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Surachai Singsatorn 2005: Effect of Grain Size Distribution and Shape Durable on
Engineering Properties of Laterite Soil. Master of Engineering (Civil Engineering),
Major Field: Civil Engineering, Department of Civil Engineering.

Thesis Advisor: Associate Professor Prateep Duangduen, M.Eng. 135 pages.

[SBN 974-9846-78-8

The research has studied Grain Size Distribution, Shape and Durability of Lateritic Soil Effecting
on the Engineering Property. The research emphasizing on the distribution of B-graded soil of the Department
of Highways has the objectives to study the appropriateness of the distribution of B-graded soil of the
Department of Highways, which have been currently exploited. The research should also determine the

standard of soil distribution exploited as the construction material, especially for subbase layer.

The research exploited the soil samples collected from two sources, that is, Pitsanulok soil, which
was round-edged and had medium strength, and Saraburi soil, which was sharp-edged and had low strength.
[n addition, the river gravel soil from Ratchaburi, which was round and had high strength, was also collected.
The samples were tested to obtain the engineering property in terms of highest dry density, Optimum moisture

content, permeability and shear strength of soil.

Concerning Grain Size Distribution, the research found that when the coarse part increased, the
samples tends to achieve the increasing highest dry density and shear strength; Optimum moisture content
decreased whereas permeability showed no tendency. In addition, the soil samples, which were round and
sharp-edged, gave the better engineering property when compared with the round-edged samples. The
samples having high strength gave also the better engineering property when compared with the low-strength

samples,

When considering grain size distribution B-graded soil of the Department of Highways, the soil with
well and gap graded distribution gave also the better engineering property when compared with soil with
pobrly graded distribution. However, the distribution of these three soil grain met the standard requirements to
be exploited as construction material. Thus, it could be concluded that the distribution of B-graded soil of the

Department of Highways, which have been currently exploited, was proper and could determine the soil grain
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Pendleton and Sharasuvana (1946) Anpiaaauianuniivesdugnsslulszms Ine
Tasa31)' 131319 1 uag Morrison (1965) Anwaasauiamedanssuvesdugnsaly
Uszmetlng Tavagul13umsnait 2 15 Vallerga and Rananand (1969) 18Anuaugnsaly
Uszmalne wu Augnisludszmalnedulngisznoudls nsaa, nse, Auaznou, taz

a ~ s <] a
Aumiey Taglusmanlulsmugs

d‘ a aa a 4 a [
ﬁTTN%].ﬂSNTm%aﬂ1ua&%ﬁﬂ3@ﬂﬂqmﬂmﬂﬁﬂugﬂiﬂTuﬂﬁﬂﬂﬁqﬂﬂ

2 Sio Fe,0, ALO,  BAIIEIUVDY
FUANUN
% % % SiO,/R,0,
Sandy soil 47.0 30.1 12.7 3.2
Basaltic country rock 23.6 39.9 21.8 0.9
Parent materrial of mix original 31.3 40.0 17.7 1.4
Unknown parent material 37.9 40.1 11.9 2.1

W7 : Pendleton and Sharasuvana (1946)
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AaaNLa Mdga Agaga
smiinfirunzunsaed 200 0.00 66.0
Liquid limit, % 18 97
WAANATAN, % NP 51
MITUUNAUAINTZUL AASHTO A-1-a A-7-6
Group Index 0 10
ANUDWINNE 2.59 3.20
ANuUUIRIgega (Youd/aumn) 118.00 144.50
mm&%uﬁmmuﬁuuﬁ’aqqq@, % 7.00 13.40
California Bearing Ratio, % 7.00 60.00
MIVINA, % 0.10 55.00

11 : Morrison (1965)
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No. 4 (4.75 4.

No.10 (2.00 ¥y.) 15-40 20-45 20-50 40-70 10-100
No.40 (0.425 wu.) 8-20 15-30 15-30 25-45 20-50
No0.200 ( 0.075 uu.) 2-8 5-20 5-12 5-20 6-20

11 . AASHTO (1971)

Y
nsunaranuvalszmalng 2532) lasmuaguaninvesiaadmsuseosiiunig

€

L L ' a 73 I A =
1. Liquid Limit iy 35 wlesiduanioamiszylunny
v A a 1 a 3 J A A
2. ﬂ%uwmﬁﬁﬂ"lumu 11 Lﬂ@iwuﬁm’amumzﬂmmu
I 4 v A a9y
3. Lﬂ@ﬁl“ﬁuﬂﬂWiﬂlﬂﬁ lli]!ﬂuif)t’lﬁ% 60
"y ! 7S J A o
4. Lab C.R.B. klﬂJLlfJfJﬂ'J'] 25—30 !ﬂ@il“]fltlﬁﬁ3@@1Nﬂﬂ1ﬁuﬂ1uu‘ﬂﬂ

Y v
Foimuamstanuasvuneynin dmsuiagsoaiuma uaas 13 luasei 4



[ Y
AN 4 MITLANUIVIADYMAT NS UTARTOINUN

16

Y [
v A

VUIABDIALLNT
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Grade A Grade B Grade C Grade D Grade E
27 100 100 - - -
17 - - 100 100 100
387 30-65 40-75 50-85 60-100 -
No.10 15-40 20-45 20-50 40-70 10-100
No.40 8-20 15-30 15-30 25-45 20-50
No.200 2-8 5-20 5-12 5-20 5-20
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No.200 2-9 2-9

100 -
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- 100
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25-45 35-55
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N Vallerga and Rananand (1969)
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1. Gap grade grain size distribution

