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n1sl unS3onnun u1un1Stl3 0na un S0

d~ ~uu1;mP11'~m1'~tJ~;'W)JU1~'l~~Ln~~mJ1n~1~
V V1~'lU1'tJUL'lJ~L1jtJ~'V1~1~LL~:;~n~~~'V1'1~1~LLn

I I ..;/ '"
mP111'~~'lJU1~'l'V1t1J,Y11~~1U, ~:;vnu '1f~mmtJ~1'1~

~~'V11J~d~:;;tJ~'l ~P1tJun~PlLUU1~~~tJ~;1~'V1~n 'lum1'~~PI,
P1tJun~PlJtJUL~1LP11'~m1'~!~'1 1J1~1'11J'V1mU (Coarse

...: ".. "" '" "" ..;/ ""
Aggregates) YlhP1tJ 'V1U1~LLn 'V1UUU (Limestone) '1f~1J'IJ

m1J1 rum1''l ~~tJ1ULUUr.;1U1U1J1ni1uuUUtJn~1n~:;'l ~LU
'IJ

. m1'~tJ~;1~LL;1tJ~'l~'lum1'~~PlUU~L1JU~~n;1EJ Lu1':;EJ:;'IJ

L1~1U1':;1J1ru~n~n 50 U m'lJ1~L1'1LP1mi1um~L'V1~tJ1'U;1~
'IJ 'IJ, , "

ViLLU~n 1u~ur.;111J 1~

v "" "" .:.J..;/ "
n1'1 ~ LUU1~ ~tJn'llU~'V1U~'1f~'l'IHUU1J1~1'11J'V1EJ1U,

LL~~L1'11~~tJEJ1;th1J1'l~nUL~tJ~~1nm1J1ru~1j1;~

1~1J1m~ui1uLL-n:;LL'V1~~r)1LU~ntJ~n1':;~~n1':;~1EJU1':;ntJunu
'IJ

",' , , I
u~~uui1U'V111~~1EJ LUtJ~~1nijh~ L1JtJEJ1J1n1J1EJPl11JLL'V1~~r)1LU~, 'IJ

" ..;/ "
'lJtJ~i1u n1'1~ijV1~m1~Un'1f~U:;UUtJEJLUUtJYl1'1EJUn LL~:;m1~'IJ

LL1J'J1n1'1~UmJn ~~tJEJij1~~~U '1U:;UU ~U1J1nPl11J~tJYl1'1EJ

un LLC1U-eJ1Lf)tJY111J:;m LL~:;U~L1ruL'lJPI~~PltJ1'tJU '1 ~~'V11~
'" "

"" 0 "" 0 v v
mru~uu1' n1'1~LL1JU1Ln~~1nm1'C1nU1~~mLL~:;1J1~:;~1JPl1" , 'IJ

LUULL~~'1 ~~ij~1mPl~i1UYl1'1EJ~,i1u~n-r~ (Laterite) ~ LL~:;I , 'IJ ,

1~~ L~U~1n1~~, ~1UU:;UUtJ~ ~U1J1nPl11J~1J1'lumP1, , 'IJ

..L'V1utJ LL~:; LLC1U~~'V11~~1J~1 J1l'll~. L~EJ1"1111J LL;j~ (Hardness)
I I , ,.. "" c: c: "" c: "" ""

L1JtJLYlEJUL1J-n~ PltJ L1J~ ~ n1'1 ~~:;1J P1111J LL'lJ~1J1nm1'V1U LLPl1J

1"1111JLU1'1:;1J1nn~1 'lum1'Yl~~tJu Abrasion test ASTM

C13i Percentage of wear 'lJtJ~i1uuuvf11u~:;tJ~LULnru~
'IJ 'IJ

;tJEJ~:; 27-32 ~1Un1'1 ~ L~1~ LP1EJYl~~tJU~:;tJ~'l ULnru~
'IJ

" "" I

U1':;1J1ru1'tJEJ~:; 30-38 V1~i1nLutJ~~1n P1111JLU1'1:;'lJtJ~n1'1~

'I'4\J~f)i ~1\J~1I;"1'.
tJ;~ ti.LI'I.LI'I.(1985) 'i'101l1 (1I'L<1'1'1!\J)

