTIES OF THE INDIVIDUAL
MATERIALS, BUT HOW THE MATERIALS, INTERACT IN COMBINATION IN A

MIX SYSTEM.
(D) REVIEW OF RECENT FINDINGS IN MIX SYSTEMS

1. MODIFIED COHESION TEST - CLASSIFICATION OF THE SYSTEM
BY SET AND CURE OR DEVELOPMENT OF COHESIVE STRENGTH.

2. METHYL BLUE TEST - FRENCH/IRISH MEASURES A QUALITY OF
THE FINE AGGREGATE — THE AMOUNT OF METHYL BLUE REQUIRED

TO SATURATE THE FINES.
MEASURES CLAY, ORGANIC MATERIAL, ABSORPTIVE
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3. STRIP CHART MIXING CHARACTERISTICS - POSSIBLE
TO CLASSIFY SYSTEMS BY RESPONSE TO TIME-SHEAR FORCES.

4. SCHULZE - BREUER TUMBLING PILL AND RUCK ADHESION -
MEASURES BITUMEN-FILLER COMPATIBILITY: 6-DAY SOAK.

5. 6-DAY VS. 1-HOUR SOAK WTAT -~ DIFFERENCES IN VARIOUS
SYSTEMS.

6. 60C CURED COHESION TESTS - MANUAL CURVES AND MOTORIZED
STRENGTH AND STRETCH CURVES.

(E) REVIEW OF PAPER, "EXPERIMENTS WITH CURED COHESION TESTING OF
SLURRY SEALS AND THIN LAYERED COLD MIXES".

OR:

“THE SEARCH FOR COLD MARSHALL CURVES FOR THIN LAYERED COLD
MIXES".

(F) RESEARCH IN PROCESS ON THE LOADED WHEEL TEST AND WHEEL TRACKING

1. TRRL EXPERIENCE WITH WIT. CRITERIA ESTABLISHED AT 2
MM/HOUR AT 45C FOR HEAVY TRAFFIC.

2. CORRELATION OF MARSHALL TEST WITH THE BRITISH WIT-
SHEFFIELD POLYTECH UK.

3. CURRENT RESEARCH ON LWT TRACKING RATE AND % DISPLACEMENT
CURVES VS. LAYER THICKNESS.

(a) INVERSE SIMILARITY TO MARSHALL CURVES.

(b) LAYER THICKNESS RESPONSE VARIES WITH THE POLYMER——
TYPE AND EMULSIFIER TYPE.

(c) DIFFERENCES BETWEEN MODIFIED AND PLAIN SYSTEMS.

(d) SIMILARITY OF PLAIN AND POST-ADDED CURED COHESION
CURVES TO 1974 LWT CURVES AND MARSHALL FLOW AND

WIT CURVES.

(e) MODIFIED EMULSION 60C CURED COHESION CURVE
SIMILARITY TO LWT TRACKING CURVES.
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4, F"hyslcalATesrs on Cured Slurry

‘a. Wet Trock Abraslon Test (WTAT) - measurement of reslstance to mechanlcal
abrasfon, kick—out, Intemnal mat adheslon
b. Loaded Wheel Tast (LWT) — traffic simulatlon, measurement of reslstance to

flushing under heavy traffic loads

5. Selectlon of OpHmum, Design
a. State Maximum llmIts to WTAT = mInlmum asphalt content (75g/SF?)
b. State MaxImum limlits to LWT = maximum asphalt content or
State Maximum LWT limlts for Traffle Counts
Light =0 to 500 ADT (70 g per SF?) sand adheslon, IOOOf@IZS Ik,
Medlum = 250 to 1500 ADT (40 g per SF?) ‘
Heavy = 1500 to 3000 ADT (55 g per SF?)
Very heavy = 3000+ (50 g per SF?)
c. State Job Tolerance Limlts (Contractor Proflclency)
d. Drow graphs of the physical test data and superimpose the stated Ilmlh

and read optimum asphalt content.

A, MINIMUM ASPHALT CONTENT by

STATED
— LIMIT
(50-70 g/SF)

STATED
— — — LIMIT
(75 g/SF)

Abrasion Loss
Sand Adi-;esloﬁ

f— — c— a—

Asphalt Content Asphalt Content

S. MAXIMUM ASPHALT CONTENT by

WET TRACK ABRASION TEST LOADED WHEEL TEST

LWT CURVE

\ / __STATED
=iy LIMITS
'FZ ot H S
/e
= WTAT CURVE
— 1 ALLOWABLE AC RANGE
— TOLERANGE RANGE ( 3%)
' MEDIAN TOLERANCE RANGE =
—— OPTIMUM ASPHALT CONTENT ( + 1.5%)

GRAPHICAL DETERMINATION OF OPTIMUM ASPHALT CONTENT

-



.