2. A high ratio of d,,/d, (ratio of the largest and smallest grain sizes)

3. Clay particle ( having low activity ) to fill in the smallest void space

4. A process such as compaction or the weight of glaciers to compress the soil particles

into dense arrangements
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511% (2544) 1AANBIMAUDI Grain Size Distribution Y94AUgNTINTHAADAMTNTANI
a a @ o [ o o 1 0o 3 A 1
Arnssu Tasldaugniinndunenuna daniaaszs Tashwisounenvauazitiaauue
o @ S a o 1 o { o 1Y [
azvauwauiuld ldnmsnsznedrveuiaduanyuzangdumuidimualided
1 dy = 3 a <3 ' 2 = Y IS [
martlazlvnalaauanndi 3/4° taglininizaedivedvinaliaaueglu Grade A a1y
k4 Y 9 9
WIATPIUTUTOINUNITAQLIATIV YOINTUNWHANUHTEma Tnes1mauiiadu 58
#0th NARaMInaaRaaNTANINIMNTIY INUTALLASATiiMInTz AR A
a @ 9 wa a A = v A o Ao @ <
AUV Gap AV 1WAuaNiaNImNIsUNATUREINUANLABANNNINTZI1EAIVRINA
H Y
AUV Well Grade Ao Hanuruiugagaigeoglusig 1.948 —2.035 T/m’ Hanwduii

a1 9¢1ur9 2x10° — 1x10” cm/s 1Az iA1 CBR. HUDUBINGI0g 1149579 38-88 %

ANNUVINTINUNMUVD AT AAY

Markwick and Shergold (1946) ladnufamsAulsvesnanmnaaesnuanasgu
sengulumsnaaesnaauinvesigaiuds unuaza AT NS gomsm luns
. [ 3
NAN9d Los Angeles Abrasion HAMSANET WU NITNAABIHIANNLY LTS (Strength Test)
1 Y
YOIRUGDY  1AINITNAABIMIAINMIUANHNUYBIHLINOYNITINTZUND (Impact) H1FIVAVY
(Crushing) 11a21159UAT (Abrasion) INIUAUNITNAGDL 1A8IT Wet and Dry Attrition (Deval
£ g o Aa ' ] A A A Yy v Y o
Test) Fuilumsnanosidgnivnalvugszlinanasesiiyeno latos asenudmiums
Y
naned laglFiudeaiieansufiel lasITnminaasy Aggregate Crushing, Aggregate Impact,

[ 1 2 < L A I Y
Los Angeles Abrasion 9819 1aeg1aniia ldnatlunieds 1aa wazausodudmmulums

1
=) o

@ qgj 1 3 9y = as @ a 9 3 Y 9y
mam’mamwmmamullﬂ leﬁ'zj‘ﬂﬁl‘ﬁﬂ1§1/]ﬂﬂﬂ\i?ﬁﬂﬂuﬂﬂglﬂﬂﬂﬂﬂﬂujﬁﬂﬁiN‘V]N
v k4
o =

<3| :]) a [ a @ [ [ @ I I
wasuilutaanldlusuniuege q duridadoiu nasiluiaanomua 1diluedied

q

9
v o @ a a
wonvIni (Shergold, 1946) ]lﬁ?]jﬁ"lﬂﬁl"mﬁllwu‘ﬁ““@\iNaﬂWi‘ﬂﬂa@ﬂﬂ‘UWf}ﬁﬂiillﬂ?i‘].l'iﬂ?i“]]@ﬂ

899811 (Service Behavior) W11 HANINAADIVBIAIDINHAUNLNYANTIUMTUTMITEIASIU

A A v o do o QY ) Y Ao & R a o
Eﬂﬂ‘VI%%Nﬂ’J"IﬂJﬁll‘W‘Ll‘ﬁﬂui]u‘i/lﬂ?i]lﬂ]lﬂmﬂlquﬁﬂ’ﬂ1L‘]Ju6ll!ﬂ”lﬁﬂ1@ﬂ”liillﬂ\iWE]@]ﬂiiﬂJslli’N’Jﬁﬂ
1 qs;’ Aq ¥ kY = 1 A A o a ~Aq ¥ Yy Y 1 Qg:
!'H'éﬂuuGllmgVIi“]f\?11!L’JHLﬁEJ!LG]’J1i]$3J“]f’J\‘]1/]i]$EJ?J3JT]J‘Wi]@]ﬂiiiﬂlm%“lflGl‘]f\‘ﬂullﬂﬂ’fﬂ\°m1ﬂm1uu

'
[ ~ v J

d311aa9NnaaedlaeIs Aggrgate Crushing 118 Los Angeles Abrasion 93 UAMNANWUT

q

v g 1 Ao [ Y a Aq Y d [ Y
futluedadmsuuaiagnnrian lniluiagaitani



30
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ATNN 7 UFAANNITNTEIYNIVDIVUIAUAAY B-75

Sieve No. Size (mm.) B-75-1 B-75-2 B-75-3 B-75-4 B-75-5 B-75-6 B-75-7 B-75-8

2" 50.000 100 100 100 100 100 100 100 100
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 75 75 75 75 75 75 75 75
#10 2.000 40 40 40 30 30 30 20 20
#40 0.425 30 20 10 30 20 10 20 10
#200 0.075 10 10 10 10 10 10 10 10

MMINN 8 LAAINITHIVUIANASVDIAI0E1 B-75

Size B-75-1 B-75-2 B-75-3 B-75-4 B-75-5 B-75-6  B-75-7 B-75-8
D, 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075
D,, 0450 1.000 1.200 2.000 2.000 2.000 3.000  3.000
D,, 5.000 5.000 5.000 5.500 5.500 5.500 6.000  6.000
C, 066.667 66.667 66.667 73.333 73.333 73.333  80.000  80.000
C. 0540 2667 3.840 9.697 9.697 9.697  20.000 20.000
Grade P w W G P P G G
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Sieve No. Size (mm.) B-65-1 B-65-2 B-65-3 B-65-4 B-65-5 B-65-6 B-65-7 B-65-8
2" 50.000 100 100 100 100 100 100 100 100
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 65 65 65 65 65 65 65 65
#10 2.000 40 40 40 30 30 30 20 20
#40 0.425 30 20 10 30 20 10 20 10
#200 0.075 10 10 10 10 10 10 10 10
G]’]i'l\‘l'ﬁ 10 Llﬁﬂﬂﬂ'liﬂ'lsllu'lﬂﬂagmﬂ\iﬁﬂﬂEi'N B-65
Size B-65-1 B-65-2 B-65-3 B-65-4 B-65-5 B-65-6 B-65-7 B-65-8
D,, 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075
D,, 0.450 1.000 1.000 2.000 2.000 2.000 3.000 3.000
D, 7.000 7.000 7.000 7.500 7.500 7.500 8.000 8.000
C, 93.333  93.333  93.333 100.000 100.000 100.000 106.667 106.667
C. 0.386 1.905 1.905 7.111 7.111 7.111 15.000  15.000
Grade P Y A\ G P P G G
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Sieve No. Size (mm.) B-55-1 B-55-2 B-55-3 B-55-4 B-55-5 B-55-6 B-55-7 B-55-8
2" 50.000 100 100 100 100 100 100 100 100
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 55 55 55 55 55 55 55 55
#10 2.000 40 40 40 30 30 30 20 20
#40 0.425 30 20 10 30 20 10 20 10
#200 0.075 10 10 10 10 10 10 10 10

