Why are
Aggregates
Important?

A Concrete Mixture is
made-up of 60-80%
aggregate.

Asphaltis composed
of close-to 95%
aggregates.

Pavement Design is
drastically impacted
hy the aggregate use.
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AGGREGATES

Lecture Topics LECTURES GIVEN BY:
These series of lectures will cover the basics of aggregates in DANIEL COOK
construction. The audience should walk away with a brief Ph.D. Candidate
overview of the following knowledge: Aggregate Properties, CIVE OSU

Chemical Make-up, Basic Gradation Techniques, and Ctoclepisiicedy

Specifications of Aggregates.
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Qs AS engineers whydo We need To kwow about ynaterials?

A‘: How +he waterals of a structuve ale W'erE'/
ConsTrucTed , and Lunction wn an enVifopment,
all e ffectthe perdormance of the

sSTractuwe throughout 115 service life.
Ttig also tmportant To undecstand qud cVer
wfite @&9gl(egate speci{ica TionS.

qu re’,gq"fc
—a genepal Term For crashed stone, sand, and gro vel

Wlf\y ave aj_g(’gmﬁfs \mpof\‘TW\T?

-T1s wsed wida\y [N ynany qpph'ca‘r;’m:
concrete, asphalT, concyete wasonry units
clay, brick, aggregtte base, dramnd

and J("anmTion in waoTer treaTment plaw‘rg_

~ On qvevagde- To builds
a)house Takes 400 tons of aggregates

b) U-Lane highway Talles 38000 tons
of a99regates

Cy) 09,000 SF offite build will uge
5,000 Tons ot aggregate

L EGTimaTed amounT used (n 200G for NaTional thighway System,

FNotes Data
iS 1A W\;”I,OV\
mewic Topns

’ Matural
dggregutes,

1,508 -

Cermgnt,
f 45
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D 9_9(‘65011@ Sp%i‘@fca"ﬁow
— Majori Ty are Pecformanced based or End Result Spec.

— Many different requirements are needed
1o allow @99regates to function for

a ceftain appli cation,
— The Gx\lq'llab'i\ﬁy/ qpp“c‘%TfOV\/ cost,
ducabiliTy, and Servicabiliy requiremechis
40 inTo developing a spaciﬂcqﬁav\.
— Lacge prejects, high performance applicaTions
STOTC DOTS/ i big Prj\_.vq‘['c SCCTOf bUJ9V\65§
Ty,oica“)/ have the lagesT amount of
SPeCiQCG‘HOF\S to eusSule the QUG(“TY
of the product
~ Two largesT groups in US, for specifying Certain
lequirement ave thie Federal Aviatiou
AdminisraTion and State POTE,

—The most Common specificaTion is gradation,
= A Minimum av\é«/or wagimum value can pe used
for wawy spcc‘.GmTiot’tEo

— Tolevances for a percise value suchas gmdatiol
16 also Very commm
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BaSiC Chewmical Malle-up

3 Clagsifications of Agyregate

A)MeTa WoOPhiC ~created £rom pre-existing rock using
' '[f:vmper"q"i.ﬁfcamd precsufe

Exampless Quartzite Marble, slate, phyllite
Gneiss, Hornfels

@igmeoug — formed from hordencd magmg
—has crystalline sTrucTure

Exawmple ¢ Gravite basal1, Rhygli1e Andesire
Pumice, Felsite

C) sadfmemar'y — Pormed Lrom pl/\_ Gicd| or chewicql
degradation of other vocks

Exaw ple s Limestone, Dolonmite , sandstore, Shale
Mgf‘.:‘émz,j chelT

¥ Most 3@1_\/{.\‘5 ana Sapds are Sedimen Tary

ConSTrucTion AggregaTes

~crushed STone

— oiver gravel

- Ve savie

— vnapufacTuved savd

— light—welght aggregare
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IJCMS hed STowe — (ock cruShed To wieeT Tn clu\S’r\fy‘ Efﬁc;{.'cag?f'aczﬁ

Most of Tew used v U, 5.

