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Concrete mixtures intended for pavements have purposes and 

mixtures, such as structural or mass concrete. Thus, a guide for 

-

describes a method for designing mixtures and selecting trial 

-

designing the concrete mixture in the context of pavement struc-

tural design, concrete production, construction operations, and 

the environment in which the pavement will reside. Trial mixture 

proportions are for concrete consisting of normalweight aggre-

guided screeding. The method provides an initial approximation 

-

mance potential for mixing, transporting, placing, screeding and 

also considers the hardened concrete performance parameters of 

-

incompatibilities of materials in given construction environments 

-

-

tics. Special concrete pavement mixtures, such as pervious concrete 

or roller-compacted concrete, are not included in the document. 

This is a dual-unit document; however, paired values stated in inch-

Keywords: aggregate optimization; aggregates; cementitious materials; 
À\ asK; incompatiEilit\; intermeGiate aggregate; mi[ture proportioning; 
mi[tures; paYements; slag cement�
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CHAPTER 1—INTRODUCTION

1.1—General

7Kis Gocument is intenGeG to Ee useG as a supplement to 
$&, ������ speci¿call\ Ior paYing concrete mi[tures� $&, 
����� proYiGes an in�GeptK Giscussion oI concrete mi[ture 
cKaracteristics anG tecKnolog\� ,t is unnecessar\ to repeat 

tKis inIormation ZitKin tKis guiGe� 5atKer� tKis guiGe Zill 
point out tKe concepts speci¿c to paYing mi[tures tKat are 
not Iull\ GeYelopeG in $&, ������ $GGitionall\� concepts oI 
materials¶ compatiEilit\� GuraEilit\� solutions Ior alNali�silica 
anG sulIate reactions� anG aggregate graGing optimization 
are more Iull\ GeYelopeG in tKis Gocument� 0i[tures consiG�
ereG in tKis Gocument ZoulG Ee suitaEle as paYing mi[tures 
Ior airports� KigKZa\s� streets� or parNing lots�

1.2—Mixture design goals

7Ke Gesign oI a concrete mi[ture suitaEle Ior paYing 
incluGes tKe GesireG outcomes oI proGuction� construction� 
serYice liIe� econom\� anG sustainaEilit\� 0aterial selection 
anG mi[ture proportioning are tKe means oI oEtaining tKe 
goals oI tKe mi[ture Gesign� anG sKoulG consiGer materials 
suitaEilit\ anG aYailaEilit\ in relation ZitK tKe proposeG 
proGuction tecKnolog\ anG construction constraints�

,Geall\� tKe concrete mi[ture Gesign metKoG Zill assist tKe 
mi[ture Gesigner to �7ranstec *roup� ,nc� ������

�a� ,GentiI\ important perIormance criteria tKat are Iunc�
tions oI tKe climate� ZeatKer Guring construction� serYice 
conGitions� anG importance oI tKe proMect

�E� ,GentiI\ mi[ture perIormance criteria �sucK as strengtK 
anG GuraEilit\�

�c� ,GentiI\ recommenGeG test metKoGs
�G� $ssess tKe impact oI cKanges in ZeatKer� construction 

proceGures� materials� anG proportions on constructaEilit\ 
anG serYice perIormance

�e� 3roYiGe metKoGs Ior aggregate ElenGing
�I� 3roGuce mi[ture proportions EaseG on all tKe aEoYe
�g� 3roYiGe mi[ture perIormance criteria optimization 