LL~:;~1U~U:;UU L~U ~1n Chert ~tJ~1n~ijP1111J~1~r.;1 m1:;

(Specific gravity) ~tJEJn~1 2.35 ij1J1n~tJm.wEJ~'l~L~EJ
, , ,"" "" "" 1fi1'1'1J'JJ1P1'lJtJ~n1'1~~:;1J~1U'lJU1~P1~:; (Gradation) Yl 1J

LL~UtJU m1'~:;tI11J1 'l~~1U;tJ~ti 11J1;tJULL-n:;~ ~~1U'lJU1~P1-n:;

1~1;Pl11J'lJu1~~ri1'V1u~ 1fi~~~~~~1~:;1;LL~ m1'tI1n1'1~1J1,
" I I , ".. "" V"""""""" 0 v

L'lJ1LP11'tJ~EJtJEJ (Crusher) L'JJUL~mnU'V1U1fium~m~~~1n

Chert 'V1~tJ1~~~U'1 tJtJn1u1; n1'1~;~~~'lJU1~LL~:;r)1~~.

~1n1~~U:;UUtJtJn 1uLL;1 ~11J11'C1ti11J1~~PlP1tJun~Pl1;~,
LP1EJij~tI1n1'1~1U~~PlP1tJun~Plr)1~'I~'ILnU 1000 nn./'1f1J.2'IJ 'IJ

1J1LL;1 ;~L~tJLmEJuLViEJunui1uuuvf11u ~1r)1~~~~ (Com-'IJ
I

. "" "" "" 2
pressive strength) 'lJtJ~P1tJun1'PlYl~~LnU1000 nn./'1f1J. (cube

strength) ~Vh'l~L1J~~mn.Ju (Limestone) *~LLn;~~tJLLPln~n1;'IJ
I , " ,

~1uVi LUU'lJtJL~m1nfi1'1'1J'JJ1 ~'lJtJ~n1'1 ~ ~tJ ij1'U1'1~'IJ

~tJu~1~n~1Jchn~EJ~ ij~~'lJU1~~LPln~1 11/2n1 LL~:;U1~~1U

nLLUU LL~L'V1~EJ1J~1~'1 'lum1'~~~1L~tJm1'~1mYlLL1'~L~tJtI1
" ".et' ..." ...

1J1'l 'JJ'lUm1'~~ PIP1tJun~PI PltJ~m~EJm1'EJ~Lm:;nU 1JtJ1' P111'

(Mortar) ~~ LL~~1LUUn1'1~~1;~1um1'~tJtJL~UL~EJ1nu

i1ULL;1 ut1J'V11dP1~'V11J~1u LL~:;L1'1P1~1;m1~1J1LUU1J1~1'11J

(Aggregates) ~~1 'l~'l U~1UP1tJUn~PlL~tJ~1EJYl~LLYlUi1U~r)1~~

~:;~OO'1'V11J~1ULUtJ~PI~~ n1'1~~\)nti11J1'l~LU~1U~~

~~1~t1J'11J1LL;11J1n1J1EJL~tJ~~1n~ifEJ1rUh~L~i1UtJ~m~1J1n
I '" I " I " '"''

v"""" "" 0 v 0

LY11~mUU ~~ntJ~1'1~Yl~1P1t1J L'JJU ~:;~1U'lJ11JLL1JU1 L~1~1':;m
I ... ...

"" v V"""

Yl~~'V11~UP11'~11'1'P1 P1tJ ~:;~1ULr;)'JJ1P11~PI ~:;~1ULLmLL~:;

~:;~1U1c;)jnC1 ~11JL~J1t1'1~~~'V11r;)Pl1n 1'11J~~~:;~1Uvf1 '1 1u, , I
"':" ""..;/ C:v v""

'lJtJ~n1'1JYl1~'V1~1~Yl~1'1~'lUtJr;)PI '1f~nEJ~P1~~f)1~1'u'l'JJ~1u1r;)

tJ~~U~~u~~uud'IJ ,
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n11V1~~'iJU LmEJULViEJUf!1ru~1.nJ~"IJ'iJ,m11~ LL~:;i1'U
~