=

~LiwiesTove & Dolomite G9.3%

— Granite (3;60/0
— SavidsTone &QuarTZile 249%

— wiscellavieous — 4.4 7

fﬁﬁ _Geology C\/\fi\m ical composition
L} wieSTon e sed ymewTary calcium <arbon aTe
Dolowite  sedimentary calcium  magnesiom carbonorre
Granite I gvieous quartz eallal feldspars
Quarizite Metarnor phiC QuarTZ
Sand sTove Sﬁdi'mé.l/\'fa‘f)/ () uaf( Tz Le i"Jg’(;af:; 0 L)Pj{l

.I;,.-quuimmfa& Said = a by - producT of +Ue  Crushed STowe iucusTry

~Composed ok saweclewniCal Makeup as $Touc
“This agylegate hag pfobfemg finding WSS
because 1T 15 angular and coatse in gladation

I[[) lighjaw&g T anng'Q - & manutalTured 499ve9aTe

!

s b [ v —p
~ typially vaaye £rovn Shale, sla
0(4‘// PE’([ ITC, OF very ‘{A“T‘Q 7

- \argely uced in Conciete

:HQ@.NWR{-W SqUd &R Wer G | - found Tn WaTer \AFUQ“)(

— composedof wainly silica
= River Grae| canbe used in decsrative Concrele

~ Natacgl sand 15 used in wmost applicaltons




Introduction of Material Properties

4 types of Material Properties

e Physical property of a material is a characteristic that can be physically measured.

e Chemical property of a material is a characteristic created through a chemical process.

* Maechanical property of a material is a characteristic behavior of a physical property
when load is applied.

« Durability property of a material is a characteristic of the physical, chemical, and/or

mechanical properties being affected by the environment.

Definitions of General Properties
Absorption is the ability of a material to soak-up a liquid.

Specific Gravity is the ratio of the mass of a given volume of aggregates to the mass of an equal volume
of water.

Abrasion resistance is the ability of a material to resist being worn away by rubbing and friction.
Porosity is the amount of voids in a material.

Permeability is the ability for a fluid to move within a porous body.

Thermal Volume Change is the change in volume of a material from varying temperatures.
Thermal Conductivity is the ability of a material to transmit heat.

Resistance to Wetting/Drying is the ability of a material to resist wetting and drying cycles.

Freeze/thaw durability is the ability of a material to resist deterioration due to freezing and thawing
cycles.

Electrical resistance is the movement of ions inside a material under a fixed current.
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o , SG)~ Ratio compatison of the weight of
_SQEBCHC&CGMV'-‘Y—C ) 7 v?a,Tleflc{l Tgtm weight o Wu‘[«erﬂ‘m a Volume]

— SSD SpecHiC GraviTy = SSD Wt
SsP Wt —SSDWT inwaler

—Bull Dry Specidic Glavity= __OvenDry wy
SSD wt — S SH wtinwater

— Appart SpecitiC Gravity = __ QVen Vry W :
wt — $5p WT.ah
Owenpey waTer

=~ Coatse gq99rgate — AASHIO TE§ oc ASTM C1O7
~Fine agglegate—apsHTp T84 orASTM CI2 €

Source Typt S G
L iwmesTone .22 -2.3]
Grantte Qelel) =23 76
Quartzite  R65-3d3
Sandstone A-HH-2,6(

haTurag | Sand 8,60
Civer Gravel o< .60
Manutactured sand cloge To S Got Quarry¥ sTove
[{j‘lﬂ‘ wc'\j\ﬁ Q_gﬁfcjuTe X[25—15%
* ¢ obﬁ%fﬁ f\(;fé i _gula‘»s‘r% .gl clccsl lglyo *%9 hpcf g igﬁ ?e: j %‘jraév% zéo_i"ucj iec_f f eh
at S50 Condition \:fh{va mallag CoulleTe,

[t uSeg Rulkdey SG to convelt dry weights To
ﬂé chphgo Volume ocegupieclym a miXTule o /

%APPM&”T S6G 15 uSed to deTermine unit weight of stone
blocks.
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'L %—;1& ;A 7 ’: | .‘:i {

e e e "'

— descripTion of %W JQ edness ot the Q99 vesates

syrface,

— Typicq };,Thég (s wieasuved Visually,

K(r;s_embe}w Ccale

Krumbein Scale 0.6 Krumbein Scale 0.4

e

iee s

0 < Low < 2100 (rounded) 7+///” 2100 < Moderate < 3975 7 C/1°

Krumbein Scale 0.1 Off Krumbein Scale

ea® 4¢¥
Sl s
R AP

3975 < High < 5400 A 1A 5400 <eXxireme= tw A T/fAS
(Extremely Angular)

Figure19 - Fine and Coarse Aggregate Angularity Ranges

High gpherdcity

low mphericity |

_ s uwry angular sngulat '_ subengulier iuﬁrqmn:da:d. Founded

wali-rounded

Frei 9.5(a) Degree of particle roundaess for sediment grains with euch citegory showing fow and ligh spbericity {after Tucker