401

%o ASTHAL EMULS100)

#415-| LAar-| N, ofs wawn. T5SE RolohTE

TRAcK DefTH s, LoVerTWICKNES [crb Fewo

40

/
i)

8

2 \o .
u 30 A q5-%
& & ?,
p’ ~ yd q’\'l- 2
2 % <5

' ()

Eqa <90 .
\%g \w/ 4{
o) . [}

Q ®
B g -~
§ . \o
sl
(1]
2
&L
3

Y ) ¥ Y v -
8 2 \6

J-|I
2

1000 Qyties @ 2s 1BS, I1SF
S

Lonped Wheet Testllur) TRACK DEPTH 1D mum..
°

%o ASPRAST EMURSION

“Teack Deerht s, TCHNESS.

V6

¥420-\ vs. 0/5'MNV\.,7SSE olomKG

[c=n eho

WUT TRACK. Depmit  PerfaT OF UNComPACTED “TadAIBSS
looo CxCbEsS @ 125 Pt , 1S

{ooo CYCleES @. (25 Ps‘) ase

WOT 1RAC. DEPTn  PERCAIT OF UlCoMPACTED “THcNAESS

40f:

307
\, ! [} [
[+ ..|.L” |
N 287 am g
\0\—‘ '
. T i
10 :
8 e \b

% ASTAT EmuLSioN)

HAS § 4VT-| NS, Of5mm,15 SEDoloMnE

wﬁm‘mmsmmsmwws.‘fmml}ess bc%#eb

40F:
30F
[ed
)-
\ /
0%
o
8 2 \b

%% ASTMT EmMuLSION

(P"'

#420-\ s, o/sM.M, 15SebdolomiTe

oERTIcAL DS PLEMENT Als Thiekiless, fees S




.4.0 ‘

°

T{/e/
)

2 /-‘é‘
T 30 —
kEa

54

3y

R

7 4 N
23 3
3 8

p §

3

0

[ii}

2

9

8 | 4 1o
%o ASPRALT ENVREION)
4 4284 n0. O/5mmvm, 15 SE. DoLoMITE

TeACK Derht Vs. THICRNESS  /e-S/se

# K%
2

4 .

" Lonped Wiest Teer(hwt) RACK DEPTH 1 mun..
oco Qies @ s W8S, 1sF
- N
° °

A

7 4

D
/w/
8“')2"'\6—

%o ASPRAIT EMJIEI0N

5K A5, Ofs anmn, T5 SE GRAVEL
s, [ceB ko

407

i

3t § =

L

| ¢
\t)

§§, 10k \:?\k‘i

N

;

B8 \2 \0b
% ASPAT EmuLsioN)
2928\ Ak, O/Gmm., 15 SE DOLOMTE

i
Y/ERTChL T \é&wms.ﬁ\cuu% feel e !

!

40f:
¥ 4?-. —
g Iy
o
%& /0 :
;,g 0% !
AEan
&
8
8.% .‘0“" _,o’/
\%
B' I '\z' ‘ .w

%% ASMALT EMULSION
5rIins. Ofswm, 15 SE QrAvEL 7=

Yo \ernuat DISAABMENT 45, TACKNESS R T



' £ 415%
o
3 1914 Dwh
\E 20F
g 2
A 2
¥ 4 d
[]
(699
L g g
i -
£EQ ;
1 u
w
- 0.
a 1] L] L] ‘z 1] ] L) ‘b L] | L qo

% ASPWALY EMuLSIioN)

14, " YEWiar GRAEL DATA (amPated WITH
l\‘: 92: m“)g(ema 155€ NS, “Commopivy " EMULSION

I N ERTICAL DusA AtemesTer Compronnn 88 S

2% AG-

t &) AE-

1% AE

|®TohE:

e 3 e e —— -
PR B PO RS~ P

'2.°°/DAE:

L
b

12
o 10 4
<+
=
.
E.? 8
~
o
8 6
g\ .
g E
75
o
5
0

> —p

Marshall Flow
(mm)

60
\00 200 %00 ~
CYcLES-125 PounD ‘
F\G12a. 12S POUND LWT COMPACTION
CURVE S- XEWIA 4+ p6G. .
60/70 PeN. ASPAALT \}-‘
12 2
X
10- %
84
6 -
4 4
2 2




7
\

€

1onnen Wnere Tesvlian) TRACK DEPTH 1) s,
teco Greas @ nm W8S, 85
L
;‘VI/’
hY
b ap

