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Mechanical Performance of Fiber Reinforced Lean Concrete for Subbase of
Newly Developed Multi-Functional Composite Pavement System
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ABSTRACT
PURPOSES : This study is to investigate the mechanical performance of the fiber reinforced lean concrete with respect to different types of
fibers.

METHODS : Increased vehicle weight and other causes from the exposed conditions have accelerated the deteriorations of road pavement. A
new multi-functional composite pavement system is being developed recently in order to extend service life and upgrade the pavement. A
variety of tests were conducted before and after hardening of the concrete.

RESULTS : From the test results, it was found that the use of different types of fibers did not affect the compressive strength development.
This might be due to the inherent property of the lean concrete. When steel fibers were used relatively greater flexural strength and flexural
fracture toughness were developed. Also addition of fly ash by replacing a part of Portland cement the fracture toughness was slightly
increased.

CONCLUSIONS : It has been known that the addition of fibers and use of mineral admixture can be positively considered in the
development of multi-functional composite pavement system as its required mechanical performance is obtained.
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Table 1. Physical Properties of Used Cement
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Table 3. Physical Properties of Used Coarse and
Fine Aggregate

Absorption| Fineness
Aggregate|  Gmax S.G. (%F)) Modulus
Coarse 25mm 2.70 0.56 6.45
Fine 2.54 115 2.54
2.3. E2}0JojA
AHE A ] EetolofAl= AetE AdR=E ARESH

Table 4. Chemical Compositions and Physical
Properties of Used Fly Ash

Chemical Compositions (%) Physical Pro.

. Blaine
SiO, | Fe,03 | AlL,O M Na,O | K0

2 | Fe03 | Al O3z| Cal | MgO | Nax0 K0 |S.G. i)

52.50| 8.07 |26.30| 4.82 | 1.30 | 0.80 |3.88|2.20| 3944

24, HZMS
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Table 5. Properties of Used Fibers in Experiments

Blaine |stability|Setting time (min)| ~ Comp. Str. (MPa)

SG. :
(em/g)| (%) | Initial | Final |3days|7days |28days

3.15 | 3,400 | 0.1 230 410 | 23 31 40

Table 2. Chemical Compositions of Used Cement
(weight %)
Si0, | Fe;03 | CaO | MgO | SOz | AlO3 |Ig-loss

21.95 | 281 | 6012 | 3.32 2.11 6.59 2.58

) Tensile|Meltin .
(MPa)| ()
ST 7.86 | 200 |1,200| - 35 |0.54 |Hooked
N1 30 | 0.52 |Waved
NY | N2 40 |0.52 |Straight
macro| N3 | 1.16 - 500 | 210 | 40 |0.43 |Waved
N4 40 |0.52 |Waved
NYmicro 1.2 |25um -
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Table 6. Mix Proportions Used for Experiments
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Table 7. Optimum Compactions for Specimen Fabrication

Gmax |Specimen size Compactions
Cylinder (Mashall compaction 15EA+Vibration
$10X20cm table 30sec) /layer for 3 layers
25mm
Flexural beam| (Steel rammer 40EA+Vibration
10X10X40cm | table 30sec) /layer for 2 layers
Cylinder (Rubber hammer 15EA+vibration
$15X30cm table 30sec) /layer for 3 layers
40mm