, ,""

LLVI~'Iv]1.J1
. ""

: n1'1i?\"Ilnm LD'f)1J'f)¥'I~'f)EJmru"l'UU1'~ ,
""
VI'U "Iln 11''Il~~1':;u~,
v]1'IEJ

. ""
: "IlnU'f)v]1'IEJUn m LD'f)Vl1lJ:;m mru"l'UU'i'

~ ,
Test for Sieve or Screen Analysis of Fine and Coarse Aaareaates (ASTM C 136)

Loss Anaeles Abratlon Test ASTM C 131 Percentage of wear 35.9% (Gravel)

"Ilnf,J~m'i'v]i?\~'f)1J"I:;Li1'Ul~~1 Gradation 'lJ'f)'In'i'1i?\

l~~I'UlJll!1'i'~I'U lJ1~'i'1lJ 'lJ'UIi?\ 3/4" 1!11lJ~'f)f)IV1'U~oS

(specification) ASTM C 33 li?\EJ~~1'U~~I'UI!1:;Un'i''I

(2.36 lJlJ.) 1.J1mn'ULnru'Vlr11VI'Ui?\;~ U~i?\'I~1~~1'U~'f)'U11J

l'UVl1'1~:;L~EJi?\U~~1 Abrasion test LtJ'f);L~'U~'lJ'f)'If111lJ

~nVl'i''iJ (Percentage of wear) 1~~11~Ln'ULnru~;'f)EJ~:; 50
v ,

. ~ ..,. -'1
(SIeve) I!1'1LLI!1 No. 3/8" VI'i''f) 9.5 lJlJ. "ImNI!1:;Un'i''INo.8

v

1!11lJ'lJ'f)mVl'Ui?\

Requirements ~1'Y1f1JCoarse Aaareaates J;11:JJASTM C 33

TABLE2 Grading Requirements for Coarse Aggregates

357

25 10 60 ,01015

100 90 10 100 35 to 70 0 to 15

100 95 to 100 35 10 70

467 100 95 10 100

57 100

8

100 90 to 100

67

100

rU51i11S 37
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TABLE3 Umlts for Deleterious Substances In Coarse

Aggregate for Concrete

Weight
Percent of

Item Total

Sample,
max

Clay lumps and friable particles

Soft particles a

Chert as an Imourltl that willdisintegrate In 5 cycles.

of the soundness test, or 50 cycles of freezing

at OF(-17.8 C) and thawing at 40 F (4.4 C)

In waterO ; or that has a specific gravity,

saturated surface-dry, of less than 2.35 :

Severe exposure

Mild exposure

Material finer than No. 200 (75-}.lm)sieve

Coal and lignite:

Where surface appearance of concrete Is of

Importance
All other concrete

5.0
5.0

1.0

5.0

1.0d

0.5

1.0

a This limitation applies only when softness of Individual coarse

aggregate particles Is critical to performance of the concrete-for

example, In heavy duty floors or other exposures where surface hardness

Is especially Important.
b .

These limitations apply only to aggregates In which chert

appears as an Impurity. They are not applicable to gravels that are

predominantly chert. Umltatlons on soundness of .such aggregates must

be based on service records In the environment In which they are used.

° Dlslntegrat\on Is considered to be actual splitting or breaking

as determined by visual examination.

d In the case of crushed aggregates, If the material finer than

the No. 200 sieve consists of the dust of fracture, essentially free from

clay or shale, this percent may be Increased to 1.5.

1;L~'UV11\1;TUfn'l1l11t1C-J~(;1f1'E!tm~(;1

L 'Ufn'l'V1t11~'E!U L1flEJUL ViEJUf1ru~1Jtii'lJ'E!\lm1t11 LL~::~'U,
LL~::1j"t11U'l::~\I ~L 'U,

TABLE4 Physical Properties of

Coarse Aggregate for Concrete

Soundness, loss In 5 cycles, ° max,

weight percent:
Sodium sulfate

Magnesium sulfate

Compact unit weight, b minimum, Ib/ft"

Abrasion, max lossoweight

percent

8

12

70d

12

18

50

°Soundness lossshall be weighted In accordance with the grading

of a sample complying with designated limitationsset forth In Section 7.
bGradlng of the sample tested shall conform to the grading to

be used In the concrete.

