1-1
-1
/
-2
2-1
1-2-1
80% -1
5% -2
15 % -3



2-2-1

: :3-1

5-10

2-3-1

:3-3-1

d>75 um
d<75 um



C=1-3

C, > 4

pl dl
pi di p2 d2
> Pi/P=f(dn)
. 200
(ASTMC 33)4= oY) dda) gal)
110
100
/——"‘" = N
22 /// v 4
?_ 70 ) » Vi
5 60 / /£
% s L )'g
3 a0 /' L
2 AP
Vd
10 A
0
150 300 600 1.18 2.36 4.75 9.5
Saial) Culia
:(Hazen)
Cu=Dso/D10
C=(D30)*/D1o[ 1Dgo
60%,30%,10% Do , D3o , Dig



(1/8)

( 0.425mm)(NO 40)

. C.BR




PI:WL—WP

PI

5>

5-10

10-20

20-40

>40

(1-1)

1-w
c1=Y
PI

wl ,PI

(1-1)

CI



CI

0>
0-0.25 -

0.25-0.5 -
0.5-0.75 -
0.7 5-1

>1

(2-1)

( N0.4)
_ ) Smm

(20) - (

hi h2 (h2) (h1)
S.E=h2/h1 .100
S.E (0-100)
.G-1)

20
40
100

(3-1)

(25 )



. (4-1)

S.E

20

30

45-50

75

(4-1)




:(Soil Classification) 4-1

A-7 A-1 AASHTO

(5-1)
AASHTO

. Gieneral ) Granular Matcrials Silt-Clay Materials
Qlassification (35% or licss passing 0.075 mm) (More than 35% passing 0.075 mm}
- Al A2 A7
Group
4 Classification Al Ad AS A6 - | ATS
Ala | Alb A24 | A25 | A26 | A2T7 A6

Sieve Analysis, Percent Passing:

2.00 mm (No. 10) 50 max
0.425 mm (No. 40) 30 max |50 max |51 min
0.07S mm (No. 200) 15 max | 25 max | 10 max | 35 max |35 max |35 max |35 max 36 min } 36 min 36min | 36 min

Characteristics of Fraction
Passing 0.425 mm (No. 40)

Liquid limit 40 max |41 min |40 max |41 min | 40 max | 41 min |40 max {41 min.
Plasticity index 6 max N.P. |10 max |10 max | Il min | I min | 16 ma'xv 10 max |11 min {11 min®
Usual Types of Significant Stone Fragments Finc
Constituent Materials . Gravel and Sand | Sand Silty Clayey Gravel Sand Silty Soils Clayey Soils
General Rating as Subgrade Excellent to Good Fair to Poor

\

* Plasticity inedx of A.7.5 subgroup is equal to or less than LL minus 30,
Plasticity index of A.7.6 subgroup is greater than LL minus 30.

AASHTO
AASHTO (5-1)



5-1

1-5-1

2-5-1




1654

160 = Zero air - voids
\ curve for soif
particles with
\ specific gravity
of 2.65
150 \
T N
= 140 A\
3 N2
> N
©
S 100 % relative \
£ 130 J/ compaction
e e e e e it
g /m%/-ommum
| il moisture __ |
} content
A Dry weight of \ \
120 sample compacted ™
byAASHTOstandard \ \
method
[l ~N
110 L

0 2 4 6 8 10 12 14 16 18
Moisture content, % of dry weight

A
B
)
(Vo) (w)
( )
(6-1)
. (AASHTO)
20 mm

5 —-20 mm



C.B.R

6m = 152cm

4in = 10.15cm

459in = 11.70cm

459in = 11.70cm

2in = 5.08 cm

2in = 5.08 cm

55b =249kg

551b =249 kg

18in = 45.7cm

12in = 30.4 cm

5 3
55 25
(6-1)
:3-5-1
( )
oo n.p.h
\4

kg.m/m’ C
kg p
m h
n
l’Ifl3 \'%

¢ = 176300 kg.m/m’

¢ = 60400 kg.m/m’



i dmax

ydlmax = Y
1—x (1_ dmax )
G.yw
Wi=(1-x)w %
g/Cl’Il3 Yd1max .
(g/cm3) Y dmax
G
(3/4" ) X %
wl
w %
4-5-1
30 cm
95 %
-1
IP=6 -2
-3

5 - 10 cm



:5-5-1

o= N.F
L.H
kg.m/m’ -C
( ) -N
- L
kg F
(m)
c.L.H
N =
F

Q=p, dmax N a
Yan
m () L
kg/cm?
o
a=0.4-0.5
a=0.6
a=0.75
) a=0.90-0.950

o=1.0



16-5-1

13/

418t
- IOO(a;Ib)k.V 2h

m?/h g

m a

(0.1 -0.2m) b

2.5 -3 km/h 1.7 -2 km/h v

0.85—0.90 k

(4-8) N



T T iy

— -
i e e T i
I e o na b T L A v i Y T L e Py g it LI L R

idallas 0 s 16:(9.4) 15

30-80t

.4m

30 cm

_ k.vha m¥h

m?/h
km/h

WIS T s e CTQAY s,

i B el = P

(8 12)