(Steel rammer 40EA+Vibration
table 40sec) /layer for 2 layers

Flexural beam
15X15X55¢cm

Fiber volume fraction, Vi, (%) Unit content (kg/m?)
Specimen W/C | S/a NY
ST — w C FA. CA. | F/A
micro N1 N2 N3 N4
Plain - - - - - - 119.3 150.0 831.2 1325.3 -
S 0.1 0.1 - - - - 119.3 150.0 831.2 1325.3 -
SIF10 0.1 0.1 - - - - 119.3 135.0 829.1 1321.9 15
SIF30 0.1 0.1 - - - - 119.3 105.0 824.9 1315.3 45
N1l - 0.1 0.1 - - - 119.3 150.0 831.2 1325.3 -
N2I 0.795 | 40 - 0.1 - 0.1 - - 119.3 150.0 831.2 1325.3 -
N3l - 0.1 - - 0.1 - 119.3 150.0 831.2 1325.3 -
N4l - 0.1 - - - 0.1 119.3 150.0 831.2 1325.3 -
N4IF10 - 0.1 - - - 0.1 119.3 135.0 829.1 1321.9 15
N4IF30 - 0.1 - - - 0.1 119.3 105.0 824.9 1315.3 45
N4IF40 - 0.1 - - - 0.1 119.3 90.0 822.9 1312.0 60
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Fig. 1 Fracture Toughness Test Setup
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Fig. 3 Measured Air Content

AR 2312 91§ 28] astel Eetolof] A
stoll w2 welg A Ae] F7He ABo] o 307
w7k HA9) Ao AR ol ZetolojA X3k
Sl ol

£

ol Ywsh F71% A AT
A AW FAE I3 cho] BREAAN o
9182 Aol 43191 A0 HaH

2500

2400 o

Unit Volume Weight (kg/cr)

Plain Sl SIF10 SIF30 N1l N2I N3I N4l N4IF10 N4IF30 N4IF40

Fig. 4 Measured Unit Volume Weight

SHT RS TGS 1 e 21350 2L R
1

7‘40} 7§—°r(0 43mm)°ﬂ NS RALR] S S e iR
u, L Aol 24 kgt 3 YA o] YU Em
RARE AT A7t 247 FH ARE AREE
ARG g £ YSAEE U et v
2 2 Aol AR ¢h A o' FAESIT Sto|ofA]
£ AeRE A9 1 Agheo] 1029 wole Ao 7
off /gtglo] x|gkslA| ok 79} vlawste] o] 7t
a7b 24 gkoket. 8t l ks XHEﬂ 28Ul Al 2|30
30%%1 750l 7PE7} g AME Al 9F 26.5%, U
gguﬂaiﬂ - AHg- Al oF 25% = ZFaseict. 40%
= ek A = gads YEgth &

Z2t gkl ofsto] o]
AojAs 7JE 1 Yjtdo] kst 3 UhA el
i—iﬂEﬂW %E}OlOHMPJ A eFS 30% A== Al
S, & Aol A AEEtAtshs 715
Az A= FetolofAl 2|2H&o] 30%E d Al Wotof
A0z J*EP%E} a2 ﬁLOM Eﬂlﬁ}b HHfsL

Compressive Strength (MPa)

Plain Si SIF10 SIF30 N1l N2I N3l N4l N4IF10 N4IF30 N4IF40

Fig. 5 Comparison of Measured Compressive Strength

= 2sts =28 - M43 XM5s 25



4% A0l 1095 234 0] FEE 7
o] ABHee FAsH ol Bastch

%
97} GARNARNGE AT B9l vltol tha
O QYRS ek Rlont 1 ol 24 g A

o rehge}, skl 2A%0] ohd UAY ARu=
B ALET Ao ARETt SetolofA] g
%#%Hl;

Aowzy E
29 Wyl ARG APsA UL Ao B
He). BeololAE ABE A3 4D =
YA e A9oh FUT 0] HEE bl
SHAIEE 30921 9ol A 28 A oF 19% o4+
W QAR ES ek om X 3kgo] 40%9) Aol
oF 35% o|A} Zh4x3hir.

saLr_ﬁ
oh

mpebd QI E AWEAT AR SRl whe A%
FEol Mgl ixl kot yURua R R H$-
ol AAB Hfre A=Y Aske zdshe

SR ZAHA Ofﬂl ZtoloAE EUT AF AekE

et el

o] 30%°1d<l -l ?J%WJEﬂ iy
pe

a)
o o o
& p S
1 1 i

Tensile Strength (MP

=3
o
1

0.0

Plain Sl SIF10 SIF30 N1l N2| N3l N4l N4IF10 N4IF30 N4IF40

Fig. 6 Comparison of Measured Tensile Strength

°H
48 A0 A3 e e AoR wAE
E3 497 A 497
uujstgie, EeololAlE Agke

20 71848 Bt vlEsto] gashsint,

oS o 21 Agheo] 10%Y W= A 28°‘°1W
272l o)zt ALl glAAINE 30% ©14<l - ZA
© AL R e,

Hl 7days
[_128days

Flexural Strength (MPa)

