Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)
Vol. 36, No. 6: 1117-1123/ December, 2016 ISSN 2287-934X (Online)
DOL: https://doi.org/10.12652 /Ksce.2016.36.6.1117 www.kscejournal.or.kr

Highway Engineering

Z3S SNABTR|S0| [T} AT AL 2

ok | A =S¥k A O ¥kk
HAS* - SAE™ - 052

ot

=

°|'J

Chung, Gun Woo*, Song, Si Hoon**, Lee, Seung Woo***

Analysis of Relationship Between Compressive Strength and
Compaction Ratio of Roller-Compacted Concrete Pavement

ABSTRACT

Roller-Compacted Concrete Pavement (RCCP) is a type of pavement that shares conventional concrete pavement material
characteristics and asphalt pavement construction characteristics. Even though RCCP is compacted in the same way and have similar
aggregate gradation to asphalt pavements, its materials and structural performance properties are similar to those of conventional
concrete pavement. With cement hydration and aggregate interlock, Roller-Compacted Concrete or RCC can provide strength
properties equal to those of conventional concrete with low cement content. Therefore, compaction ratio of RCC can highly influence
on its strength. In general, 95% of compaction ratio is required for proper strength development. RCC strength can be highly influenced
by compaction energy which depends on compaction equipment and compaction method. Therefore, it is necessary to analyze the
relationship between compressive strength and compaction ratio of RCC. RCCP specimens were produced at different compaction
ratio by using different compaction methods and energies. The compaction ratio was defined by the ratio of the specimen's dry density
and its maximum dry density. The maximum dry density was obtained from Modified Proctor test. 28 days compressive strength
corresponding to each compaction ratio case was tested. Finally, the relationship between compressive strength and compaction ratio
can be analyzed. For application of roller-compacted concrete in domestic construction site, the relationship is important for field
compaction management.
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RCCP (Roller Compacted Comcrete Pavement)3'H-2 ¥
Hgt FIB XG0 2 ARIE ofet ekt tiE] S
RS 53 U FA) 2= gvke ol 53k 722 s
13t 4= gltiDale Harrington, 2010). =3} Fig. 13} 2]
RCCP= Ui A B¢l §342 18) Uiy 3=o] Has} =i
ke o] gk 712314 Alg gl dAdo] Fi= o], RCCP
U= Rel] ot 30 ke WRjekal AR EH ke
WARE AA e A PEE FGE T F Ari(Lee,
Seung Woo, 2011). RCCP3*H& Aeshel ofFE Alg |5
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FAR|E FA9 AR AR AR, TS ARPER) 27
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=¢]9] RCCPE 218 AHe] 49~ ml=oA] RCCP (Roller
Compacted Concrete Pavement)3H-S 198435 E] =915}]
283} o] glom ASEI Ao} @A) Aol
RCCPe] A}g30] Z7Fekar Slrki Bl v} glek 198413
1990714] oF 3004712] RCCPEY ARFo] o|Fo] Flow, 4T
7 15-20amisle] B8] 57V, A B2, FAFY, $AT,
TR T2 o]27] 71A] veket Fadlla AlFo] FRYEaL
9Jtk(Paul, 1990). T3k 1984W33E] 19901d742]] RCCPAJZ
Z2AE AE A RCCPFHL ok~Be ¥4 KT} 30%<)]
H-887E 892 #0159, RCCPEFHL 7|&e] dut A[dE
FITE ZART} 20~-30%2] H|E- F3F 5395 RIEIITE 71l
224 A3} RCCPEHS 243 71 19em, 23630yd’e] 27
SV MBI yd' BAR] 147187} 28 HT, 2o AR
Al ek AME Z38|E ZAE yd' g FAM] 21.78$7)
ZH|E]o] RCCPEHE T 31 vl 33%<] SARAEAE
UeERpigitka ®a1E bl QJuk(Ft. Benning, 1990). o]2}3k RCCP
o] ARE A0 975 Ao R Q] W AlRAES] THts
17 glek 1990 SHREE] 20003T) o] 27] 71A] vl
AHE 9 ZIPE MY ZAE’ R AIRFE] {7} el
QISH ok E Yrle] Fo R A8 Qv okEE S
o185t A0 R 2 AP WE AlEH] E fARSGH] ke
2 71 ARAEE 28 RCCPE o] A3, oldf FFARE
B3} WZAARR A RCCPFEY ARg3o] Z7)skdtt
(Zollinger et al., 2013).
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Fig. 1. Interaction between Internal Aggregates by Roller Compaction
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] £ s RCCPERHS Ul 283F7] $fel tiedet
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(a) RCCP Gradation Band (Song et al., 2015)

(b) Modified Compaction Test (ASTM D1157)
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Fre TAE ARE Al E Y 25mm Fe SAE AN
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16~19mm 2 A8l AT Wayne S. Adaska, 2006). —12]
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Fig. 2. Quality Evaluation of RCC
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Table 1. Mixture Proportions of RCC in This Study

19 25
Test s/a c\:::;a;e;t Water | Cement| Sand Gmm Gmm
D/ k k k max max
(%) %) kg) | (kg) | (kg) (ke) (ke)
1I9mm| 58 6.06 151 280 | 1282 864 0
25mm| 58 6.06 130 280 | 1265 0 871

For Determining Consistency and Density of Roller-Compacted
Concrete Using a Vibeating Table’ (ASTM C1170)& 53J
Z7g Vebe time (30~752)H915 T8lo] AleAd B AR
& 2RI(c)sl] Table 13} 2] RCCP HiFPEAIS S=a¥ste] Al
WIS ARSI

