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Tony Speed’, 'Yilmaz Fisekci, Ph.D?

Abstract #& it

Observing asphalt paving operations and later during site inspections
over the last three years in China has revealed that compaction of the
mat leaves a lot to be desired in providing a well-built asphalt pavement.
Correctly compacted asphalt pavement will have the appropriate density
and void ratio to minimize water and air penetration as well as inhibit
rutting. Furthermore rolling will leave a smooth finish, which will enhanc
the ride of vehicles traveling over the pavement. Knowing ho
compact asphalt pavement correctly requires knowledgeable operator

and supervisors who can correctly identify problems and take corrective
action.
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Introduction 4+ 4

The criteria usually used for acceptance sampling are determined according to the following tests:

R R AR HE R IR UL R g R AT /Y

Test Test Protocol iX3 75
Criteria Method China ASTM | AASHTO | Comments ;
FrHE EI T H[F EHE %HE #E
FRAE ARt AL :
Core TO707 | Dt188 | T275
Density SRR \.J
EE Nuclear D 2950
SR
Air Voids Core TO707 [ D3203 | T269
fLEE L BER R .
California
?Fn%;)o&thness Profilograph \\_))
" 0 )k A 2R (X
Segregakibn
BT
Waves
WAL
Hairline
cracks
Appearance | Visual Visual e T 4
L4 A A Improper
matching of
s joints 4% 4% &b
HAY
Roller
Remarks
1B AR

If the paving contractor is to achieve the desired density and void ratio and provide a smooth running
surface, he must have skilled operators who can recognize the appropriate temperature range for the
operation of the roller in the initial or breakdown mode and then get off the mat and wait for the mat to
have cooled, then finish the rolling to provide a smooth traveling surface for vehicles.

W RAERR I T EIA R TRAR A A ERR b, MR R T A TR R A, R % AR RE
B, EREBYLBATA LM BB RS T S B S & IR A, DU DR IER, SRR L v I i
HATHR, ERETHFEEGE

Segregation of the bitumen and aggregate during transport from the asphalt mixing plant also
continues to be a significant problem, although steps io overcome this problem have been recently
made, through the addition of a re-mixing car in front of the paving machine. Howsver putting this
problem aside, the basic job of the roller is to achieve the desired compaction and provide a smooth
surface.
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The amount of voids in an asphalt mixture is probably the single most important factor that affects
performance throughout the life of an asphalt

(1,2) pavement. The voids are primarily controlled by asphalt content, compactive effort during
construction, and additional compaction under traffic. The density requirements and the methods of
measuring density vary considerably from province to province. Most provinces compact samples in
the laboratory during mix design and during construction and use that density as the target density.
How much density should be specified and obtained during construction to insure good performanc
The two primary methods that have been used to measure density include measurement
density of cores taken from the in-place pavement and use of a nuclear gauge to measure the in

Most engineers agree that measuring density with a nuclear gauge is not as accurate as measurin
the density of cores, Many provinces use the nuclear gauge for developing rolling patterns but specify
that cores be taken and measured for acceptance or rejection of t e mix.

HERERTMELLN - LKPERE (1, 2) FMEGRBRENER AR SHESR. TR0
REZOR. URBENRER X, YESEHEENERSNETEMTEFRERA, EROHERE
W, SHRRAELREAHERRLHTE: B IRERRRNOEEAIEYSE, TS A5 wE,
TEME TP i BRI B AT IR 441

T B PR B A, IS OCH B I Bl 1 BT S R I B AR . KRS IR
TARAL RGBT T H NSRS B A, S 4 SR E 7 205 B R B IR & R b 38
W, HART SO T R HRINE S T A8 R

Degifed Density #RE&i

The v&T#ran asphalt mixture are directly related to density; thus,

density must be closely controlled to insure that the voids stay within an

acceptable range. There has been much work that has shown that the initial in-place voids should be
no more than approximately 8 percent and the in-place voids should never fall below approximately 3
percent during

the life of the pavement. High voids lead to permeability of water and air resulting in water damage,
oxidation, raveling, and cracking. Low voids lead to rutting and shoving of the asphalt mixture.

PHRREGHOILR S ERARNAX, BABERUARBE—EWAFLRE. KBYSERITY TR
VIERALBUE A RN T 8%, FUIFBRENEARN, FHLAREEDTL 3%. FBHdx, Bkt
AN MEBSEERTGRBERE. fi6. 0. mERS, ABIEETE 238msReRERE
LR

In a study for the State of Arkansas, USA (2), it showed that asphalt mixtures should be designed and
constructed so that the in-place air voids stay above 2.5 percent. As long as the voids are above 2.5
percent, he showed the expected rut depth would be no greater than 8mm. This study was based on
tests conducted on asphalt sampies obtained from in-place pavements. The rut depth reported was
actual measurements on these pavements.