$UE2Y
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Partic|e TexTure
~ descrigtion of the Aggregates surdace (oyghvess,

~ Thig 1S ot the same as angulariy

~Also this jg an jmportanT measuyement tor
“the Surface wear of an asphalt surface,
Since Agphalt doesnt have aSurface $inish
lilke conerete, The Tertare of the A9g9legaie
be.comes vefy impoctant fnthe sRid
resistance s of @ pPavewment
- Tor conc/€le, tin a9 fejﬂ.fr& wé’f‘hlmw TexTure Caw

cNeatepool bondivd beTween a9gfegate and
T he PF;{STa on ﬂ\‘e Safface GF'l"hcjg@ngcrcTa.

Texqure Roughiness Scale

&

500 < High <750 #/\ /11750 < Extreme < 1000
Figure 20 - Coarse Aggregate Texture Range ,pf AI/VKQ :u.
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Particle Shape

— Describes the deminisons and overqll s hapeof particle
— Can have large i pacTson gradaTion chayTs, particle
pac l(‘my/ agg'fcﬂma Er-“'f‘-f’:iQ’Ci'-f"/ Wor{(abiwyo{{feshcmwaTg
G‘V‘d'plq(f_ﬂheﬂof 02’@”4??, _A
§[WP£ can be described ag _‘FlQT@Kq ‘HQK y. él OMgQ“Efﬁ"
tlatandelong a?‘@;;i/ Cubical, Of Spheficak

]

shorteet Leugth
TwTermediate Length

Flatness cq1i0 =

4 . i "
Elowgarion ratio = InTecmediare Lenstt
lowgect “EM9in

J o
Flatd E %{"r““"_j’ iMud taho= S hortect L€ Vﬁﬁ_

lovgest Length

- sectLenath X chovtect Lenath
Shape FacTor= i?‘”i"fﬁ'L o K T
@m siate Length)

%—_—;

F

e ]

L

: intermediate length _ b, . .
ELONGATION RATIO = Greates] lengih 70 =q

Prolate (Elongate, rods)
10

| ?m? Hg%@h 0
Shorest | [ TS v P
FLAKINESS RATIO =- f m:}ia fe length Py p

Al ghapes ore prigmatic ' {atier Zingg




gated ﬁr*f?lat and ﬁongatad ?31’1’ cies %f%earie %%zz%rz{:% aﬁﬁ ﬁimgaimﬁ is determined

: j::»:ﬁ?;ﬁéﬁm wrihe ff:fs% af‘zé S‘Séﬁ@é*d {i&f m‘img !:‘zﬁw duals f‘@%@aﬁsmie %f}r wrsi ng
Bould make ibclear which dehtagtmgmuw be used.

s individual cogrse particles using the proportional caliper showen in ?"g;ur& 24,
Qaiﬁym is st lo m@ ratio 85 ﬁ@fﬁneé i:;v the b%ﬁﬁﬁ *mt sm; W cally & i or 31,

_-@%"éﬂ@ ‘%i&f?gj&iﬁﬁ are a&ﬁamteﬂ and aither weigﬁ@ﬁ or {:{mmﬁé “?%"z& §Q?~
ﬁet&rm nedt to be flal, elongated ar. ?iz;ﬁ andd elongated is expreased as a
_L%ﬁ or total partic iche count,

ek, o AETE Sepnsandy,

‘{23 Test for slongation

(B} Test for Hotnass
Figure 2.4 Flatness-elongation test ca%ipm‘

Mate: Toe catiper showron thes Tgere curdently & ot for s 20 vt
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A BRASTON
5 Res;gmw(ﬁ To\Wear ! qb;’ff”l['«’ ot agyfegciTe Surface To

resist polishing due Tourabhing and €ricTion

P{dc‘ucimg forces of liveloads suchasS
wheels o€ car, foot Tra€diC ,ofeven particle CollySion.