°Abraslon loss shall be determined on the test size or sizes most

nearly corresponding to the grading or gradlngs to be used In the

concrete. When more than one grading Is to be used, the limit on

abrasion loss shall apply to each.

dl120 kg/m".

fn'lt11f1ru~1J~(;111Jfi'l'l1J'l11~'lJ'E!\ln'l1t111t11EJ1~1;1l1n'l1t111U~'E!EJ'IJ,

fn'l'\t1~mL ~\I f1'E!'Un~(;1'V1t11~'E!UL1flEJU LViEJU1; L ~ Gradation

'lJ'E!\ln'l1t11LU'U'\t1~n LL~::~t11'lJ'U1t11'lJ'E!\I~'UL~1j'lJ'U1t11~1\1 'l t1111J

LU'E!;L~'U~fl(;1'l131'UC-J~1J'lJ'E!\lm1t11 LL~::1;'V1t11~'E!\IL~fl(;1'l131'U

'lJ'E!\ln'l1 t11(;1'E!'V1'l1EJ 68 : 32 lt11EJ~EJ1EJ11JL~31'U'lJ'U1t11f1~::

'lJ'E!\l1J1~'l11JL'Ufn'lvh f1'E!'Un~(;11;~1 Ln; L~EJ\lnULnru';rh'\t1'Ut11

"1n Concrete Constituents and Mix Proportion by BW.

SHACKLOCK (1974) Cement and concrete Association,

London ,,'infl (;1'l131'U~\ln~11"::1; LU'E!;L~'U~ ~\ld

TABLE5 Gradlna of Blended Materials

38 rUSlillS

Air-Cooled Gravel.

Blast Crushed

Furnace Gravel, or

Slag Crushed

Stone
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Gradation Curve of Blended Materials

(68% Gravel, 32% sand)

100

Blended Sample

Lower Umn (SHACKLOK)

80

g>

"660Q.

1:40~"Q.
20

Upper Umn (SHACKLOCK)

0
I" 3/4' 3/8" 4 8 16 30 50 100

ASTM.Sieve No.

.. .. I

~1fHU'eJl'L;U~LL~~-3~1U"1IU1~~~::"1I'eJ-3rnl'Blended

m1~ 68% LL~::Vll'1EJ32% 'L~EJ~1'1,."rn~1U"1IU1~~~~~1;
~.. I

LYiEJ-3Ln~L~EJ-3nULnru'Ylrh\1u~"1I'eJ-3 SHACLOCK ~1\1¥U~1U
I ~ ~ ~

"1IU1~~~::Viij Aggregates 'L~~~ 3/4" ~-31~U1hJbLUrnl''I

\1~'eJLL~-3Vl~~'eJULLl'-3~~'L~EJij~~l'1~1Uc.J~)J~'eJun~~ C;)-3~

fl1U~fl)JfII'eJun1~ 1 )J3

~U:nL)JU~type III (L'eJl'T)ru)
~

420

595 nn.

nn.

Vll'1EJ\1EJ1U (LL\1-3)

nl'1~ \11'eJ~UUU (LL;-3)'U 1265 nn.

Water Cement Ratio 0.50, 0.52, 0.54

Lurnl'\1~'eJ LL~-3~'eJun~~ L~'eJrnl'Vl~~'eJU 1;m::vh ~1)J

)J1~l'~1U BS 1881 Part 3 Method of Making and curing

Test specimens 'L~EJL~LLUU\1~'eJ"1IU1~15x15x15 cm.
~

c.J~rnl'Vl~~'eJu1hK-3~1ULLN~~m::vh~1)JBS 1881 Part 4

Testing concrete for strength ~1nc.J~n1l'Vl~~'eJu1;
.. I I ~

~ "" ~ ""
c.J~~'V'jfi~1n~1Lu~EJ~-3U

~1nc.J~rnl'Vl~~'eJULL~~-3L;L~U~1 ~-3m1~LL~::~U

L;~1ri1-K-3;1ULLl'-3~~ (Compressive Strength) Ln;L~EJ-3nU

'L~EJnl'1~~::1;~1~-3n~1~UL~n~'eJEJVln '1 ~1"11'eJ-3ml'L1J~EJULLU~-3'U 'I I

W/C L\1~~djUL~U~ L~'eJ1;~~1l'ru1'L~EJ~::L~EJ~ 'V'jU~1'I
I I I ~ I

"" ~ ""