< JUw

= Z 5 o



15 - 25

10 — 80 kg/cm® 24
( )
CD=_d
Ydmax
g/em’
glem’ ( )
20 mm

cm

4—-10m
16-1

Yd
Y dmax

Y dmax -



/-1

1-7-1
1-1-7-1
:(C.B.R) -
C.B.R
96
h
(0.03kg/cm?2 ) .(101=4.53kg)
.(12cm)

( 3in2=19.3cm2. )

0.5in 0.4in 0.3in 0.1in 0.2in 0.075in 0.05in 0.025in

( )
(2)

(1)

(C.B.R)
0.1in 0.2in



¥} |
y“ 0 COARKE TWOM N i GUIRED I
~ )
o%
X - mm— s A r’//-
——— N T
‘*& SPECIMEN NGO 1 4 , /r |
. ' |
T — 1 -~
# N
________ _..__-_L._~__,,_, g SPELIMEN NO 1
SPECIMEN MO 2- 2 3N PENTINATIUN
- xa
) 2 { C8R: 2150 <3837
": F- - - r S OMM FENETRATION
o i8S .
L= 3 *3q
E I ! R coR-{ta1000 308
20} —— i : 4 3
e J H—— CBA: 18 37 (AT 5 1AM PEN)
o o P 2
o :, I (‘! SPECI™MEN HO 2
5' = I 25 MM PENETRATION
e A :
x' e “' LCHAECTED CBR S 0100228 4/,
r' el "‘i LOMM EIRETRATICN
w a
4 Z| @ CORRECTLO CORe 2 %i00:2714 7
w0} ::}- :I.: N i' 18 g
El [ e CBR-CB ¢/LIAT 25 MM PEN)
gl i of
r w
&l ] t
L o4 o
.
ol gy A ol
S
i h
/{ g £l
- Vi B! i ! J
23 50 bs

2Q 25
FLNETRATON, MM ,‘3‘;‘.}[‘ [¥ )

Load-Penetration Curve in CBR Test

2) (1)

C.B.Rg;= 0.1lin x 100
3000(Ib)

C.B.Rgo= 0.1in x 100
4500(1b )
C.B.Ry, C.BRy,< CBRy,

C.B.R
.C.B.R

(7-1)
(in) (Ib/in2 ) (Ib)

0.1(2.5mm ) 1000(70kg/cm?2) 3000(1370 kg)

0.2 (5mm ) 1500(105kg/cm?2) 4500 (2055kg )

0.3 (7.5mm ) 1900(134kg/cm?2)

0.4 (10mm ) 2300(162kg/cm?2)

0.5 (12.5mm ) 2600(183kg/cm?2)

(7-1)
(CBR )



(E

(lin 2.5cm )

10 t

C.B.R

95%
CBR
0.03 kg/cm’
C.BR
( )
E (kg/cm®) = 65 (C.B.R)"®
C.BR

(k)

:(Plat Bearing Test)

(30in 75¢m )

(2.5 cm)
(30cm 45cm  60cm )
dmm
(75cm)

5t

120

90%



(60cm )
(I15cm )

(15cm )

( 45cm )
(15cm )

0.14 kg/lem®>  0.07 kg/cm’

o 07 kg/cm?
(cm)
(0.35kg/cm2 )
16
/ )
k/
« 7 )

k=-—k'

0.7 kg/cm®

0
0S

-(10)

95 %
100%

90%

95 %
100%

0.7 kg/cm®

(2.1 kg/em?)

k <3 kg/em®

k/



5L S TRESS

0.7 kg/em® 0s
(
E=87k+9
kg/cm®
kg/cm® k
2-1-7-1
(¢, ©
T =otgop+c
kg/cm® T
c o

:8-1
-1
-2

vertical stress

AUl st Al
Shear
Stress

—,

Sl slad

U_.u\.a_]‘ ‘JLY‘;X\
Lateral stress .