EXREFHEN (2) FBETIPRN, HEHRASHNEIHE TR ASE 2.5%0 k. &
2.5%0, FRNEMERRALKT smm. HHHTR NI M0 E B S 0RRE R, TH
IR iRt R ZE A ) A RS T SR
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In a study of rutting of asphalt pavements (3), it showed that significant rutting was likely to occur once
the in-place voids reached approximately 3 percent. When a suitable aggregate was used and the
voids stayed above 3 percent, rutting was normally not a problem. Some of the projects evaluated
showed significant rutting while the in-place voids were well above 3 percent. It was speculated that
one explanation for this was that the voids decreased to an unacceptable level at which time rutting
began. Once rutting began, the integrity of the mix was lost and the voids increased. For these mixes,
it was generally found that recompacting the mixtures in the laboratory with standard compactive effort
produced low voids which helped to explain why the rutting occurred.

ENTEREEMANA (3> PRI, JIMHET 3%, FREBHEMHMILT: AEMH &R
E¥h, FLBRERRFAE 3%LL R R B R MR . — L TR IHLIRELTE 3%LI ERES I E
4, FEIREERILFEL I —EREN EHHMBREINT, BARSE TR D EE B L)
WInT . MFXERE, ERRILE TR EHRUERE 73R &R R RIER,  FLER s B M AGK
At IER.

In a study of asphalt mixtures in Canada(4), looked at a number of
causes of rutting. It was determined from this study that one of the
primary causes of rutting was low voids (below 3 percent) in the a%
mixtures. In another study it showed that asphalt mixtures
approximately 8 percent air voids.
As long as the voids were below 8 percent in the ten projects studie

In a study of segregated mixes (€}
water as long as the air void con

by e

Other researchers (7) showed that thE=retained penetration of asphalt

cementic, affected by the air voids in the asphalt pavement. The loss in asphalt penetration is greatly
for air voids significantly

ter than eight percent. Asphalt mixes must be constructed with low air

(beloy, 8 percent) to prevent rapid cxidation leading to cracking and raveling of the asphalt

AERBERSETID, TR THRERNERER, Hb— 1 EEREARHFE RS LR
6T 3% R R4, LILEEA 8% B REEHE KRS, B 10 M LRENOBRAN,
BRELIET 8% M KHEmERirt, —EBT 8%, M KARMBEBI A, ARGHKMAT (6) W
KI, LILBRLLET 8%, T RERANEAK: SLERILE T 8%, BKEEpREE M.
HAEMREERY (7) , HFRALRENSELZIMLKERIER, SHR_RELRILET 8%
it R RS KRR I, EULEH R E R E R, MARFILREET 8%, LBLHTEERS
R R SR A A RN S M RO RA L

From these previous studies, it is apparent that asphalt mixes must be constructed with an initial air
void content below approximately 8 percent and the final air void content after traffic above
approximately 3 percent.

The initial air void content is determined by comparing the in-place bulk

density to the theoretical maximum density for the mix being evaluated. The final in-place air voids are
estimated based on the mix design and field quality control testing. The voids obtained during the mix
design and

laboratory compaction of samples during construction is an estimate of the in-place voids after traffic.
The number of blows with the Marshall hammer were initially selected to provide voids in laboratory
compacted samples equal to the measured voids after traffic {8). Hence, the voids determined from
laboratory compacted samples is an estimate of the final in-place voids.
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MU LERRRNIMATLUFHE R, HERSHOE TR, NEFENIRILETY 8%, BEE
FLBRLE R T4 3%, TRAMTLMIR BIGBARER 5 IR SR E R0 %R BB 3 5 h A
(. WA ELHTURR LR VR A RS L BT HE M TLRR bE, DU ME T Feed 4% 5,70 S50 38 OB I T WA o
M. 5L BUR SRR A BN A T 1 e R SRR ATSATLBE LE OB, 5% AL Hol
BNHEMRA @) . Et, FRHBERR TR RIS SRR S 5.

Density Specified as a Percent of Laboratory Density
I W T A ey AR

One method that has been used to specify density is to require that the

in-place material be compacted to some percentage of the laboratory density. The standard laborat
density is specified as 50 or 75 blows with the Marshail hammer. In recent years most provinceig ha
required 75 blows for high volume roads. Typically specifications will require at least 95 per
laboratory density in some cases to as much as at least 98 percent in others. Some specification
not aliow mixes to be compacted to a density greater than 100 percent of laboratory density. Whe
mixes which are designed to have 4 percent voids and are compacted to a density greater than 100
percent, premature rutting is likely to occur.