G]’liN'ﬁ 12 uﬁmmwwumaamméf’mEiN B-55

Size B-55-1 B-55-2 B-55-3 B-55-4 B-55-5 B-55-6 B-55-7 B-55-8

D, 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075

D,, 0.450 1.000 1.000 2.000 2.000 2.000 2.500 2.500

D, 13.000 13.000  13.000  13.000  13.000  13.000  13.000  13.000

C, 173.333  173.333 173.333 173.333 173.333 173.333 173.333 173.333

C. 0.208 1.026 1.026 4.103 4.103 4.103 6.410 6.410

Grade P W W G P P G G
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Sieve No. Size (mm.) B-45-1 B-45-2 B-45-3 B-45-4 B-45-5 B-45-6 B-45-7 B-45-8
2" 50.000 100 100 100 100 100 100 100 100
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 45 45 45 45 45 45 45 45
#10 2.000 40 40 40 30 30 30 20 20
#40 0.425 30 20 10 30 20 10 20 10

#200 0.075 10 10 10 10 10 10 10 10
G]’liN'ﬁ 14 uﬁmmwwumaamméf’mEiN B-45

Size B-45-1 B-45-2 B-45-3 B-45-4  B-45-5 B-45-6 B-45-7 B-45-8

D, 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075

D,, 0.450 1.000 1.000 1.300 2.000 2.000 4.500 4.500

D,, 17.000 17.000 17.000 17.000  17.000 17.000 17.000  17.000

C, 226.667  226.667  226.667 226.667 226.667 226.667 226.667 226.667

C. 0.159 0.784 0.784 1.325 3.137 3.137 15882 15.882

Grade P G 'Y W G G
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gunsal naz3sms
1. MINATDU Natural Water Content (ASTM D2216 ,D2217 , D 4643 )

2. MINAADY Specific Gravity (Na.- N 207/2517 )

@ 3 a a
3. MINATDUNITNTL YA IVDUNAAU ( Grain Size Distribution ) EQI)NE]\WWT‘IMWW;’@'IU

na.-n 204/2517
4. MINATOUHIA Atterberg,s Limit fa]}NEQ]\‘ﬁﬂﬂiJWﬁgﬂl na.- N 102-103/2515

J 9 4
5. MINATOUAINNUTNNTOVDI Coarse Aggregate Taal4n304 Los Angeles

Abrasion 5)1\‘1633J1{515§1u na.- n 202/2515

6. MINATOUMIAIMIUANTNVDINIATIN (Aggregate Impact Value , AIV ) §1484910

UINT91U B.S. 812 : 1967

] Y
7. MINATOUMIAIMIUANHNUBINIATINAUDYNUTIVAVY  ( Aggregate Crushing

Value , ACV ) 81984910010551U B.S. 812 : 1967

8. ﬂTi‘Vlﬂﬁ’é]‘]J‘Vi1ﬁ1ﬂ31m$§l}1uﬂ1uﬂlﬂﬂu’mﬁ'JiJ@]'fJﬂﬁLW]ﬂﬁaWﬂglj’J ( Slake Durability

Index ) $19990INUIATFIU ISRM 1922

9. MsnadoUUAA luel 1ian1snadouAI875 Modified Proctor Compaction

81999910 WIATFIU NA.- N 108/2617

Y
10. M3NAAOURIa95UMIIN California Bearing Ratio ( C.B.R. ) 1 Soak 14849

ANVINTIIU NA.- N 109/2517
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11. minagoumaulszanianuduiin 8199901M31AT91U ASTM D2434-68

ad
IHNII

Y
1. NATOUAMANTANINIAINTTNVDIAI0819AUTTTUINA Tudoadu Tdin

1.1 Natural Water Content Test ( ASTM D2216 ,D2217 ,D464 )
1.2 Specific Gravity Test (Na.- N 207/2517 )

1.3 Atterberg s Limit Test (N8.- N 102-103/2515)

1.4 Grain Size Distribution Test (N@.- N 204/2515)

1.5 Abrasion Test (Na.- N 202/2515)

1.6 Aggregate Impact Value ( B.S. 812: 1967 )

1.7 Aggregate Crushing Value ( B.S. 818 : 1967)

1.8 Slake Durability Index (ISRM 1972 )

1.9 Modification Compaction Test (N@.- NN 108/2517)

1.10 California Bearing Ratio {111 Soaked (Na.- 1 109/2517)

1.11 Permeability Test ( ASTM D 2434-68 )
2. haumeeNhIMsAaglse AemsTounzunsa 3/4 7, 3/8 7, #4, #10, #40,
o @ 1 d' 9 1 =] 9 d’ o [ Y] q Y Y o
#200 ¥hddeganaeazunsamaziesiny PBimeindumnmausulnuld 1dmsnszaedd

g a ~ 9 9y
voudaaumun laeonuuu 13

] k4 l
3. hmsuadaaumed o ImANurL LI g ganaz S uandun

T TNVDIAUAIDY
o v Oy 7
4. NATDUNANTUUIVIUN California Bearing Ratio ( C.B.R. ) {11 Soaked

s v
5. mﬁa‘umﬂmszzﬁmmmfﬁmmmmﬂum@mﬁ

44
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@ IS A a o 1 @ [ 4
6. NATDUNINITNTTINYAIVDUUAAU VDIAUAIDYNHANNITUADA Lﬁ’ﬂ ATV