Plain Sl SIF10 SIF30 N1l N2I N3l N4l N4IF10 N4IF30 N4IF40

Fig. 7 Comparison of Measured Flexural Strength

26 Infernational Journal of Highway Engineering - Vol.14 No.5



I
N
nior
re

R
jaod {m
d =

k

N
-

e X

o rr X
Ho

BN

o, A

i)
[>

|
=
b
!
it

£ 1o o my

r:l.lnEEOINmﬁmrznﬂnm&—gozmzéw.%ﬁﬁ\iom
H‘UFO ﬁ
=h Z o\

At AT 57 o

sHe Aol fo@ Aow

bl o

R

Rl ox
b 2

<
Ir
N
3 4

Pt
o

o
2
=

0x

% g

o
ftlo

=2
20 0 X
=)

B rl_ol,

i",

po)

ol
ki
>
oot

&
o
AA

i

o

m @
A
rlo

= 8o
jad
do

i)
i
)
1o

¢

o i S o
)

12
i

w5
=
-

Jo
1o
ol
ox

o 32 B

s

ox %2 o

e
o
=2

=
N
R
o rlr
ol
L
rr

L

gy
ol
o,
kI
B

B

o i

ro
ox,

2
32
A

o3
1
Lo

|z
YR
B}

ox
lo

s

o
Jo

th9] Fig. 82 LVDTE &%
sto] T3 FukH 1 A
o} FAG A= F

s3]0 1] ] 2}o] Abeju]aLo]

(o)

1o
o[N
)

~ e
{ O_>|“1_4
j'|O—{‘ —llN' U\l

<y

< 2
L =
£ 2
% it
o
i ‘rﬁ
ul
T
o
>
42

paty
|o

Hu

N
o
tlo

E5
)
&

_,d
2
ne
2
)

o
jﬂ
i)

it

N
N
B
s
o r
Jo
il
>

o

ne
2
miE N
5 =
— 4)
=

al

tu

ox O
jm ﬂO mm
o

4 ox T

o o
it 4>

= o
=
& o E o 302
>

S

M o T Ix
o

Eha

o ox
pEEst
~ 1o
G oo o |o

W rlor

d
)

o] A 50| Hasteie #7

i=

® Aol vlsfe] tha v
Few Qlstel Pt
o $HHO R YL
ZEE-CEREES

9 2

3] ofat elge

Toughness Index

Plain

Sl

K
SIF10  SIF30

L

N1l

N2I

N3I

o L
N4l N4IF10 N4IF30 N4IF40

Fig. 8 Measured Flexural Fracture Toughness

e IRRE L EE RN

Zo]7} 30mmE ZFL A7} 40mm

shajolg o] FThE verfgleh, Bwet ol

=
O A5 S
945 4

W7 ARATOIA A58 Lolrh HolAls He 7
ZF 7w ot oA LT} uln|gk o a2 kA vl Q)
Ak BoTIA e Fefol B8 BEAQ Ao B
S5l o= 4re) Hol7t gobael weh gl =

5
3

Ir x2

TE= A M7t Skt Aol 7%k Aew
Aterdd, 22 H59 £9E(volume fraction)o]
0.1%°122 @9 &A(Im)d 23 A9 e
Zo]7}F 30mm¢<l - oF 15, 797Ho|H, 40mm¢l 7%
oF 11.8RH = A oF 45k A=9] 2po]7} e, whzhA]
Ao AFEE 10x10x10em AP A ol= Zol7t
30mm¢! 737} oF 16070 A= AF7F © S0ttt
oo} Zro] F7HAl M MY S7F B A9
el FelstA 283t Aoz wohEn), shARk AR
of FAE WjEYA Atojo|= RAFHo|| Hojsh= &
2H0)(effective bond length)7} EAstE= A
o 74> FHE fIsto] Zol7t BwestA e 4¢-