—measated by L.A Degradation Test, ASTMCIS] oc AASHTD 7%
Fasic STeps @ofi,S Yor | atger, Aﬁmffﬁ@
i‘) qu-ifz/. oven dry, and sieve agglegaTe Ty Sizes

CQ) Uﬁ W a 41"_,4 (= :rg( ' J, €d j/ﬁ?cl-::'f (0N Limits Yn T )1/5
STO—; nalg Tes T/ qﬂf,“ (T» ate [ S b’é’ naed Toeether

3) Aggregate blend avd steel balls are placed

HJ) ConTeuls afe (oTaTed i wachiue Lor SO0 tewolutions
Aud Then s)éved gver H (& sieve,

9) Cal culates F qs%"’??wq[‘ "/M?‘f"{{;m
LSS -

Value S

— No set \lalue range for
Pretormance,

— MosT State DOTS
gpecify A5 1055%
= Max of wH0% 16 Typ}c:qﬁ

— Higher the % 1955/ The-
SoEter the Yock 1S

(R ock LA 9%
Type  LlogS by Wt

L\meSTone | c[_gocz;
D@ tDW}T& [ g?_. 30/&
quilzie. 30-35%

Granite  J7-49%

Sandstme X GO% Figure 2.3 Los Angeles Degradation test machine”
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OTher AB RASION Tests

— Micto-Deval TesT
~has beew Show To Cofrelate well with
@ﬂﬁ{ejﬂe pef—&:rmawce i n aSphq!pcomcraTey

and ajgfejc:ﬁe, bgse.
—ASTM D G982 & oc AASHTO Tsa7
$or Coalse aggregate
~ASTM 07428 for €ine ag9regate

— This Test 1S very repeataple, but
moST STaTee DOTs do net uSe this,

— Preformed Similary To LA Abrasion tesT
bu,T aﬂj{aﬁa‘re,igﬁaq;‘dcd y,érgu{pfmcn‘f 1S lm,mw‘l)/

C\/\avxgéd/ and fevoluTious are di€fefenT,

— M1l Abrcaston Test
~ used inrailtead baflast

— howeve”, 1hiS 15u% a gtavdardized Test

— Siwilacy To LA ablasion Test, buT h
a mill pot s used with [?,170"0 Cevo luTun In b s

—‘/A\b (95100 Wumber

— USeqd n raflcoad ballast design Lo QVC![-MT;@
the abrasion of an aggregate

AN = LAY +(5xM Abr@

value
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SU / W
Wy P ical

physical and mechawjcal plogertiesot Commom
aggf’e,gd res used

LN Dty ot avedsiie

Jnit Waight tpef) 5176
pressive Strength {x, HF pepy {65 £
 Tensie Strength (psi) a7 | aness NAT 2427
55 s St ;m-g‘gt,%’i zi__}:“’l%‘j}g Conth) 35;4{% G855 . fééz%‘;* ﬁ'ﬁ%fz}
& Madulus of Bupture (psi 500~ fﬁrém e 700-2300
.;-Vf_ﬁiié ius of Blasticity T ;}%3 4587 yx@ 7 np 23408
7, Water Absorption Myzt 007030 | 050240 | 0020 | 20920
_8, ﬁwg, ﬁ%mgs%i __ C4-Z8 | TJ“EL ' ‘%;iw%ig 19-27.3
1 9. Linear Expansion (x 10* /in/* "oy 1819 00122 %0131 43139
|10 Specific Gravity 260276 | 19828 | 265273 | 24428
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Chemical propecties

ydfo phtliC aggregate
- Saptate of aggrgale 1§ aTTracTed To waler

-k CQMWTZ miverdls are Typoq l/\)/d(opl/\ [y C
~glanite, giavel and other Stljceous ag9resatc

Aﬁ\q (egclesd Warer
%)

_Q\/\ydrop[/\obic ag9gregate

— Surfage charge of aggregate repels waTer

— CacloonaTe a99¥e99T¢S Can e wmore lx\),olrap%obic
~ Usually a99regales qre wofeacidic by WqTule

Solubility = Tendency of a materiel 0 be dissolved
by a ‘lqb\i
~ CousTrucTion aggfegate Should ot be
highly dissolVable in WaTer

Chewical !§€gc1iy6_— Surface 0t aggfegate C,lncvn{(;q[l){
feaCts With a substance such asg
atlalies to change the agg fegaTe STlucTug
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Durability Propecties ,

= The physical, chémical and wechanical e{fects of a

Effect of MolsTufe

—STffppvaq “Ecpch‘riaw of the asphalt £rowm +he
aggregate ® surtace Jue To MoisTure

~This is thought To be the resylt of the
surfoge ¢ harge woanting t bongd To water
tather than Asphdlt.