a < A [ { { 4 3 A
USinaveadaauvuianieg Mlasulasliiiesnnmsuanveuiaay

a sy Ay v o A v o & \
7. 'Jm'i’]gweuﬂﬂvﬁllﬁgﬁﬁ?ﬂWa“ﬂllﬂfﬂ']ﬂﬂ"lﬁ‘ﬂﬂff@ﬂ‘ﬂﬂﬁNﬂlWﬂﬁWﬂ?TNﬁNWH‘Ei%W?TQ
1% 3 a 1 I a [ I a A a
N1INITVNYNIVDUNAA Y E‘]Jﬁ']\‘l"’llf’]ﬂlﬂﬂﬂu ANUUVILIIVDUNAAU UASAUTNUANNWIAINGTY
4 4 Y
AN W%)ﬂllﬁ\?@'i'Jﬁ]ﬁf’]‘]_lﬂ?TNLWNTZﬁNﬂJ@QNT@iﬁTH%ﬂﬁ@Qﬁu‘ﬂ’]ﬂmﬂﬂﬂﬁﬂ‘ﬂ’mﬁﬁ?ﬁuﬁﬁ
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Natural Water Content Test
Specific Gravity Test
Atterberg’s Limit Test

Grain size Distribution Test
Abrasion Test

Aggregate Impact Value Test
Aggregate Crushing Value Test
Slake Durability Index Test
Modified Compaction Test
C.B.R Test

Permeability Test

\4

Y ' a @ <
m?Emmafmﬂummmsﬂszm&mmawmﬂmﬂ

a

AU

Ao v
At muall

v

NAAOU MIVADALUY Modified

v

v

nagoy C.B.R

v

v

NATOY Permeability

NAAOU Grain Size Distribution

v

v

a J
® JUATIEHNANITNANDY

® gsimanisnaand

v Y
NNN19 TUADUNITIVY
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f9EIANININAY 1WY5 niuagan aszys
Natural Water Content % 0.7 2.3 4.4
Specific Gravity 2.673 2.611 2.571
Atterberg’s Limit

- Liquid Limit N.P. 31.4 344

- Plasticity Index N.P. 8.3 10.6
Grain Size Distribution

- ofidudrmuazunsaues 3/4” 100 100 100

- wlesiFudrunzunsaves 3/8” 55 57.4 56.7

- WlesiFudruazuns AUy 10 30 27.6 21.2

- lefiFudruazuns AUy 40 20 26.1 6.5

- nlefifudruazunsanes 200 10 18.4 3.2
Abrasion % 28.8 42.8 51.6
Aggregate Impact Value % 11.25 23.42 29.22
Aggregate Crushing Value % 23.47 34.18 37.65
Slake Durability Index % 99.79 98.4 92.7
Modified Compaction ( gm/ml ) 2.263 2.125 2.070
CBR % 84.5 59.4 87.6
Permeability cm/s 4.51E-05 8.67E-05 2.66E-05
MIIUUNAUTEUL AASHTO A-l-a A-2-4 A-2-4
J519d08190U naNuY NG masuAN
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o d
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@ 515 (navwy) vy Tanendeuuy) A asz13ndeuny) ‘
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d A %
UNNAAVTUTANIIAINITHYDINDUTAI IV

MINN 16 AUAVTANINIAINTTUVOIAI0H AU AT VYT

e VUANNIAINTTU Poorly Grade Gap Grade Well Grade
ﬂ31NLLﬂHLLﬁQQQQQ 2.170 —2.300 2.203 —2.284 2.188 —2.290
(gm/ml)
YSunannudumuzay 45-59 54-6.8 46-62
(%)
= o 6 -4 6 -4 -5 -4
ANUHNUT (cm/s) 5.11x10 —2.68x10 " 5.83x10 —4.44x10 1.02x10" —1.1x10
CBR (%) 52.44 —76.90 59.43 — 56.45 51.51 —88.55

VNHANMINATO LA AVITANIIAINTTVVDINGUAIVINAUIINUHAITIFYT WL
1 { @ S a 1 1 Y
A1 CBR Ngalumnmsnseaedivesvamindy aiua Permeability Y84NINTEIEAIUDI
IS A o A v IS
YPNATAAUILY Poorly Graded THadiga MsnszaeaIvesvAminauILy Well Graded

um Permeability g4g@

MINN 17 AUAVTANNIAINTINVBIAIDINAUUNAIN Y Jan

AU NITANINIAINTTU Poorly Grade Gap Grade Well Grade
ANV ULRIEIER 2.057 - 2.160 2.078 —2.167 2.068 —2.160
(gm/ml)
USannuFur ey 102 -12.3 9.5-12.8 92-123
(%)
= o -5 -4 -6 -4 -5 -4
ANUFNUT (cm/s) 5.90x10° —4.81x10"  1.49x10°—2.83x10" 2.41x10° —4.97x10
CBR (%) 30.32 — 59.43 41.96 — 76.96 36.14 — 73.41

4 a o < A 3| a 1
Lﬁ@W‘ﬂTiﬂﬂﬂWﬂﬂ"ﬁﬂi%%'lﬂﬂ’)‘ll@ﬂ"’llu"mm@ﬂullﬂﬂ Poorly Grade L‘}Juﬂuﬁﬁmmmm

3 a o (= ) Y Ao I A Aa ] 3 a
LN@@Uﬂﬁ%ﬂuhlllﬂ ‘Vlﬂ?illﬂﬁﬂﬁﬂﬂﬁ@‘ﬂ CBR 19110 MAUNNNITNTEIIAIVDIVUIANAAY
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11U Gap Grade 11az Well Grade HABNNTRIWANMINATOUAMANTANIIAINTTUNNAD