~1U"1IU1~~~::"1I'eJ-3m1~Vlc.J1U~::LLnN~-3LL~ No. 16 ~'eJ ~

~ ..J
"1IU1~ 1.18 )J)J. ~-31u~::ul'::n'eJu1u~1m)J~~m1~ '1f-3

LL~n~1L~1L)J~ ~Vll'1EJ 1hu-Kn*U::~'eJu 1UV11-3n~)J ijLL~L\1~EJ)J
'U

~ "" ~ ~ q

LL~:: ~11)J LL"1I-3L\1)J'eJunUL)J~ ~Vll'1EJ LL~~1U"1lU1 ~ ~~ ::"1I'eJ-3\1U

~-3LL~"1IU1~ 1.18 )J)J. ~-31u ~::Ul'::n'eJu1U;1m~M:ffu~1U

q..J ~ I ":."'1 ~ "" q ""~
"1I'eJ-3\1U'1f-3LL~n~1)J1~1n~1UVlL1JU~mmU~'eJn\1U )J~nMru::

LUULn~~LLUU r111)JLL~-3LU~1U~LUULn~~LLuu;m1~ 1~1;
'U

~-3vh L;~1ri1-K-3~1ULLN~~"1I'eJ-3m1~ 1;~-3n~1~UL~n~'eJEJ'U

'eJ~1-31l'n~ rnl'Vl~~'eJU'J1~~LUUrnl'Vl~~'eJUL~'eJ~ ~~~1nm1~, 'U

Lu-KnMru::fil'l')J'J11~ LL~::m;'eJ'eJn LLUUL;LUU~'eJun~~~ij

ri1-K-3~-3 ~-3tJ-31~ijc.J~LUrnl'LL~n~n LU~1UL)J~~"1I'eJ-3m1~'U
~ I ~ I

LL~::~U ~1nc.J~rnl'Vl~~'eJU'V'j'eJ~::)J'eJ-3L~u1m1 m'¥~~1U

"111..11~ ~~ ::"1I'eJ-3nl'1 ~ L;1;~1)J Lnru~ri1 \1U~ ~1)J)J1 ~l'ii1U..

ASTM; C 33 'L~EJU1m1~1uvhrnl'~'eJm~UL~mnu~u ~1

ri1-K-3~1ULLl'-3~ ~~1;~ ::~1)J1l'~ L;~n1)J~ul ~1; L~uL~mnu

"" ..: ~q ."'1 ~..r ~
~'eJunl'~Vll 'J1\1UL1JU)J1~l'1)J LL~::~1)J1l'm~ r;)J1..11"111..11U~U~-3

n1l'~1r1'eJun1~ri1-K-3~-3~L~M1;'U

~-3~~1l'l'::1-3L Urnl'L ~m1~ LLVlu~un~'eJ ~1U~U::UU

I '..J ~ I I ~

)J1LUfil'nJ'J11~ L'J1U L~M"lJ'eJ-3mU '1I-3Ln~~1n1)JVi~n1yju11\1)J
'U

" ~ I I

l'1)Jvr-3L~M1)Jc.J, ~uc.J, ~n¥-3c.J LL~::1~~~U '1 ~1\1¥umruVi, , 'U , , I

~1I1EJL~~ G = Gravel, R = Rock

rUS1i11S 39
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-.....

,... , ,
Lihm~,)I11LL1JU'1~')un~,)l11iJnnrJ,)~~::1,tlu~,)u'lJ~-3~')nchert
.cl " , ,
'lWi::1hJ::tJu~tJiJ'1-3LL'VI~-3ri'1Lill11 L'I1U LLfliJ~'1Lf}~iJ~~~~tJ,.