Ny i

] 13 113
Ve ASPAACE Brdgon)
2428 we. 4§ avem, 15 S6. DeroMNE

THODenn Y Thougsy  Ars-She

e

h .
Y /e

.
% W'*

1ongen Wieet Tesr(iarm) TR DeotH W) o
100 Srtiat @ 3 W8S, ISF
€

8 (1 [
Yo ASPRACT Bhg0R)
S4¥5 {5+ M3, of s ISSK Daiones”

TRsAerm NpanETHOolrs fas

2

-
~_|

/ *

N

8 113 "
Yo ASPRATT BrMAa0)
S0 vE G suen, TASE DOASATE

“ocx rern w2 Thouumss  feas ok

1oanst Winere Test(iun) TRACK DAPTH W s,
1000 Lrtiat @ s W8S, 1SF
&

§

”n

L

00 m&rg.&‘qm

Lot

A

oK
ol

g

WIT fRAGL Detmn  fretewsT OF diseaaren f) .

%

(13 13

% ASPMACT EmutSin) -
G125 & S, IS SE Do

Aactiups o2t P

ant-
o

10 m@.r"“,q‘c
)

BT TRAOL DedTH femtmur off oM ATED Taless

8 ’ (12 113
% ASMAT Emuition)

RUTAY AT & O5enon, 1556 Dalsart

Sooxner, DiAMomvTt Tuoars,  kxaTiee

-

§

&

(se0 Ot @ 2% P , ISF

\N7

a

BT {RACL Drorn  Pretewst™ of iios rcted Tiveruoss

<

" (13
% ASPWMY Emuitiot)

#420-\ 43, O/Kanw) 13IEDOLOATE

&vmm«n.wgﬁ(..ug ken S

? .
\ ) 48k
RAR LT

NG 7 = e g
7\

—— e i— -



&
N

£
N

.o-/

Longen wmt’u\-ﬁuﬂ TRACK DEPTH (L) amr,
w0 Cvuas @ g i8S, 18P
&
N

8 13 "W
Vo ASPRALT Emhbon)
25K wa OfS e, 75 SE CusnveL

tec0 CLa3 Q 2m Fl , 15

BT TRAGLDeoTH  PeatansT oF Uonhaes Tmawess

+
"
ot 3
Y
. L
A /
g} —\r’/
s e .

% ASPAT EmnSion)
#ENK s Ofc e, 15 SE JravEL

Yo Vearun Dshmanenl . facusecs fert o,

Thiack Devmi s LM Tcuiess, ke G
St = L
g
: 4
3 1974 b /
. 4 ,
Y s
L
g / 198k b
X3
g
g
4 5 - [
2 /"
E_!_ m—-},
[ ) (13 ¥ 13 RS
% ATIAY Emusion) I
TR, |
) :c_m.___w‘.mmom%

e e
J N R
bl BB . by
st - . ..
4 .
% 39 . ] : i ' 1. -
] .
o ; | Coal
e i .
o4 !
;0 2 Rape R I
. .
5 7 RNL LD TE -
[4
2 20 | 5
= s
S 18] -
€ ! o
¥ X - :
© 14 l - ~
J
8 w; I ,
() : - .
. . i
"i O W % & (6 18 w0 o . l :
: 'I.em‘msbasw . -

oanes. |

]
EFvect| o% - .
o)) CURGD RoMEstoly . | | S,

60C Cored CowestoN - vg.em Otoo WP

QLL_. -

aadhhaddd o

\— o318k

il

el L I Y Y

CVEAr B - 128 Seuus

Bidifa 48 toms bh romtnciun

Lonva o DamAReenoa
sarve ew asteast

36 - T n__:
» T
.. e L o

52 . - —t— - .

¢ P (w.l.mn\ .

———— | .
301 : /_ ] 13 .w,n f-«nm
2 - @3 e -
ebfo— — | s haver)

- Brd %% Lntﬂ.'uw
24 - )

) @% LAy
2 . Piaw umm
20 - :,:
181 ' 5
161 : i P
)
N "1-' '
) 1l
2 1 ! 1 I !
o +—Y . BS—
a' [T n. M e 8 2O AW
%o EULSIFIED ASALY

‘W'\%' ‘. Lavex fast. Abomod

- l |-
SRSt B B B

Cy
o \wo j va-fﬂufms! .

.
i

10--

s

e A A B ety S ey T S v

e agn

R

st mpany -

A W = e S b e e e a4



-

Marshall Quotient (kN/mm at 60°C)
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Fig 2 Marshall stability vs wheel-tracking rate.
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