1 1 (% 1 a Y d‘ Y 2 Y
WUN ‘l{]ﬂﬂﬁjﬁJ@]’J@EJ'Nﬂuﬁl‘ﬁ'WﬁﬂclﬂaLﬂﬂﬁﬂu

MINN 18 AUAVTANIIIAINTTUUDIAIDI AU AIATEYT

e NITANNIAINTTU Poorly Grade Gap Grade Well Grade
ﬂﬁWNLLﬁulLﬁﬂgiijﬂ 2.030-2.072 2.012-2.073 2.030-2.072
(gm/ml)
USuannuF I ey 7.2-10.1 79-94 8.0-9.1
(%)
= o % -4 6 -4 -5 -4
ANUFUU (cm/s) 5.50x10 —1.37x10 1.86x10 —5.05x10 1.09x10 " —2.38x10
CBR (%) 41.96 —90.88 50.11 —94.37 51.28 — 80.40

NIHAMINATOUAANTANIIAINTIVVDINQUAIDINAUNINUHAIATEYT WU
o IS a { o @ ' { '
Tunamanszaedvesvnaladu liwansnagoulndiResny uazdaiian CBR Nigeni
1A 1< { a @ 3 a [ @ a

uvasnneTan 019 unaNloNITANIINITNTZ BRIV NAIAAUTAIIASAYDIAY

~ ~ ' Yy A 9y @ 3 a Ay J Y
NNAIYF(ONA 34-37) Aeui g lansmsnszaedvesvnadadui luuanaieiu

IS ' Y @ I a @ v o &
ovazilunquiReIny taznanINTzeAveINAaAuTaIIAdAduTl UL Well

A 091} £ o Yy 1 A
Graded NoUNIHUAIIR Inim CBR Ng
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. IEETRLY ala.
. LUY 2 CBR (%) -

GRRIAN . ANN¥UY ANNTY

- LW »

au NLPTREAa Y iy

AL
% 95% 7o
gm/ml 12 Blows 25 Blows 56 Blows
Compaction

B-45-1-P 2251 4.5 22.86 46.62 71.08 47.40 6.19E-06
B-45-2-P 2.300 5.8 26.82 47.79 76.90 35.00 1.86E-05
B-45-3-G = 2.292 6.1 34.97 44.29 68.75 39.50 1.61E-05
B-45-4-W  2.252 5.2 31.48 43.13 87.38 41.00 1.46E-05
B-45-5-W  2.224 4.6 21.00 47.79 88.55 27.30 1.02E-05
B-45-6-W  2.228 6.2 26.82 48.95 82.72 38.10 1.38E-05
B-45-7-G  2.242 5.9 20.30 46.62 81.56 25.20 8.25E-06
B-45-8-G  2.250 6.0 44.29 67.58 83.89 60.00 1.22E-05
B-55-1-P 2212 53 19.83 39.63 52.44 25.60 2.68E-04
B-55-2-W  2.260 5.0 20.30 39.63 64.09 31.80 1.29E-05
B-55-3-W  2.290 5.2 25.66 46.62 57.10 40.40 1.10E-04
B-55-4-G = 2.217 5.6 18.67 44.29 59.43 30.20 9.77E-06
B-55-5-P 2.287 5.2 26.82 46.62 59.43 43.70 6.11E-06
B-55-6-G = 2.282 5.7 34.97 50.11 69.91 46.50 1.12E-05
B-55-7-G  2.292 5.6 22.63 42.20 72.94 28.30 2.87E-05
B-55-8-G  2.293 6.2 36.60 54.54 85.05 48.60 6.36E-05
B-65-1-P  2.208 4.9 34.51 50.58 59.90 42.10 1.04E-05
B-65-2-W  2.238 6.1 26.36 44.99 60.36 34.80 1.33E-05
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any YT
o 2 CBR (%)
AN 4y AN aa.
u uRe  Mway ANUF
qaga Yo 95% 1
12 Blows 25 Blows 56 Blows
gm/ml Compaction %
B-65-3-W  2.243 5.9 32.18 55.47 74.11 46.50 5.59E-05
B-65-4-G 2.210 5.9 17.50 47.79 78.76 27.20 2.59E-05
B-65-5-P 2.224 6.6 27.52 65.02 72.24 60.10 3.22E-05
B-65-6-G =~ 2.284 5.9 30.08 5291 82.72 50.30 1.97E-04
B-65-7-G  2.250 6.8 25.89 48.25 66.42 45.30 2.09E-05
B-65-8-G  2.250 7.7 27.29 55.47 81.33 63.80 4.37E-04
B-75-1-P 2.17 5.0 27.99 47.32 57.80 39.00 1.20E-05
B-75-2-W  2.188 5.2 27.29 37.30 51.51 36.90 2.41E-05
B-75-3-W  2.258 5.6 26.12 47.09 59.43 41.80 4.46E-05
B-75-4-G = 2.203 6.3 22.63 44.99 60.60 41.80 1.16E-05
B-75-5-P 2.23 5.9 33.34 46.62 56.40 33.30 9.92E-06
B-75-6-G  2.259 5.4 39.87 58.73 78.76 51.50 4.44E-04
B-75-7-G = 2.238 6.2 31.01 45.69 61.06 42.20 1.47E-05
B-75-8-G = 2.228 5.5 31.48 62.23 86.45 67.90 5.83E-06
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A -
. IEETRLY ala.
. LUY 2 CBR (%) -

GRRIAN . ANN¥UY ANNTY

- LW »