opportunities
$ successIul mi[ture Gesign Zill meet tKe perIormance 

criteria oI tKe paYing contractor Ior� tKe mi[ture¶s aEilit\ to 
Ee properl\ mi[eG� transporteG� placeG� screeGeG anG consol�
iGateG� ¿nisKeG� anG te[tureG ZitKout segregation ZitKin tKe 
constraints oI tKe proposeG construction operation; scKeGule 
�incluGing ZeatKer�; proGuction tecKnolog\; anG material 
aYailaEilit\� $ successIul mi[ture Gesign Zill also meet 
tKe perIormance criteria oI tKe oZner to proYiGe su൶cient 
strengtK� GuraEilit\� Zear resistance� sNiG resistance� anG 
Gimensional anG sKape staEilit\ ZKile acKieYing econom\ 
anG sustainaEilit\� 7Kese properties are interrelateG� )or 
instance� placeaEilit\ anG ¿nisKaEilit\ are important to tKe 
integrit\ oI tKe top ��� in� �� mm� oI tKe slaE surIace� tKus 
a൵ecting resistance to Ireezing anG tKaZing as Zell as Zear 
resistance� 7o acKieYe all tKese goals� tKe optimal comEina�
tion oI materials anG proportions sKoulG Ee proYiGeG�

7Ke Gilemma oI mi[ture Gesign anG proportioning inYolYes 
conÀicting comEinations oI Eene¿ts anG GisaGYantages as 
materials anG proportions are YarieG� 5eGuction oI Zater 
content Zill increase strengtK anG GuraEilit\ ZKile reGucing 
sKrinNage anG eGge slump� ,t ma\� KoZeYer� negatiYel\ impact 
¿nisKaEilit\ anG smootKness� ZKicK reIers to tKe unGulation oI 
tKe concrete surIace eleYation� not tKe surIace te[ture or sNiG 
resistance� anG coulG reGuce tKe aEilit\ to entrain air� tKereE\ 
reGucing GuraEilit\� 5aising tKe air content Zill increase Gura�
Eilit\� Eut loZer strengtK� 8se oI locall\ aYailaEle aggregate 
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ma\ Ee less e[pensiYe� Eut gap�graGeG or poorl\�sKapeG mate�
rial ma\ negatiYel\ impact ¿nisKaEilit\� smootKness� anG eGge 
slump� ,ncreaseG Zater content ma\ increase ZorNaEilit\ anG 
¿nisKaEilit\� Eut Gecreases strengtK anG GuraEilit\� 0aterial 
incompatiEilities Zill IurtKer complicate tKe issue� 7Ke intent 
oI tKis guiGe is to ¿nG a Za\ tKrougK tKese issues anG proGuce 
successIul mi[ture Gesigns�

0i[ture Gesign criteria taNen into consiGeration in tKis 
guiGe incluGe�

a� 6lump
E� $ir content
c� 6trengtK
G� 5esistance to Ireezing anG tKaZing
e� 6ulIate attacN
I� $lNali�silica reaction
g� 0oGulus oI elasticit\
K� 7Kermal e[pansion anG contraction
i� 6KrinNage
M� :arping
N� &urling
l� $Erasion resistance
m� 6etting time
n� 3ermeaEilit\
o� &orrosion resistance oI reinIorcing steel

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

Abs  aEsorption oI an aggregate
AEAadj  aGMustment oI Zater reTuirement Ior use oI 

air�entraining aGmi[ture
DRDavg  Gr\�roGGeG Gensit\ oI comEineG &$ anG ,$ 

aggregate
DRDCA  Gr\�roGGeG Gensit\ oI coarse aggregate
DRDFA  Gr\�roGGeG Gensit\ oI ¿ne aggregate
DRDIA  Gr\�roGGeG Gensit\ oI intermeGiate aggregate
fc  compressiYe strengtK
fcƍ  speci¿eG compressiYe strengtK oI concrete
fcrƍ  reTuireG aYerage compressiYe strengtK oI 

concrete useG as tKe Easis Ior selection oI 
concrete proportions

adj  aGMustment oI Zater reTuirement Ior use oI 
À\ asK

Gadmix  speci¿c graYit\ oI aGmi[ture
GCA,OD  oYen�Gr\ speci¿c graYit\ oI coarse aggregate
GCA,SSD  saturateG surIace�Gr\ speci¿c graYit\ oI 

coarse aggregate
Gcem  speci¿c graYit\ oI cement
Gcm  speci¿c graYit\ oI cementitious material
GFA,OD  oYen�Gr\ speci¿c graYit\ oI ¿ne aggregate
GFA,SSD  saturateG surIace�Gr\ speci¿c graYit\ oI ¿ne 