6, B G0BR 75, ZLSFSR, WV ST A 308 B A Bk ANESS 75, SRR S e
(B H D> 96%, HEKNY 98%. TH —LHHEER LR SRS H N HREAH 100%. 2B 48
B 4% ML, 253k TF 100%MEEF, EHmait Bagna,

specification to work

oduced during construction

have to be compacted in the laboratory to establish a reference density and to determine the air voids
in t ™ at reference density. If the air voids are not satisfactory in the laboratory compacted
es during construction, then the mix must be adjusted so that acceptable air voids

tained,

Most o € adjustment simply involves a modification in the asphalt content. The density produced
during the mix design should not be used as the reference density since the laboratory properties will
be somewnhat different from test results on plant produced materials. Sometimes aggregates break
down during mix production, creating an increase in dust, thus altering the properties of the
compacted asphalt mixture.

ENEEREFEMER, BRETEREFIANEBZAFEE: SEEH LBRFTEREEIERES
s RN R — A SRARIUR LR S L HE, HHEARELEMLREARIER, RS
FREE A BT B LU A B A AR M FLER L

WHARG, WEEHARSHESEEX. EROBELET NGNS ETRIEN S HERE, EY
ELEFHH SR EOMEARERT ERK 5. TS REER S ERERNERE, M
T H R &R LR &8 BT,

The density produced with a manual hammer has been shown to correlate with density in the fieid
after traffic (8). Hence any other type of

compaction (mechanical or otherwise) must be calibrated to produce a density equal to that obtained
with the hand hammer or better yet should be calibrated to produce a density equal to that obtained in
the fieid after traffic. The procedures specified in ASTM D 1559 and ASHTO T245 for the Marshal! test
require that the manuai hammer be used or the method used should be calibrated with the manual
hammer.

- 5.
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Density data from eight projects shows that the in-place density (80th percentile) after traffic is 35
kilograms per cubic metre higher than that obtained in the mix design. There are likely two reasons for
this higher density after traffic. First of all the mix likely changed some during production to increase
the laboratory density. Secondly it is likely that the laboratory compaction effort was insufficient and
thus should be increased to be more representative of traffic. It also noted that the density of the
mixes recompacted with the manual hammer compare closely to the in-place density. This data
emphasis the need to compact samples in the laboratory during construction to verify voids in the
mixture and it verifies the need to use correct laboratory compactive effort.

ASERT THLEEENERE RS EREESNRBHEEMAEL (8 . FtAHEELFR
WRERH ) R ARHE R 5 TF T 4 R AR R A A ifﬁﬁﬂ%ﬁiFﬂ%W&ﬁﬂm%E %%ﬁ

REHTELE ASTM D 1559 T ASHTO T245 bt Bk A F THE RS T4EY A R 5K :
MEEERET, BERWASHER (80 MEA LD H 35Kg/m®, BE TRABHE I 0 FRE. W
FRERENRERTRN: K —RESEET R TAREBIEmMN T wRZMEEE: LR
RENELARSMAEEEM. IRRAEERAFIEFRELENRANEESHHESHNER
HEIE, FEGEERET TR ALRENELRER A T HITR SN B, 7o 5 7ER 5% Bk
FIEREENE.

Suppose a mix is designed to provide 4 percent voids and is specifie
be compacted to at least 95 percent of laboratory density. This spédification will result in up to 9
percent voids immediately after com 0 and should result in approximately 4 percent voids after

several years of traffic. The initial v ent) may be a littie high with this specification, however,
the final voids (4 percent) shoull! be acc stable. The high initial voids may result in increased
oxidation causing more cracking a%¥ raveligy
mix is subjected to a high volume of -\--.r.-.-v"'r

if significant traffic to provide further compaction. If this
en a small rut (5 percent of layer thickness, eg. 2.5 mm
for 50 mm layer)} will result after additional channelized compaction under traffic increases the
n 95 percent to 100 percent of laboratory density.
is designed to have 4 percent air voids and is compacted to a

ry compactive effort is satisfactory, then past experience has shown that it is not
practi e contractor to compact the mix to a

density greater than 100 percent. Hence, any project which continually

approaches or exceeds 160 percent of laboratory density is likely the result of low laboratory density
not excessive compaction in the field.

DB B AR B 4%MHLER L, KR EHEERLE D 95%, MIEE/FILIREL LS R %] 73
9%, BHEILEFARIEA TR 4%. RBEERBHOWHIRE (9%) BiFEAH, BRENL
BREL (4%) RIF&EERH. NRBHZEERA, WHRAMLTHSMESNM LR, URAME
. MRXFREARENTERRNAREIK, 1)

SEAEPAABRE, EXRIEEN 95%HINB] 100%, ML E B~ —HEHE 8
(6%HIZEE, #% 50mm EM@, W% 2.5mm) .