au N Y iy

AL
% 95% 7o
gm/ml 12 Blows 25 Blows 56 Blows
Compaction

B-45-1-P 2.098 10.6 14.71 27.99 50.11 21.20 4.81E-04
B-45-2-P 2.160 10.2 10.75 11.68 30.32 25.30 5.98E-05
B-45-3-G = 2.117 10.8 7.02 32.65 43.13 26.50 7.68E-05
B-45-4-W  2.142 9.2 17.97 40.80 57.10 30.80 9.33E-05
B-45-5-W  2.140 9.2 7.95 26.36 73.41 34.00 2.93E-05
B-45-6-W  2.160 9.8 8.42 23.33 59.43 41.80 7.72E-05
B-45-7-G 2.166 9.5 19.37 50.58 51.28 44.40 1.75E-05
B-45-8-G 2.163 9.6 21.70 53.61 89.71 43.30 2.72E-05
B-55-1-P 2.145 10.9 8.65 13.08 31.48 20.30 2.68E-04
B-55-2-W  2.125 10.9 10.28 22.16 36.14 26.80 4.21E-05
B-55-3-W  2.074 11.9 22.16 37.07 55.94 25.70 4.78E-04
B-55-4-G  2.125 11.5 9.59 31.48 50.11 25.90 7.07E-05
B-55-5-P 2.133 10.8 13.31 32.65 40.80 31.80 1.75E-04
B-55-6-G 2.08 11.5 7.72 18.67 45.46 12.50 2.01E-04
B-55-7-G 2.167 11.8 15.18 23.33 58.27 16.90 7.13E-05
B-55-8-G 2.132 11.5 9.35 18.67 55.94 12.30 7.13E-05
B-65-1-P 2.067 11.5 27.99 46.62 59.43 36.20 8.69E-05
B-65-2-W  2.086 11.3 11.22 24.03 45.46 17.20 4.97E-04
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AW -
o SIERTRL
AIVIN 3 aia.
- AT CBR (%)

Al R AT

MU e )

990 W

95%
gm/ml % 12 Blows 25 Blows 56 Blows %
Compaction

B-65-3-W  2.074 11.4 11.68 22.16 48.95 16.80 1.90E-04
B-65-4-G 2.097 10.9 10.52 30.32 71.08 20.00 1.49E-06
B-65-5-P 2.067 11.8 15.87 21.23 36.14 19.30 4.11E-04
B-65-6-G 2.078 11.9 8.19 21.70 45.46 16.30 1.63E-04
B-65-7-G  2.078 12.8 8.65 24.49 41.96 13.30 3.53E-05
B-65-8-G  2.142 10.5 7.49 27.99 59.43 33.70 2.83E-04
B-75-1-P 2.057 12.3 8.19 32.65 40.80 31.50 1.49E-04
B-75-2-W  2.068 11.5 6.79 20.53 38.47 22.30 2.41E-05
B-75-3-W  2.068 12.3 10.52 32.18 48.72 20.90 3.11E-05
B-75-4-G 2.108 11.6 19.83 37.30 50.11 32.20 2.31E-04
B-75-5-P 2.100 11.1 22.16 32.65 41.96 25.30 2.00E-04
B-75-6-G 2.085 11.8 17.97 32.65 53.61 26.40 2.55E-04
B-75-7-G 2.139 11.6 19.83 33.81 55.24 26.80 1.22E-04
B-75-8-G 2.096 11.0 12.85 33.81 76.90 27.70 1.93E-04
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% 95% 7o
gm/ml 12 Blows 25 Blows 56 Blows
Compaction

B-45-1-P 2.050 7.9 14.71 37.30 54.77 39.00 2.53E-05
B-45-2-P 2.050 7.2 29.62 60.60 71.08 41.00 1.52E-05
B-45-3-G 2.038 8.8 45.46 50.11 67.58 48.10 3.89E-05
B-45-4-W  2.058 8.2 31.48 43.13 67.58 35.00 7.39E-06
B-45-5-W  2.055 8.8 31.48 40.80 57.10 37.30 1.09E-05
B-45-6-W  2.040 8.0 27.99 69.91 80.40 72.80 1.43E-04
B-45-7-G 2012 94 21.00 45.46 54.77 34.00 1.47E-05
B-45-8-G 2.040 8.0 52.44 80.40 94.37 83.10 2.35E-05
B-55-1-P 2.030 10.1 23.33 47.79 52.44 28.50 8.88E-05
B-55-2-W  2.031 9.1 24.49 44.29 52.44 4170  3.95E-05
B-55-3-W  2.062 8.9 43.13 64.09 67.58 57.50 2.38E-04
B-55-4-G  2.080 8.7 23.33 46.62 52.44 34.10 2.02E-05
B-55-5-P 2.064 8.5 32.65 47.79 60.60 40.10 9.11E-06
B-55-6-G 2.062 8.5 54.77 68.75 73.41 66.50 2.54E-05
B-55-7-G 2.068 8.6 23.33 50.11 68.75 45.80 3.30E-05
B-55-8-G 2.030 8.7 54.77 75.74 89.71 70.50 6.14E-05
B-65-1-P 2.068 8.8 32.65 40.80 44.29 36.20 6.50E-06
B-65-2-W  2.060 8.5 34.97 52.44 57.10 47.80 2.22E-05
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% 95% 7o
gm/ml 12 Blows 25 Blows 56 Blows
Compaction

B-65-3-W  2.072 8.3 46.62 70.61 80.40 72.70 1.43E-05
B-65-4-G  2.044 8.8 19.83 52.44 66.42 3250  2.41E-04
B-65-5-P 2064 9.2 27.99 85.05 90.88 88.50  2.21E-05
B-65-6-G  2.040 8.0 40.80 64.09 94.37 65.20 5.05E-04
B-65-7-G  2.035 9.0 36.14 59.43 73.41 39.00 6.04E-05
B-65-8-G  2.040 8.8 50.11 64.09 82.72 69.10 7.06E-05
B-75-1-P 2,072 8.6 38.93 52.44 59.43 50.20 1.37E-04
B-75-2-W  2.065 8.5 40.80 45.46 51.28 44.00 2.28E-05
B-75-3-W  2.045 9.1 32.65 48.95 54.77 44.50 5.77E-05
B-75-4-G  2.050 8.8 20.53 40.80 55.94 44.50 1.55E-04
B-75-5-P  2.062 8.6 34.97 50.11 57.10 4260  2.26E-05
B-75-6-G  2.073 7.9 46.62 65.25 80.40 66.00 1.94E-05
B-75-7-G  2.060 9.1 31.48 46.62 50.11 45.90 1.17E-04
B-75-8-G  2.067 8.8 40.80 78.07 85.05 84.60 1.86E-05
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Sieve Size

B-45-1 B-45-2 B-45-3 B-45-4 B-45-5 B-45-6 B-45-7 B-45-8
No. (mm.)
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 71.4 68.9 62.9 68.7 77.3 70.1 67.1 74
#10 2.000 44.5 48.5 37.7 31.1 41.7 38.7 41.5 44
#40 0.425 30.8 31.4 16.2 21.8 26.5 19.4 24.7 23.2
#200 0.075 19.9 13.9 12.4 17 14 11.5 13.8 9.9
Sieve Size