Q5|2 Faxsto] fIAd A9 Fdiol &

=
S gint.

o lo
I

olo
_]N JE

o b
By

ol

=)

)
ol

>

to Mo o
So

ox o

o

Jo

1o

2 o
o

o

b

(o

2
lo
fru
el
S
=
v
e
rhiu
=)
u
i
o
lO ﬂilﬂl T
NS
= op

2o

HH

2
o o

=)

]
qu o
2 ox
rr 1o

o
=3
e
)
oftt
o
E
)
X
o

o >
HN
1o
N
[t
rrnst

ox Jo mx o o

i
oo
of
ol
rir
Ul
el
¢
i o

f
=

gl

fllo Ot o
jad
4
=
S
o
olN
=
H1

o
ol
k1

=2

719 wAA] FeHARE
A [¢)

Aoz BAET A
ol A19] Bl #140] Zrfef
3eFol 30% w B FabHolgict

2,
o oo
o

Ho
1o
i

o

H
K

ol
o
2
o XN O o o o 10 o Jo M

o z&

B2 oo rr e wu
Mol do of m
NG

it

Em

ol 2 3@ fi & HT N ot b O ox
-+
H
uE
g
I
lo
Fo
éé
i
K
n)
j&
2
e
)
o
2
>
1o
R

o
iy
Ho
=

4.8. AZ+= HO[HE}
Fig. 99} Fig. 102 Az dolRlst S42E

e gk ek o R 49E
[e]

ol Aol 442 BUSHA g A9 Hl3to]
i e o wuEy GARMAZHAY B9
7 faT th Hot 1 Aol 2K e HOR B
He|gle, B4 BefolojAg EYOR QI ARSE
o) Zpolt B4 AT etshrloli ofeheol Gt 2
o WEEln A%g% dowst ZRuAe] SAA
9lok 2o 07 WAT Fs Aol ABE FF F71
ol Ao] sttty olelst 252 Tshy] Slate] 2t
N@A] AGEAI N FH o] Lolwake 24t

rok
Hl
H-|
Hu
o
ot
i
Ho
i}
=
N
i
>
[l
foi
N
N



e BEES 4oor T o BuE A oo Wav AV e gk Ueieleh, 44
23 A
[¢) o

250 o

200 o

i ol AA ¥ AL
150 S ?;‘.;3;‘0:3{0."0?’0 ) . . P o
. 100 X]-‘%] Q‘%%UHELE/E} = }\]‘O_ql- 'T‘oﬂ‘i__ ?_%1—701-
gt 7k EefoloA] ABHSE A 9tae by R
:%: 04 <4 i . —a— S|-1 _9_ O“
£ ] s & e U
e Siraot 5. ZefolofAlE AT A9 10%7H4 = AE 289 S
—o— SIF30-2 _ _ _
—*—i %, 9, =T FE ol 30% o1
e 5 0 5 10 15 20 2 30 35 40 vcr)_ 7131—_/]\_;‘3_0 ﬂE:‘?:T__l' Eﬂ—:l— _/’\_%_(_)_E ]4‘]:4-1/]‘ i]‘ﬂ:%oﬂ
Time(days)
g F7he Q) o] Wad Ao weE,
Fig. 9 Measured Drying Shrinkage Results—1 _ o _
6. BNl FAHe FAURE BUT o 7Py B
el Aor EAESGIon 53] ZTtolofrE £Y
200 o - - -
o A4S ZHRW} H S FRG AR et
150 o
T UL azdme] Aol dAEel B9t A
—=— N2I-1 —
g« Nt o X80l 0.43mmE 2L S Poky Aol Z7t
g 1] O i 7F glde ol= A A5 daz g F4H| 9
g N4l . . _ _
5 "] e a0 F7H Az Fo] WA o] Bl AT o7
100 4 —<>— N4IF10-2 N N -
e Q2] Z7b) JFL vlAA Roh Ao B
N4IF40-1
200 +N4IF40-2 91‘:}
5 l; flx 1 I0 1'5 2'0 2'5 3'0 3'5 40 N
i otdss® 8. Hagnazygel A2 BAT A9 Hae 2
Fig. 10 Measured Drying Shrinkage Results—2 o7} 30mm=E Z-& L7 40mmel #-$of u|5}o]
o4 Huegel FiE ekl ol 46
of Zo|7} ok ol utet wfstel] ZeEIE A6 A
_—— G2k 3745 el 71208k o2 AR ET,