aggregate
G  speci¿c graYit\ oI À\ asK
GIA,OD  oYen�Gr\ speci¿c graYit\ oI intermeGiate 

aggregate
GIA,SSD  saturateG surIace�Gr\ speci¿c graYit\ oI 

intermeGiate aggregate
Gw  speci¿c graYit\ oI Zater

HRWRAadj  aGMustment oI Zater reTuirement Ior use oI 
KigK�range Zater�reGucing aGmi[ture

 regression Iactor
admix  mass oI aGmi[ture
admix water  mass oI Zater in aGmi[ture
AEA water  mass oI Zater in air�entraining aGmi[ture
agg  mass oI total aggregate
base water  mass oI Ease Zater
batch water  mass oI EatcK Zater
CAadj  mass oI coarse aggregate sKape Zater 

aGMustment
CA,OD  mass oI oYen�Gr\ coarse aggregate
CA,SSD  mass oI saturateG surIace�Gr\ coarse aggregate
cem  mass oI portlanG cement
cm  mass oI cementitious material
FAadj  mass oI ¿ne aggregate sKape Zater aGMustment
FA,OD  mass oI oYen�Gr\ ¿ne aggregate
FA,SSD  mass oI saturateG surIace�Gr\ ¿ne aggregate

 mass oI À\ asK
 mass oI À\ asK Zater aGMustment

IA,OD  mass oI oYen�Gr\ intermeGiate aggregate
IA,SSD  mass oI saturateG surIace�Gr\ intermeGiate 

aggregate
SFadj  mass oI silica Iume Zater aGMustment
slag  mass oI slag cement
slagadj  mass oI slag cement Zater aGMustment

 mass oI total cementitious materials
water  mass oI total Gesign Zater
WRA water  mass oI Zater in Zater�reGucing aGmi[ture

 moisture content� aggregate
N  numEer oI test results in a Gata set
RD  relatiYe Gensit\ oI ¿Eers
S  stanGarG GeYiation oI fc

adj  aGMustment oI Zater reTuirement Ior use oI 
6&0

Slagadj  aGMustment oI Zater reTuirement Ior use oI 
slag cement

V  aEsolute Yolume oI a component
Vadmix  aEsolute Yolume oI aGmi[ture
Vair  aEsolute Yolume oI air
VCA,OD  aEsolute Yolume oI oYen�Gr\ coarse aggregate
Vcm  aEsolute Yolume oI cementitious material
VFA,OD  aEsolute Yolume oI oYen�Gr\ ¿ne aggregate
VFAvoid content  aEsolute Yolume oI ¿ne aggregate YoiG content
V  aEsolute Yolume oI ¿Eers
V  aEsolute Yolume oI À\ asK
VIA,OD  aEsolute Yolume oI oYen�Gr\ intermeGiate 

aggregate
Vp  aEsolute Yolume oI paste
w = Zater content
WRAadj  aGMustment oI Zater reTuirement Ior use oI 

:5$
wt  ZeigKt
ȡwater  Gensit\ oI Zater

2.2—De�nitions

$&, proYiGes a compreKensiYe list oI Ge¿nitions tKrougK 
an online resource� ³$&, &oncrete 7erminolog\�´ Kttps���
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ZZZ�concrete�org�store�proGuctGetail�asp[",tem,' &7��� 
'e¿nitions proYiGeG Kerein complement tKat source�

mass (weight)²tKis usage is proYiGeG as an aiG to unGer�
stanGing Ior users oI tKe 8�6� customar\ s\stem in ZKicK ³mass´ 
reIers to pounGs mass� Eut is oIten erroneousl\ calleG ³ZeigKt´� 
ZKicK is mass multiplieG E\ tKe acceleration oI graYit\�

stress ratio²ratio oI ma[imum applieG Àe[ural stress to 
moGulus oI rupture�

vibrator trails²localizeG areas oI segregation cKaracter�
izeG as mortar�ricK anG oIten ZitK a compromiseG air�YoiG 
s\stem�

CHAPTER 3—BASIC PROPERTIES

3.1—Desired properties

7Kis section presents concrete EeKaYior tKat is GesireG 
Guring proGuction� construction� anG serYice liIe as relateG 
to speci¿c concrete mi[ture properties anG components� 
5egarGing proGuction anG construction� a maMor Iactor to 
Ee consiGereG is ZorNaEilit\� ,n tKis Gocument� ZorNaEilit\ 
incluGes ease oI mi[ing� transporting� placing� screeGing anG 
consoliGating� ¿nisKing� anG te[turing� +arGeneG concrete 
perIormance properties oI interest incluGe strengtK� Gura�
Eilit\� sNiG resistance� smootKness� anG Gimensional anG 
sKape staEilit\ �resistance to e[cessiYe Zarping� curling� or 
EotK�� 'esireG properties are aGGresseG in tKe mi[ture Gesign 
pKase eitKer E\ Eeing speci¿eG in tKe contract Gocuments� or 
E\ a Gecision maGe E\ tKe contractor�proGucer� ,I tKe prop�
ert\ is speci¿eG� tKen tKe contractor�proGucer sKoulG ZorN 
ZitKin tKe speci¿cation� Eut ma\ elect to IurtKer enKance tKe 
propert\ in tKe mi[ture Gesign� ,I tKe propert\ is not speci�
¿eG� tKe contractor�proGucer ma\ still cKoose to aGG reTuire�
ments�aGGitiYes Ior tKe mi[ture�

3.2—Workability

3.2.1
3.2.1.1 ²$ maMor Iactor a൵ecting tKe 

ZorNaEilit\ oI a concrete mi[ture is Zater content� ,ncreasing 
tKe Zater content Zill increase tKe ÀoZ anG compactaEilit\ 
oI tKe mi[ture� Eut Zill usuall\ also reGuce strengtK ZKile 
increasing segregation� EleeGing� anG permeaEilit\ �0inGess 
et al� ������ :orNaEilit\ Gecreases ZitK time as Zater Irom 
tKe mi[ture eYaporates� is aEsorEeG E\ tKe aggregate� anG 
reacts ZitK cementitious materials Guring tKe initial cKem�
ical reactions� ,ncreases in amEient temperatures Zill accel�
erate tKese e൵ects Eecause KigKer temperatures increase EotK 
tKe eYaporation anG K\Gration rates �0inGess et al� ������

3.2.1.2 ²(൵ects on all aspects oI 
ZorNaEilit\ are relateG to aggregate particle sKape anG 
surIace te[ture� nominal ma[imum size� anG graGing� 7Ke 
more rounGeG anG smootK tKe aggregate� tKe loZer tKe Zater 
reTuirement; tKus� rounGeG riYer graYels anG sanGs ZoulG Ee 
preIerreG in tKis regarG� 7Ke particle sKape oI tKe ¿ne aggre�
gate is especiall\ important to ¿nisKaEilit\� ,ncreaseG ¿nisK�
aEilit\ Zill result in less KanG manipulation oI tKe surIace� 
proGucing a smootKer�riGing paYement� as GiscusseG in 
����� anG ���� 5egarGing ease oI mi[ing� more rounGeG 
anG smootKer aggregate ma\ sKorten mi[ing time� $lso� as 

aggregate Eecomes Àatter� more elongateG� or EotK �Iailing a 
��� sKape ratio reTuirement per $670 '������ issues arise 
regarGing increaseG paste content� ,n some speci¿cations� 
tKe recommenGeG ma[imum limit oI Àat anG elongateG 
aggregate is �� to �� percent� &uEical or Zell�rounGeG parti�
cles are more moEile unGer YiEration anG ÀoZ more easil\ 
arounG GoZel EasNets� cKairs� anG reinIorcement� $ngular 
aggregate� sucK as manuIactureG sanG� can sometimes cause 
tKe surIace oI tKe concrete to tear as tKe mi[ture moYes 
tKrougK tKe paYer�

$ more Zell�graGeG aggregate Kas Eeen sKoZn to Gecrease 
segregation� ZKicK can cause Kone\comEing� )or traGition�
all\�graGeG mi[tures� it is recommenGeG tKat ZKen coarse 
aggregate graGeG Irom 1o� � to ����� in� ����� to �� mm� 
is speci¿eG� tKe coarse aggregates sKoulG Ee IurnisKeG in at 
least tZo separate sizes� ZitK tKe separation at tKe ��� in� ��� 
mm� sieYe� )or 1o� � to � in� ����� to �� mm� material� tKe 
separation sKoulG Ee at tKe � in� ��� mm� size� 6ucK separa�
tion is not necessar\ ZKen tKe speci¿eG nominal ma[imum 
size oI coarse aggregate is � in� ��� mm� or less �0o'27 
������ $ more Zell�graGeG aggregate Kas Eeen sKoZn to 
increase ¿nisKaEilit\ anG smootKness� %eing Zell graGeG� tKe 
larger particles Zill not locN ZitK otKers Eecause oI less Girect 
contact unGer YiEration anG ¿nisKing� 7earing oI tKe concrete 
surIace tKrougK tKe paYer is associateG ZitK gap�graGeG 
mi[tures� ZKicK are t\picall\ Ge¿cient in tKe 1o� � to 1o� �� 
����� to ���� mm� sizes� &oarser ¿ne aggregates are recom�
menGeG to reGuce tKe occurrence oI sKrinNage cracNing anG 
Moint raYeling� 0i[tures tKat are too sanG\ or ZKere tKe ¿ne 
aggregate is too ¿ne ma\ appear sticN\�

:KetKer to use tKe traGitional tZo�aggregate ElenG �coarse 
anG ¿ne�� or to optimize tKe graGing ZitK tKree or more 
aggregate proGucts� is GriYen E\ tKe Eene¿ts oI a Zell�graGeG 
comEineG aggregate� 7Kese Eene¿ts can incluGe tKe IolloZing�

a� (nKanceG ¿nisKaEilit\� leaGing to KigKer smootKness 
incentiYes

E� /ess Ga\�to�Ga\ YariaEilit\� leaGing to less intermittent 
proElems oI eGge slump� segregation� anG strengtK Yariation

c� /ess sKrinNage cracNing
G� /ess Moint raYeling
)or e[ample� 0o'27 alloZs a �� lE�\G� ��� Ng�m�� 

reGuction in cement content iI an optimizeG graGing is useG 
�0o'27 ������

+oZeYer� potential constraints oI using more tKan tZo 
aggregates to optimize graGing sKoulG also Ee consiG�
ereG� 7Kese constraints coulG incluGe� Eut are not limiteG 
to� economics� aYailaEle stocNpile space at tKe plant site� 
increaseG time neeGeG Ior tKe plant to measure a EatcK� anG 
increaseG Zater GemanG or paste content iI tKe aGGitional 
aggregate source contains Geleterious materials or unGesir�
aEle particle sKapes� 7Ke cost oI Eringing in a tKirG or IourtK 
aggregate or ElenGing tZo ¿ne aggregates is oIten o൵set E\ a 
cement reGuction or KigKer smootKness Eonus� or less penal�
ties Ior e[cessiYe cracNing �86$) ������

7Ke largest nominal ma[imum size �106� consistent ZitK 
ZorNaEilit\ sKoulG Ee useG to minimize sKrinNage cracNing 
anG proYiGe tKe most economical concrete� )or tZo�aggre�
gate s\stems� KoZeYer� tKe cKoice oI a large 106 is oIten 
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oYerruleG E\ sucK Iactors as aYailaEilit\ �Ior e[ample� a 
��� in� >�� mm@ 106 ma\ Ee tKe most reaGil\ aYailaEle 
coarse aggregate�� potential Ior segregation� GesiraEilit\ Ior 
smootKness pa\ Iactor incentiYe� enKancement oI Àe[ural 
strengtK� anG potential Ior Ireezing�anG�tKaZing Geteriora�
tion oI aggregate�

106 oI tKe aggregate a൵ects proGuction anG construction 
operations� $s ZitK particle sKape� smaller 106 Zill result in 
sKorter mi[ing times� 6lipIorm paYers generall\ KaYe proE�
lems ZitK placing anG consoliGating aggregate ZitK 106 oI 
� in� ��� mm� anG greater� 7earing oI tKe concrete surIace 
tKrougK tKe paYer is associateG ZitK larger 106 aggregate� 
$s 106 Gecreases� tKere are IeZer loZ spots proGuceG 
unGer tKe ¿nisKing pan anG� as 106 anG tKe proportion oI 
coarse aggregate increases� tKe potential Ior segregation in 
stocNpiles or mi[tures increases�

3.2.1.3 ²$ltKougK less important to 
ZorNaEilit\ tKan otKer components¶ properties� tKe cKar�
acteristics oI tKe cement ma\ also a൵ect ZorNaEilit\� )or 
e[ample� tKe increaseG speci¿c surIace area causeG E\ cement 
¿neness associateG ZitK 7\pe ,,, cements means tKe\ Zill 
KaYe a loZer ZorNaEilit\ at a giYen Zater�cementitious mate�
rials ratio �w�cm� tKan a 7\pe , cement �0inGess et al� ������

3.2.1.4 -

rials²7Ke ZorNaEilit\ oI concrete is usuall\ enKanceG E\ 
tKe inclusion oI À\ asK or slag cement Ior seYeral reasons� 
)irst� tKe speci¿c graYit\ oI À\ asK anG slag cement is t\pi�
call\ loZer tKan portlanG cement� so a ��� mass suEstitu�
tion oI supplementar\ cementitious materials �6&0s� Ior 
cement Zill result in an increase in paste Yolume� tKus 
increasing plasticit\ anG coKesiYeness oI tKe mi[ture� ,I À\ 
asK is aGGeG to increase tKe total cementitious content� tKe 
increase in ¿nes can compensate Ior aggregate Ge¿cienc\ 
in tKe smaller particles²Ior e[ample� coarse sanG� 6econG� 
tKe rounGeG À\ asK particle sKape anG tKe nature oI tKe 
slag cement usuall\ alloZs Ior a reGuction in Zater content 
�$&, �����; 5icKarGson ������ 7Ke Zater GemanG can Ee 
loZereG E\ as mucK as � to � percent �3&$ (%���; $&3$ 
����a�� $ltKougK À\ asK anG slag cement EotK improYe 
ZorNaEilit\� À\ asK Kas tKe greater e൵ect� ,n Kot ZeatKer� 
KoZeYer� some À\ asKes ma\ cause earl\ sti൵ening anG loss 
oI ZorNaEilit\ oI tKe mi[ture� as GiscusseG in ��� anG ���� 
6ilica Iume Zill marNeGl\ increase tKe Zater reTuirement 
anG sticNiness at Gosages aEoYe � percent E\ mass oI cement 
Eecause oI tKe KigK surIace area� 6ilica Iume is not t\picall\ 
useG in concrete Ior paYements� as GiscusseG in ��� anG ���� 
%leeGing ma\ Ee reGuceG ZKen 6&0s ZitK ¿ner particles 
are useG� especiall\ iI Zater GemanG Kas Eeen loZereG� 6lip�
Iorm loZ�slump mi[tures ZitK KigKer ¿nes contents ma\ 
not EleeG� anG necessitate prompt curing practices� special 
curing metKoGs aIter ¿nisKing� or use oI ¿nisKing aiGs�

3.2.1.5 ²(ntraineG air increases tKe paste 
Yolume ZKile acting as a luEricant to improYe tKe ZorNaEilit\ 
oI concrete �6canlon ������ (ntraineG air is particularl\ e൵ec�
tiYe in improYing tKe ZorNaEilit\ oI lean mi[tures ZitK a loZ 
cement content tKat otKerZise migKt Ee KarsK anG Gi൶cult 
to ZorN� anG oI mi[tures ZitK angular anG poorl\�graGeG 
aggregates �3&$ (%����� ([cessiYe amounts oI entraineG 

air� KoZeYer� can maNe a mi[ture sticN\ anG Gi൶cult to ¿nisK� 
ma\ reGuce concrete strengtK� anG ma\ increase permeaEilit\� 
$lloZaEle upper limits are a Iunction oI man\ Iactors� Eut 
t\picall\ are in terms oI ��� to ��� percent �$&, �������

3.2.1.6 ²:ater�
reGucing aGmi[tures �:5$s� are useG to increase ZorN�
aEilit\� reGuce Zater GemanG� or EotK� altKougK tKe rate oI 
slump loss ma\ not Ee reGuceG� GepenGing on tKe cKemistr\ 
oI tKe aGmi[ture �3&$ (%�����

3.2.1.7 ²6et�retarGing 
aGmi[tures reGuce tKe earl\ rate oI KarGening anG permit 
concrete to Ee KanGleG anG YiErateG longer �6canlon ����; 
$&, �����5��

3.2.2 ²7Ke concrete mi[ture sKoulG 
Ee aEle to Ee mi[eG successIull\ ZitK tKe mi[ing eTuipment 
intenGeG Ior tKe proMect� 6uccessIul mi[ing entails proGuc�
tion oI a EatcK tKat is uniIorm tKrougKout anG acKieYaEle in a 
minimum amount oI time� 2ccurrences oI cement Ealls� clumps 
oI ¿Eers� rocN\ portions� anG so IortK� sKoulG Ee minimizeG� 
6maller�sizeG rounGeG aggregate mi[tures ma\ not EreaN GoZn 
¿Eer Eags as easil\ as otKer mi[tures� 7Kus� ¿Eer Ealls ma\ 
appear more oIten� 7Ke Yariet\ oI mi[ers tKat ma\ potentiall\ 
Ee useG in a giYen proMect sKoulG Ee taNen into consiGeration�

3.2.3 ²7ransportaEilit\ is tKe concrete¶s 
aEilit\ to Ee transporteG Irom tKe mi[er to tKe GeliYer\ 
YeKicle anG into tKe Iorms successIull\ anG ZitKout KarmIul 
segregation� 7Ke moGe oI transportation sKoulG Ee consiG�
ereG� along ZitK Kaul Gistance� 3aYing concrete Ior KigK�
Za\s is KauleG in Gump trucNs� agitator trucNs� or transit 
trucN mi[ers� &are sKoulG Ee taNen to minimize segrega�
tion� /oZ�slump mi[tures suitaEle Ior slipIorm paYing ma\ 
resist segregation� Eut mi[tures intenGeG Ior Iorm�anG�place 
paYing ma\ reTuire greater slumps� ZKicK ma\ leaG to a 
greater risN oI segregation�

3.2.4 ²3laceaEilit\ is tKe concrete¶s aEilit\ to 
Ee conYe\eG Irom tKe GeliYer\ YeKicle into Iorms ZitKout 
KarmIul segregation� 3laceaEilit\ is a൵ecteG E\ slump� 
ZKicK is a measure oI ÀuiGit\� 6lump is commonl\ speci¿eG 
in tKe contract Gocuments ZitK tKe inclusion oI minimum�
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ma[imum reTuirements� 7Ke contractor�proGucer tKen 
selects a slump ZitKin tKe speci¿eG limits as a Iunction oI 
placement metKoGs� 3laceaEilit\ is a൵ecteG E\ cKaracter�
istics oI tKe mi[ture� sucK as graGing� particle sKape� anG 
proportions oI tKe comEineG aggregate; amount anG cKarac�
teristics oI cement anG otKer cementitious materials; pres�
ence oI entraineG air anG cKemical aGmi[tures; anG slump oI 
tKe mi[ture �$&, ������� 2n some paYing proMects� concrete 
is placeG E\ pumping� ZKicK ma\ necessitate e[tra care in 
proportioning� 7Ke mi[ture sKoulG Ee matcKeG to tKe t\pe 
oI paYing eTuipment� 3aYers can Ee classi¿eG as KeaY\ or 
ligKt� 6lipIorm paYers anG some ¿[eG �siGe� Iorm paYers 
are KeaY\; otKer ¿[eG Iorm paYers� EriGge truss paYers� anG 
YiErator\ screeGs or tuEe rollers ZoulG Ee consiGereG rela�
tiYel\ ligKt� +eaY\ paYers �)ig� �����a� can accommoGate 
sti൵er mi[tures�

%riGge GecN paYers �)ig� �����E� are sometimes useG Ior 
paYing areas too constraineG Ior slipIorm paYers� 9iErators 
on EriGge GecN paYers ma\ alloZ KigKer YiEration IreTuen�
cies tKan GesireG� leaGing to air�YoiG s\stem Gisruption�

/igKter paYers ma\ reTuire more KanGZorN� tKus neeGing 
a Gi൵erent mortar content tKan slipIorm paYers� 9iErator\ 
screeGs� YiErator\ roller screeGs� anG laser�guiGeG screeGs 
�)ig� �����c� �����G� anG �����e� proYiGe little or no consoli�
Gation� Eut can Ee useG successIull\ unGer certain conGitions 
sucK as KigKer�slump concrete or tKinner oYerla\s�

,nternal YiEration ma\ Ee necessar\ Ior loZ�slump 
mi[tures� 5eTuireG manual striNe�o൵� YiEration� anG Eull 
Àoating EeKinG tKe screeG ma\ Ering e[cessiYe mortar to tKe 
surIace anG reGuce entraineG air near tKe surIace� $ someZKat 
KigKer slump mi[ture sKoulG Ee useG ZKen pulling slipIorm 
paYers onto anG o൵ KeaGers to Iacilitate KanG consoliGation 
anG ¿nisKing operations �.oKn anG 7a\aEMi ������

&oncrete tKat is placeG on tKe suEgraGe or Ease in Iront oI 
tKe paYing macKine E\ a Eelt placer Zill Ee moYeG laterall\ 
E\ tKe macKine¶s auger or K\Graulic ploZ�pan �)ig� �����I��

,I tKe concrete is GumpeG in Iront oI tKe paYer E\ trucNs� it 
Zill Ee moYeG E\ EotK tKe augers anG possiEl\ E\ tKe YiEra�
tors� 7Kis ma\ leaG to a loss oI entraineG air tKat ma\ Zarrant 
increasing tKe initial air content� 7Ke mi[ture sKoulG also Ee 
resistant to segregation E\ tKese actions�

3.2.5 ²3aYing 
concrete is spreaG� screeGeG� anG consoliGateG E\ a Yariet\ 
oI eTuipment t\pes anG metKoGs sucK as YiErator\ screeGs� 
YiErator\ roller screeGs� laser�guiGeG screeGs� anG KanG 
screeGing Ior small sections� 6lipIorm anG ¿[eG�Iorm paYing 
eTuipment incluGes placer�spreaGers anG paYers �screeG 
¿nisKers�� ,I tKe mi[ture is too sti൵� ligKter GeYices ma\ 
tenG to riGe up anG oYer tKe placeG concrete� 6urIace�t\pe 
screeGs� sucK as YiErator\ anG YiErator\�roller screeGs anG 
KanG striNe�o൵� usuall\ reTuire a more ZorNaEle mi[ture� 
t\picall\ slumps oI � to � in� ���� to ��� mm�� 7Kere is an 
interaction EetZeen tKe mi[ture sti൵ness anG tKe paYing 
eTuipment� )or sti൵er mi[tures� tKe screeG tilt sKoulG Ee 
increaseG to enKance consoliGation; less screeG tilt is neces�
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