B-55-1 B-55-2 B-55-3 B-55-4 B-55-5 B-55-6 B-55-7 B-55-8
No. (mm.)
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 72.9 77.6 74.9 73 70.6 82.6 77.1 78.7
#10 2.000 445 47 39.7 38.9 427 42.6 39.9 29
#40 0.425 32.1 30.2 21.4 34.6 31.7 17.4 21.9 15.9
#200 0.075 19.5 16.7 15.1 21.9 24.5 9.1 15.3 8.3
Sieve Size

B-65-1 B-65-2 B-65-3 B-65-4 B-65-5 B-65-6 B-65-7 B-65-8
No. (mm.)
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 76.4 77.3 77.5 82.2 75.7 80.4 78.2 78.9
#10 2.000 40.4 36 48 41.5 40.2 33.3 28.7 39.8
#40 0.425 21.5 22 17.4 35.5 25.5 20 22 23.7
#200 0.075 15.7 18.6 11.3 22.2 15.6 15.8 14 18.1
Sieve Size

B-75-1 B-75-2 B-75-3 B-75-4 B-75-5 B-75-6 B-75-7 B-75-8
No. (mm.)
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 81.5 84 68.8 80.1 82.3 84.7 82.6 77
#10 2.000 31.9 39.4 29.3 40.3 38.7 34.2 31.1 48.2
#40 0.425 18.8 17.7 11.6 34.4 25.5 15.5 24.4 27.1
#200 0.075 10 6.3 7.5 18.9 15.2 9.7 15 11.8
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Sieve Size
B-45-1 B-45-2 B-45-3 B-45-4 B-45-5 B-45-6 B-45-7 B-45-8
No. (mm.)

3/4"  19.000 100 100 100 100 100 100 100 100
3/8" 9.500 69.5 74.1 72.3 70.7 70.0 67.6 71.5 71.2
#10 2.000 30.7 333 313 30.1 26.4 27.6 333 33.7
#40 0.425 17.0 19.8 15.2 13.1 15.5 10.6 20.2 19.2
#200 0.075 7.9 9.6 5.8 7.4 9.3 7.0 12.2 8.3

Sieve Size
B-55-1 B-55-2 B-55-3 B-55-4 B-55-5 B-55-6 B-55-7 B-55-8
No. (mm.)

3/4"  19.000 100 100 100 100 100 100 100 100
3/8" 9.500 76.4 77.4 74.6 78.5 78.0 74.1 76.7 75.2
#10 2.000 342 242 324 329 339 27.5 27.0 36.3
#40 0.425 17.9 10.7 19.8 11.3 16.0 20.0 12.7 22.0

#200 0.075 9.1 4.7 10.9 4.8 9.0 11.5 8.0 13.7

Sieve Size
B-65-1 B-65-2 B-65-3 B-65-4 B-65-5 B-65-6 B-65-7 B-65-8
No. (mm.)

3/4"  19.000 100 100 100 100 100 100 100 100
3/8" 9.500 85.8 84.3 83.2 80.3 83.2 82.7 83.2 83.9
#10 2.000 34.6 343 29.4 31.0 34.7 41.1 325 32.8
#40 0.425 23.0 16.5 16.5 14.6 17.6 133 14.3 14.9
#200 0.075 12.6 10.9 8.9 10.8 9.6 6.9 8.7 9.6

Sieve Size
B-75-1 B-75-2 B-75-3 B-75-4 B-75-5 B-75-6 B-75-7 B-75-8
No. (mm.)

3/4"  19.000 100 100 100 100 100 100 100 100
3/8" 9.500 86.5 84.7 83.4 86.1 83.7 85.4 85.7 78.3
#10 2.000 33.9 34.0 38.5 333 32.7 30.6 28.3 31.7
#40 0.425 17.6 2245 18.2 12.7 12.5 17.7 13.0 10.4
#200 0.075 9.4 10.95 7.7 6.5 4.7 9.4 5.9 5.0
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Sieve Size

B-45-1 B-45-2 B-45-3 B-45-4 B-45-5 B-45-6 B-45-7 B-45-8
No. (mm.)
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 71.6 73.4 72.2 71.2 70.9 71.2 71.8 70.6
#10 2.000 22 18.8 17.4 21.7 24.9 21.5 19.8 18.6
#40 0.425 9.5 7 5 9.2 13.1 6.8 9.3 7.2
#200 0.075 4.5 2.6 1.6 1.6 5.1 3.2 2 1.6
Sieve Size

B-55-1 B-55-2 B-55-3 B-55-4 B-55-5 B-55-6 B-55-7 B-55-8
No. (mm.)
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 76.2 75.1 78.5 75.1 79.8 74.4 78.8 76.1
#10 2.000 20.3 21.3 14.2 16.1 29.8 23.1 27.9 19.4
#40 0.425 7.4 5.5 4 5.3 12.2 5.1 10.1 5.4
#200 0.075 2.3 1.5 0.8 1.1 2.9 0.4 2.7 1.1
Sieve Size

B-65-1 B-65-2 B-65-3 B-65-4 B-65-5 B-65-6 B-65-7 B-65-8
No. (mm.)
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 89.9 83.3 87.8 89.3 90.6 87.4 88.2 89.7
#10 2.000 24.6 25.9 34.1 27.7 29.1 32.3 30 28.7
#40 0.425 7.1 7.2 9.2 10.5 9.6 9.8 10.9 9.2
#200 0.075 1.7 3 2.4 3 3.5 3.3 3.8 3.6
Sieve Size