Ao 2R dEYs Ajololis Ao B
B aTolAE ARz g 2aas Asgry O oro eEE rolels A w

o
2g-2j0] ©.5]%] Zraste] Pl

A%l ool gelshA A8 4 ke AoE B
LG4 AL Befolohd AuFel 30%7H) S g
TS Ssale, S Aol 4059 BRE 1 o0 gooe spuglel Eetoloje TG B
) ) vlg Ewtaolglet, SHEE FEEe &
2. 748 e Yl 2 a24RE ddEutel a2+ AE Teste] ZafolofA| o] Heke ¢ AUt
oG AHET A9 MR ALY, B SN MES  aespmas Ao Anud
2742 Aol 27 it
3. BEE e AR A v ARt Aol B ol |t Bitzaol s|ZAas 346}
ow, ddEazd el A9 4f Aok dE e yeugugEaEe] 258 245
el e ela el AAF AS BAR D o apra 2 el AEARS WA 37 A
£SHAR el Agel Aok el B gx avg Fojol A4 MRS FF U BRAES
F7h] T ARE A8 2L FANAS A 5ol A4S nefstol Balol] Rests 29| w3
4 VYT BYE ETe Bo] 4R BYSF & EEY Bavh 9L RO e,

28  Infernational Journal of Highway Engineering - Vol.14 No.5



=22 BIEUMISATH J|B DRAI(01-
=

References

Park, Jongsub, 2009. Development of Fiber Reinforced Concrete for
Pavements, Research Report 2009-096, KOREA INSTITUTE
OF CONSTRUCTION TECHNOLOGY.

Sin, Nare, Park, Cheolwoo, Kim, Giheon, 2011. Strength
Development of Roller Compacted Concrete with Respect to
Compaction Levels, Proc. of Korea Concrete Institute, Vol.13,
No.2, pp.61~62.

Yeo, Hyun Dong. Jeong, Sung Won. Kim, Gwang Duk. Kwon, Soo
Ahn. Jeong, Jin Hoon.(2010) “Evaluation of Early Stage
Performance of Geogrid-reinforced Asphalt Overlay Pavements”,
Proc. of Korean Society of Road Engineers, pp.395~400.

Jang, Youngjae, Park, Cheolwoo, Park, Younghwan, Jung, Wootai,
Choi, Sungyong, Sin, Nare, 2011, Fracture Toughness
Comparison of Fiber Reinforced Lean Concrete Incorporating
Fly Ash or Reject Ash, Proc. of Korea Concrete Institute,
Vol.23,No.2, pp.145~146.

Choi, Woohyun, Park, Cheolwoo, Park, Jongsub, Jung, Wootai,
Jang, Youngjae, 2011, Strength Development of Fiber
Reinforced Lean Concrete for road base with respect to fiber
types, Proc. of Korea Concrete Institute, Vol.23, No.1, pp.385
~386.

Choi, Woohyun, Park, Cheolwoo, Park, Jongsub, Jung, Wootai,
Jang, Youngjae, 2011, Strength Development of Fiber
Reinforced Lean Concrete for Subbase Material, Proc. of
Korean Society of Road Engineers, pp.153~158.

KOREA EXPRESSWAY CORPORATION, 2009, Highway

CONSITUCEION Provisions.

(A2 :2012,3.20 / AAFY 1 2012, 3,22 / MAI2tZ Q! 1 2012, 6. 20)

2255 =2% - M43 XM55 29

o