— ASTM D U§,7 or AASHIO T-283

~Freeze /Thaw = Tn Concrete, water can be apsorped
fnTe the poresofthe aggrigare ond free €. This
Cawn build up pressure and over wulTiple freczivg
an a Thﬂwiﬂﬂ cyclés H’ can cause TMC’ Qﬁ?}@ﬁﬂ?@

To bfea,ld &'Gwmn
—ASTMC GGG —300Cycles

— AASHTO T-1el -350 cycleS
— From the TesT, o durability f,chr 1S reported
- FD{‘ an a99 r’f:qa"r'c To be Seund In F/T ejwfqbf“'fij/
according To The Test, an ageucy will
Y‘c,%,qﬁ’c a certain durqbilﬁy factors
—vypically, DFE=70% ocup atter the
! Compie"on/m of required mwm-bpra&yclé
16 ConSidered 1o be passing

%
nd l DY amic Ma&u\oﬁ

I:’;;-{EQ‘ Dﬂyﬂam iC Modu l'.«'ttﬁ
W

Dacabil i“t}/ Factor @F) -

X 00
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G (adation

— Gradation desceibes The CLHSTF buTlon ot
OLE gregadTe ? cle s

- Almost all aggregate gpﬂchiﬁa Tions ,1
(@_@um some. Type of gradaTion LywaiTs

- Some 9fc’\uq“€luv\ LywATgS a({\/zr’y Tlgw
while ofthers are w‘i)(T(”fo[/ broad.

— TO weasule 9fadation, a sicve analysis
18 completed,
- ’ED( coafse and L £ ine ff-.‘;—"’ ;/
Ai‘"‘iﬂ/ _\50 or AA HTO T A/
”‘EO\( So | S \L‘f‘zm ga@ PR cVEe j;f
ASTMD Yo oC AASHTO TYS

v’_‘é

Figure 3.9 Schematic representations of aggregate gradations in an assembly of aggre-
gate particles: (a) uniform size; (b) continuous grading; (c) replacement

of small sizes by large sizes; (d) gap-graded aggregate; (e) no-fines grading
(from Mindess etal., 2003).




Table 2.3 Selected U.S. Standard Sieve Sizes (Adapted from ASTM E 1D |

Bl L L 2W 25
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Gradation - Technigues
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le 11.20 Common Construction Application of Coarse and Fine Crushed Stone
sregates (Courtesy of the Georgia Crushed Stone Association)

Nominal ASTM 55
Aggregate Size Designation™

ast-Concrete-Mudholes-Landscaping-Seplic 2in.to1in 3

last-Concrete-Mudholes-Landscaping 2to No. 4 357
afiast-Concrete-Mudholes-Landscaping-Septic 1V in. to % in. 4
ank Lines-Infiitration Basins

ate-Mudholes-Landscaping-Stabilizer 1% in. to No. 4 457
| Backiitl Foundation-Septic Tank Lines- 1in o %2 in. 5
Ballast-Infiliration Basins

ote-Asphalt Mixes-Drainage Stone-Septic 1in. 1036 in, 56
ink Lines-Type 1 Stabilizer-Type | Backfill

cundation-Driveways-Ballast

eta-Asphalt Mixes-Drainage Stone-Septic 1in. to No. 4 57
ank Lines-Type | Stabilizer-Type Il Backfil

ndation-Driveways

it Mixes-Surface Treatment-Concrete-Type | % in. 1o 3% in. 8
abilizer-Septic Tank Lines-Type 11 Backdill

indation

halt Mixes-Concrele-Driveways-Type | 3% in. to No. 4 67
izer-Type !l Backfill Foundation

Mixes-Driveways-Concrete ¥ in. to No. B 68

t Mixes-Concrete-Drainage-Type | 2 in. to No. 4 7
bilizer-Surface Treatment-Roofing
drain-Asphalt Mixes-Congrete Y in, to No. & 78
Mixes-Concrete Drainage-Surface % in. to No. 8 8
meryd

Mixas-Cancrete Pipe-Concrete Block- % In. to No. 16 89

ce Treatment-Underdrain-Concrete |
Concrete Block 3 in. to Dust 810
' No. 4 to No. 16 g9

ng Fill-Backiili-Slurry Seal-Asphalt % in, to Dust
i Stone Base-Aggregate Surface- 2 in. to Dust
vays-Type 1| Stabilizer-Mudholes-Working

torm

te Sand: Fine aggregate for Concrete- % in. to No. 100

6 in. to 48 in.

ed Rip-Rap'?: Creeks-Rivers-Drainage
Ches-Earth Dams-Sediment Basins-
Orelines-Slope Protection-Wave Absorbers
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