B-75-1 B-75-2 B-75-3 B-75-4 B-75-5 B-75-6 B-75-7 B-75-8
No. (mm.)
3/4" 19.000 100 100 100 100 100 100 100 100
3/8" 9.500 89.9 83.3 87.8 89.3 90.6 87.4 88.2 89.7
#10 2.000 24.6 25.9 34.1 27.7 29.1 32.3 30 28.7
#40 0.425 7.1 7.2 9.2 10.5 9.6 9.8 10.9 9.2
#200 0.075 1.7 3 2.4 3 3.5 3.3 3.8 3.6
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Size B-45-1 B-45-2 B-45-3 B-45-4 B-45-5 B-45-6 B-45-7 B-45-8
D, 0.65 0.65 0.4 0.4 0.4 0.4 0.4 0.4
D,, 2.3 2.3 1.8 2.3 2.3 1.8 2.3 2.3
D, 5 5 5 5 5 5 5 5
Cy 7.7 7.7 12.5 12.5 12.5 12.5 12.5 12.5
Ce. 1.6 1.6 1.6 2.6 2.6 1.6 2.6 2.6
Grade P w w G P P G G
Size B-55-1 B-55-2 B-55-3 B-55-4 B-55-5 B-55-6 B-55-7 B-55-8
D, 0.6 0.6 0.6 0.6 0.3 0.6 0.3 0.6
D,, 2.5 2.5 2.5 2.5 2.0 2.5 2.0 2.5
Dy, 6.0 6.0 6.0 6.0 5.0 6.0 5.0 6.0
Cy 10.0 10.0 10.0 10.0 16.7 10.0 16.7 10.0
Ce. 1.7 1.7 1.7 1.7 2.7 1.7 2.7 1.7
Grade P 'Y W G P P G G
Size B-65-1 B-65-2 B-65-3 B-65-4 B-65-5 B-65-6 B-65-7 B-65-8
D, 0.5 0.5 0.5 0.7 0.5 0.5 0.5 0.5
D,, 2.2 2.2 2.2 2.2 2.2 2.5 2.5 2.5
D, 5.5 5.5 5.5 5.5 5.5 5.5 6.5 5.5
Cy 11.0 11.0 11.0 7.9 11.0 11.0 13.0 11.0
C. 1.8 1.8 1.8 1.3 1.8 2.3 1.9 2.3
Grade P ‘'Y W G P P G G
Size B-75-1 B-75-2 B-75-3 B-75-4 B-75-5 B-75-6 B-75-7 B-75-8
D, 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4
D,, 2.3 22 1.8 2.2 2.2 1.8 2.2 22
Dy, 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Cy 9.0 11.3 11.3 11.3 11.3 11.3 11.3 11.3
Ce. 24 2.7 1.8 2.7 2.7 1.8 2.7 2.7
Grade P 'Y W G P P G G
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Size B-45-1 B-45-2 B-45-3 B-45-4 B-45-5 B-45-6 B-45-7 B-45-8
D, 0.5 0.5 0.8 0.8 0.2 0.6 0.6 0.6
D,, 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
D, 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Cy 14.4 14.4 8.1 8.1 32.5 10.8 10.8 10.8
Ce. 2.5 2.5 1.4 1.4 5.6 1.9 1.9 1.9
Grade P w w G P P G G
Size B-55-1 B-55-2 B-55-3 B-55-4 B-55-5 B-55-6 B-55-7 B-55-8
D, 0.6 0.6 1.0 0.9 0.3 0.6 0.4 0.6
D,, 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
D, 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Cy 9.2 9.2 5.5 6.1 18.3 9.2 13.8 9.2
Ce. 1.9 1.9 1.1 1.3 3.8 1.9 2.8 1.9
Grade P 'Y W G P P G G
Size B-65-1 B-65-2 B-65-3 B-65-4 B-65-5 B-65-6 B-65-7 B-65-8
D, 0 0 0 0 0 0 0 0
D,, 2 2 2 2 2 2 2 2
D, 5 5 5 5 5 5 5 5
Cy 10 10 10 10 10 10 10 10
C. 2 2 2 2 2 2 2 2
Grade P ‘'Y W G P P G G
Size B-75-1 B-75-2 B-75-3 B-75-4 B-75-5 B-75-6 B-75-7 B-75-8
D,, 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
D,, 2.2 22 2.2 1.7 2.2 1.7 2.2 22
Dy, 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Cy 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Ce. 2.4 2.4 2.4 1.4 2.4 1.4 2.4 2.4
Grade P 'Y W G P P G G
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Size B-45-1 B-45-2 B-45-3 B-45-4 B-45-5 B-45-6 B-45-7 B-45-8

D, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
D,, 0.4 0.4 1.3 2.0 0.6 1.0 0.7 0.7
D, 5.0 5.0 8.0 6.5 5.5 5.8 6.5 5.0
Cy 66.7 66.7 106.7 86.7 73.3 77.3 86.7 66.7
Ce. 0.4 0.4 2.8 8.2 0.9 2.3 1.0 1.3
Grade P w w G P P G G
Size B-55-1 B-55-2 B-55-3 B-55-4 B-55-5 B-55-6 B-55-7 B-55-8
D, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
D,, 0.3 0.4 0.3 0.3 0.3 0.9 0.9 2.0
Dy, 4.5 4.0 4.8 4.0 5.0 5.0 4.0 4.0
Cy 60.0 53.3 64.0 53.3 66.7 66.7 533 53.3
Ce. 0.3 0.6 0.3 0.2 0.2 22 2.7 13.3
Grade P 'Y W G P P G G
Size B-65-1 B-65-2 B-65-3 B-65-4 B-65-5 B-65-6 B-65-7 B-65-8
D, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
D,, 0.9 1.0 0.8 0.2 0.8 1.4 2.0 0.8
D, 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Cy 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
C. 24 3.0 1.9 0.1 1.7 5.8 11.9 1.9
Grade P ‘'Y W G P P G G
Size B-75-1 B-75-2 B-75-3 B-75-4 B-75-5 B-75-6 B-75-7 B-75-8
D, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
D,, 1.7 1.1 2.1 0.3 0.8 1.5 1.7 0.6
Dy, 4.8 6.5 3.9 4.5 4.5 4.5 4.8 6.0
Cy 64.0 86.7 52.0 60.0 60.0 60.0 64.0 80.0
Ce. 8.0 2.5 15.1 0.2 1.7 6.7 8.0 0.7
Grade P 'Y W G P P G G
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