FHBEBA 4% LBLT, LREFEFERKTF 100%, WAFESERBIIER. ELRIES
FEENR, UEMLERWIENTHLINEET 100% 2R TH. Bk, FEERKT 100%MK)i4
RERE, SRIFTHMEML MRHLERTHRE.

This method of specifying compaction will result in good performance of properly designed mixes if 1)
laberatory samples are compacted during

construction to establish reference density, 2) correct laboratory techniques are used, and 3) minimum
compaction requirement is set to insure that in-place air voids after compaction do not exceed
approximately 8 percent.
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EANFLERTEENRASEER S SETHBETMC, BEEE IR R MELNEY —
MEENEEE, FEEAEMAORR T, B=RIESRE/METHAESL GRS AR A KT
i 8%.

Measurement of Density — Core Method #F/ S it- BUiL3E

The core method of measuring density is the referee procedure for

density measurement and is the standard to which other methods (nuclear) are compared. This
method does require a significant amount of time since the pavement has to cool before cores can
taken and the cores must be air dried to cbtain dry weight. In most cases the density resuits t
core method are obtained the day following construction.

The method most often used to obtain core samples is to randomly locate

samples and to cut the core full depth and saw or otherwise separate the

layers being tested from the remaining material. This should be the most

accurate method of evaluating the overall density of the pavemen

least disruptive to the paving operation.

AEHMRERA T EEEENRNEE T, WREHEHE (BY 3 LG BRAE . JE A iR R
WP EFREAD SN RTFIREHE, 1ESHEFRERTLUERTRY SHRERABRERLE X5
RECEERAEENE R, BFRBIMIUCEFDIE-EHE, AU THESER#TRE. Wh
R v BT T BRI B R R R 11 e R T RV BB B R R R N D
A problem that sometimes occurs (@ dg the bulk density of a core

is failure to allow the core time to l\".‘_‘:: Obtaining the dry weight. The
core should be allowed to air dry prior 16 measuring density. Drying in an

=& elevated temperature may resuit in distortion of the core and,

#, result in an error in density measurement. Measuring density of a core that is not completely
ill result in an erroneously high density value.

of density test results was less when measured with cores than when measured with a
nuclear device(9). They looked at three

nuclear gauges on two construction projects and found that there was a statistically significant
difference in the average density when measured with cores and nuclear gauges.

FREBN M REENHASHEFREERTERE, ANNELTAHEE. BdaSHIHRNT
ARELETR, SPHOHERMERERIRSGR: FHERTETROSHE, XLWER0EE
EREAERSOESE.

S5BF AR (9) X, REESHN —RARKRSREREL. £REIETHRRERER, H
BUSHER A TR I i # R EHE LR K. _

Measurement of Density — Nuclear Gauges ¥ it - B 1%

Nuclear gauges have been used for a number of years to measure the bulk density of asphalt
mixtures. This technique has several advantages in that the method is rapid and non-destructive. Most
density measurements on asphalt mix have been done in the backscatter mode. In this method, the
gauge is set on top of the pavement and a reading is taken that represents the average density, that
may be representative of the top 150 mm of material, but the layer being evaluated may only be 50
mm thick. Part of the error is removed by calibrating the nuclear gauge to provide the same density as

v .
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that provided by cores. Errors still exist due to variations in layer thickness and variations in density in
the underlying layers.

BT ERTINRGFREHEEREENHEZ—, LRSI SRR R E TR . K35 &
FAAKTEALES R MBS MTR, METRATRTHERED L, A2 B r FHEERZY, 0
T E R RR N TR K 150mm, % 7 (CREE A 50mm. X Bl SR TR B E] 5]
SEEHFANFERE. MTREREEA—HUETERNEREAR -, SRWRETRIFE.

In recent years, a nuclear gauge has been developed to measure the \

density of thin lifts. This new gauge should provide greater accuracy.i
density measurement when compared to the previous gauge
accuracy have not been developed.

The best use of nuclear gauges is in development of rolling pattern!
quickly determining approximate density. Because of the possibility i error with nuclear gauges, they
should never be used alone for acceptance testing. Some cores snould routinely be taken to verify
the accuracy of the nuclear and to j#=ffsthat an acceptable density is obtained.

Many projects have been constr in th the nuclear gauge was the

method used to measure density yyen if 42 gauge is calibrated daily,

problems can develop that resuit inrate readings. This is not a good practice to follow.

AT ML TTAAA T B # E A TEREN SRERNARFOGHE, RN ERRA
FERERERBIET BAEREEREAS. BTTLEFSA TRES XM, e RE e
o R F OO RRAAIETRE, —RREMMRRN ARIMER . 7R 0BG T T B ERG
R, T RIERE M,

CEBTHME Y AFSBREMAZTOCRIKER, BEESRMEFOOE TR, BN RERIIRAT
T, R HEREEHE T OEAERRRNE.

icient tests to show overall
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