TIME



(N)

(N)

-2
-3
-4
(ep)
eEp=A. N°

N

A

b
9-1
3



3-10

h>125T

. F1
1%

Q=K.t.(T,-Ts)/h

h=A+1

cm

F1, F2, F3, F4
F4

.T0:20C

0.02mm



1.5

m

3m

F4
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4)

4.75

-2 -1
-3
)
:(Aggregate sources) :1-3
1-1-3
(

2-1-3
(Aggregate Types) :2-3
-1

.(200) 4.75 mm
-2

75 mm mm
-3
-4



5x5 cm
5cm
( ) =7
( ) -8
75
(Aggregate Properties) §yall aibiguaad &0 ladl galeadl :3-3
1-3-3
10 — 12.5 mm ( )
25 3 Wi
40 KN/min 400 KN
w2 2.36 mm
%XIOO
.2.36 mm -W2
-W1
45 30
AASHTO
:2-3-3
50 40 25

+5



1.8

15

(12%)

:3-3-3

%10
%(20-10)
20-30%
( ) 45 %
(Durability) 4-3-3
105-110° C 16 -18 h
/51
(10%)

Shape Surface :5-3-3

6.3 mm

10 mm 20 mm

27 mm mm



= 100xW1/W

-W1
-W
(10— 15%)
0.6
. 6.3mm
106/
14 mm 20 mm
0.6 x (20+14) /2 = 10.2mm
10.2 mm
= 100xW2/W
-W2
-W
(10— 15%)
100 3
100x W _
wxQG —67 =
-W



67%
0-10
6-3-3
;50
. o
P =100 (%)n

d _p
-D
-1n

0.5 (0.4 0.6) n

D =19 mm
(6.23 %)

C.B.R.



150

L A AL A A A D S S K
CBR: Maximum density
Standard AASHO Standard AASHO =
15-biow compaction 15-blow cuimpaction <
146 5-blow compaction o 5 -blow compaction 80 3
P
2 g
< 142 60 S
& ©
7 [
I
oo
8 £
> 138 40 §
5 &
T
IS
134 120 &
=
° (&
-
130 l [ 1 | L | l ! I TS J 0

<
]
-
[}
o

10 12 14 16 18 20 22
Per cent finer than No. 200 sieve

C.B.R. - - -
AASHTO
AASHTO
1-6-3-3
) (1)
- 100 (2.5) 625
100 100 — 90 (2) 50.0
100 - 90 - (1.5) 37.5
85 — 55 - (1) 25
80 — 50 - 413) 19
70 — 40 - (873) 9.5
60 — 30 70 - 35 4 ) 475
50 - 20 - (10 ) 2.54
30 - 10 - (40 ) 0.425
15-5 15-0 (200 ) 0.075




31

25

. (AASHTO  176-73 )
6 .( AASHTO  T90-80 )
50 . (AASHTO  T96-77 )
50 . (ASTM D1883 )
-2-6-3-3
(%8)
3) ) (1)
- - 100 2) 50
- 100 - (1.5) 375
100 95 — 70 85— 55 (1) 25
100 — 70 85 — 55 80 — 50 (0.75) 19
65 — 35 60 — 30 60 — 30 4 ) 475
25-15 25 - 10 25 - 10 (40 ) 0.425
10-3 10-3 10-3 (200 ) 0.075
) 0425 Y% 200




12 (AASHTO  T104-77)
45 11.1 T96-77 AASHTO )
35 10.1 AASHTO T176-73)
25 6.1 AASHTO  T89-80)
6 (AASHTO  T90-80)
100 (1) ( AASHTO D1883)
80 () ( AASHTO D1883)
65 (3) ( AASHTO D1883)
/-3-3
24 (60%)
(25%)

8-3-3




/Cl

/A ] /Bl

. il ot ] 1-4-3

mm

C-A

CB| A B A +




(C

C-A A C

C-B B C
A/B=C-A/C-B= x

%100
=100/1+ %
= / %
A + xB
(C BA)

min




40
.C BA

% 100

C BA

C + B +A

.00



d-sisogtizaall slgoll

(Bituminous Materials) 1 -4
-1
. -2
)
-3
. -4
(Bitumen) 1-1-4

(Liquid Asphalt): 2-1-4




( Emulsified Asphalt) 3-1-4

13/



RT-1

(Road tar) 4-1-4

-1

-2

-3
(RT-1 RT-2 ... RT-5)

RT-4 RT-3 RT-2

RT-5

2-4

:1-2-4

2-2-4




ASTM

(70/60)

25° C

:3-2-4

14-2-4

:3-4

AASHTO
11-3-4

12-3-4




:3-3-4

:4-3-4

(35-70° C)

:5-3-4




(25°C)

:6-3-4
1%
.( 300-200)
40%
7-3-4
1.25-1.1 (1.01-1.03)
4-4
AASHTO
200-300|120 - 150 | 80— 100 | 60- 70 {40 —50 T-49
50 70 85 100 120 E -102 ASTM
- + 60 +100 | +100 | +100 T-51
232.2° | 232.2° | 232.8° T-48
1.50 1.30 1.0 0.80 0.80 T-179 (%)




(HMA) dumiabiontdl] 12335 outnouedi

Hot Mix Asphalt-Mix Design

: e Guel 1-5

: e AL Gt Gibliaid] 2-5

(Stability) 1-2-5

(Durability) 2-2-5




(%4)