~-3'V11I11mqr~U1i~LL'VI~-3ri'1Lill11'lJ~-3n~')l11~ihE1J'1ru~1J'1n L~U
~ ..I' ' . ....

'VIU ~,)1JV1-3~rum~V1LLPlnPl'1-3nUPI'11J')~~n~mLUI11(Parent
..., ...

Materials) m~'Vi'1 L'VILf1l11rJ,)'11JL1J~::I11')nLum~ri'1 'VIUI11L'VILUU

Aggregates fi'1'V1¥iJ-3'1urJ~un~PIn~')m::ij~~vr,)LtJV1nmrJ,. ,
... ..I' ,

LutJ~:: LV1PlLV1tJV1'1-3mrJLPI~::ij~')nn~,)I11V1tJ::tJU~wi'iJ1J~~U,. ,.
I ..., I... ... "" ""

V1~'1tJV1L'VI~~~'1nm~~'1-3V1'1L'VI1J~-3LL~1J'lJU'1I11L1J~I11L~n'1 LLPI

"" ... I .cl "'. ...."1 . ....
LL'lJ-3L~tJm'1n~,)l11n::~:: '1!-3LI11U'11J'1L'I1LuU1J,)~~,)1J~'1'V1~iJ-3'1U

... , , ... ,
rJ~un~PlV1'1-3mrJ LPI L U~~PlVi~'1U1J'1'V1~'1tJ~iJihL~,)L 'J1U11U

, ...

n~'1,) 1I11tJ~\tJ n~,)I11~'11J'1~flU'11J'1 L'I1LUU1J,)~~,)1J

LU-3'1urJ~un~PlLLV1Ui1UL;~ L~~Vi~'1~ru'1LU;'1um~¥iJri'1~-3

,... '..I ,... , I
tY111 LLPlPI~-3ijm~'lJ~ 111~-3V1L1J PI~-3m~VitJ ::tJU~tJ 1I11tJfi~~1J'I1'1 ~,.

1'" "' ' ..., .
~~n LtJ ,)fiV1~::L'I1n~,)I11L'VI1JtJ~::~V1fi~~U'1~::LI11LLnm~u'1

... cI .
n~') 1111J'1tJ~tJ'lJU '1111L'I1ULl11mniJ'VIU '1!-3~~'lJ~-3m~u'1 n~') 1111J'1

...

L'I1LLV1Ui1U ~::'Vi'1L;L~'1~'11J'1~fI~l11mtJm~.~nl L~mL'VI~~, ,.'~, ..., .
V1~~mn~fi~~1J'I1'1P1 rJ~ fIL'lJ'1V1f1n~::LiJl11,)ULL~,),)UL~'1L~~U1,. ,.

~U1J'1~ IJlJU1~'1U Lij~-3~-3L;~'1-3

nl11;;n~~1JtJ~::mfll
... ~

... ....

~L'lJtJU'lJ~'lJ~iJ~ru ~rufi~~1J\iqj ~-3~~-3'V1n~nJn1~
... , ... ......
~~l11m~ iJ~~V1 Vi.L~. 4111111ViLI11~unl'1P1L'VI~L=UtJuu'1~~m~,. ,.~ ,.

I ..I ...... ... ..f ..I ~ ............
V1111~~iJiJ'1-3~,)U V1~L'lJtJULI11V1'1'lJUL1J~rJNtJ-3tJ[)iJ PI-3'1U ru

1N-3'1U'lJ~-3iJ~~V1Vi.L~4'111111~ fI.~'11J~UV1~'1LL~::~1N-3'1U

~'1I11'V1~1JLL~,)LUU~~~'1-3~-3 ~;~1J~-3'lJ~'lJ~iJrJru rJru'l1,)~PI, , ,
~ ...

fi~~1J¥n];- n~~1Jn'1~~~l11n'1~iJ~~V1 AGGREGATES,.
, ... , ,

SUPPLY CO., LTD. ViLI11L'VI'lJ~1J~Lnm11iJLL'VI~-3ri'1Lill11'lJ~~,.
..I '..I"''''

n~,)I11V1ij chert tJ::tJU~tJ 1J'1 ru V1UI11')tJ,.