(Flexibility) 3-2-5




30

(_skid Resistance)

4-2-5

15



Step for Design of H M A dusisdiid] dai M| et Jar| g0 3-5

Selection of A aggregate -1-3-5
Selection of A aggregate Grading -2-3-5
(2-5) (1 -5)

2002-



25 (3) 25 (2) (1)

("1) ("1) ("1.5) 375
- - 100 ('1.5) 37.5
100 100 90— 75 (1) 25
100 — 90 90-75 80-65 (‘4/3) 19
93 - 78 80-65 70-50 (2/1) 12.5
72 - 57 65-55 62-45 ('8/3) 9.5
58 — 43 60-35 46-31 (4 ) 475
43 - 28 35-20 33-18 (10 ) 2
28 — 13 20-7 18-5 (40 ) 0.425
- 25-5 13-3 (80 ) 0.180
7-3 7-3 9-2 (200 ) 0.075

AASHTO T-30-78) (1-5)

(Bituminous base course )




3) ) 1)
(2/1) 12.5 (4/3) 19 (‘4/3) 19
- 100 100 ('4/3) 19
100 100 - 90 90 — 75 ('2/1) 125
100 — 90 83 - 78 79 — 64 ('8/3) 9.5
68 - 54 60 — 46 56 — 41 (4 ) 475
46 — 32 42 — 30 37 -23 (10 ) 2.00
25 — 14 25 — 14 20-7 (40 ) 0.425
16 - 8 16 — 8 13-5 (80 ) 0.180
7-3 7-3 8-3 (200 ) 0.0756
(AASHTO T-30-77) (2 -5)

(Bituminous wearing course )

1/3

Proportioning of Aggregates —-3-3-5




Determination of S.G of the Aggregate

(Ws)

(Ws)

(yw)

(Ws)
(Vap)

(Gsa)

4-3-5

Apparent specific Gravity (Gsa )

(Gsa )

(yw)
Gsa=W/Vs.

Bulk specific Gravity( Gsb)

(Vs)

(Vep) (Vs)

Gsb=Ws/ (Vs+Vpp).

Effective_specific Gravity(Gse)

( Gse)

Gse=Ws/(Vs+ Vpp-Vap ).

Gse=Gsa+Gsb/2

(yw

(Gsb)



S.G .of Bitumen - 5-3-5

Preparation of test Specimen 6-3-5
( )
/3/
Density —Voids Analysis 7-3-5
.(Gmb) Bulk Density (ym) -1
(G) (V) (W)
W=Ws+Wb

Vmb =Vma+Vsb

( Gmb)

Gmb= ym / yw

(Ww) (Wa)



(yw )

Gmb=Wa/(Wa-Ww)

(Wa)
(Wa)
(Gp) (Ww)

Gmb= Wa/( Wa -Ww-(Wa-Wa)/Gp)

(d)
Gmb=Wa /( d2/4).h

Maximum Theoretical Density ( Gmm)

(Va)

Gmm=Ws+Wb/Vmm

Gmm=Pmm/(Ps/Gse+Pb/Gb)

%100

(h)

-Pmm

-Ps



. % -Pb

-Gse
Gmm—i-_}_c_c-;. =
=B T Gs.
(%) - Pb
% (100-pb) — Ps
- Gb
- Gse
Gse =(P1+P2+P3)/(P1/Gsel+P2/Gse2+ P3/ Gse3)
~P1- P2-P3

— Gse3 Gse2 Gsel

Asphalt Absorption -3

Pba=100 (Gse-GSb).Gb /Gsb.Gse

-Pba



-Gse
-Gsb
-Gb

Gsb

Gsb=(P1+P2+P3)/(P1/Gsb1+P2/Gsb2+ P3/Gsh3)

- P1-P2 -P3

— Gsb3 Gsb2 Gsb1l

-4
Effective Asphalt Content of Paving Mixture
(Pbe)
Pbe=Pb - Pba.Ps/100
-Pbe
-Pb
-Pba



. (V.M.A) -5
Percent VMA in Compacted Paving Mixture

(V.M.A)

( Gsb)
V.M.A= 100 - Gmb .Ps/Gsb
-V.M.A
-Gsb
( ) -Gmb
-Ps
/Pa/ -6

Percent Air Voids in Compacted Mixture

(Pa)

Pa=100 (Gmm-Gmb )/Gmm



Percent (V FA )in Compacted Mixture(VFA)

VFA=100(VMA-Pa)/VMA

Determination of Optimum Bitumen Content .

-Pa
— Gmb

— Gmm

(VMA)

-VFA

.(VMA)

- VMA

— Pa

- 8-3-5



(Montana)

P=1.25 (0.015a +0.03b +0.17 c)

.(10)

.(200) (10)

.(200)

P=0.02a +0.045 b+ 0.18 ¢

Stability Test on Specimen

9-3-5
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