2.2.2 RCCP2Q| CIEI=0 M2 U=ZE Al FEH
Qukz] o 2 PCAYA] AAJBKL g1 RCCPY] 28U =%

< 18 eluA el wt A7 IREHR7E o83 Y=
AE ARSI Fig. 3& US4 Al Aol whe oiafg
o thsf vieRd 2o =, A adellx= RCCPe] &4 gHailol
ofgh e s Sl 9ok 19mm FHE SAE ARt
AAES SFalslgl o, (a) “Standard Practice for Molding
Roller-Compacted Concrete in Cylinder Molds Using a Vibrating
Hammer’ (ASTM C1435-99y 8] oJf k=73 Apas Al
slo] AxITE 2 YSEEE RIS & A7 RIETR7]
£ o]&% YT AlEE AR 9 35 oS sk, 7+
=5 A Ee] 2025 YR ¢kolof SHASTM C1435-99).
NAAF-E ] Sl FH2 FA) g0l Sol8 H 25mm
7S TAE AREEIoH, A7IREHRVIE ol 8% YSAE
S ARt AT B 4SEEE s, (b)
‘Method of obtaining and drilled cores and sawed beams of
concrete’ (KS F 2422)2 §3}o] 510] A A3t 5 AJ3e]
AxHNTEF B U535 RIS Table 22 Hilti (171X
SHR7D] Al B 7 38 oAkl e tRARE BeleS
el Aoz, vl A et teet vielA] B oiaRE
ZAd) whe tRlee] wistel] whet Blusly] $ls skt

Table 3. Compaction Method for Each Section of RCCP

J
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Table 2. Compaction Time for Each Layer of Cylinder Specimen
According to ASTM C1435 and Compaction Effort of Each

Study Case
. . h layer’ .
Compaction | Single Impact ](Slijnpzzzzz Compaction
0,
Method Energy (J) Time (s) Effort (%)
Vibrating
Hammer
(ASTM 19 10/17/10 100, 80, 60, 40, 20
C1435-99)

(a) Vibrating Hammer Test

(ASTM C1435-99) (b) Coring (KS F 2422)

Fig. 3. Compressive Strength’s Specimens Production

(c) Compaction

(d) Curing

Fig. 4. Trial Construction Process of RCCP

. . Compaction
Testing Location -
Tandem Roller (XS122) Tire Roller (RT200) Tandem Roller (CC421)
A-1 1 pass no vibrate + 3 passes vibrate 4 passes no vibrate 4 passes no vibrate
A2 1 pass no vibrate + 3 passes vibrate 4 passes no vibrate 4 passes no vibrate
B-1 Finisher temper compaction (TCD 2013 L06) (RPM medium speed)
B-2 Finisher temper compaction (TCD 2013 L06) (RPM lowest speed)
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A, B 7902 rglom, ATE vibrating Tandem roller
(XS122)-Tire roller (RT200)-Tandem roller (CC421)s=0 2 &
eI Folom, B suspgule) 2] 150wt g
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7 217 i Asfsisdon], Axveiee 24 289 95
S8 239tk Table 3 APAF) 2 T chdge
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785 YA "HE o)83 E tiS Fsklch
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Z12Ye] Aikg atete] Jepidt tRluAZE S5t ulket
tRx 9 Al S7Rhe 2k Bklsielar, SciaRel <Jsk
HrzgelEake Tk 19mm & 24 o v 2310.65kg/m’,
391 25mm F ZAY w) 2248 2kg/m’ S BLISICE THIE
+ Eq. ()7 o] SAHTRIARS Hulrzws) g3 e 7t
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o] THIE 100%2] U574 w2 7t A3 54w vj=
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Fig. 5. Dry density’s Measurement Process of RCC Specimens
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Table 4. Compaction Ratio and Compressive Strength Ratio of Various Cases of RCC Produced at Different Compaction Effort

Compaction Method Dry Density (kg/m’) Compaction Ratio (%) Comflij;j‘z’;j;;“gth Compi:;sii:e(: O/Sot)rength
2310 100 36 100
2227 % 35 -
Vibrating Hammer 2207 95 33 I~
(19mm) 2174 o4 7 o4
2184 95 - ©
2142 23 % =
Vibra(tizr;%nl;lna;nmer 38 100 “ .
A-1 2159 9% 30 100
A2 2145 95 29 o7
Field Coring (25mm)
B-1 1989 88 5
B-2 1983 88 4 A
w7 98 s} 9% ] A L Bes. RIS e slow DRt 3, TRIE 95-100% 7204
(1) and ()5} o] FRA}sick = RCCPS] 72 whloll 9l0] 289 ths s ez
T, TR 100%0] el whel sk S7rshst
THI=C%): ojv] SR A=g gk Ao 2 ekt 3 TR 95%

AR AN TS

(kg/m?)
FAGAANE AR A2 F 3 (kg/m®)

X100 (1)

7] (%):
R = M E 7 (Mpa)
h ™= = b (e}

A= 100%9] Tt =A% (Mpa) - -V @

W7 (

3.2 RCCPQ| CIEIT (| = §UFZ

RCCP 3*H9] th=s} k== )\]'-‘4'-14-75” B8 o5 Tl
UAle) mke o R vasleink 59 tRlEolM el 3=
7} QAE] wjFol] AF=A7) Tl Aolsk tRHPE S ALS-

sejeke thiwe] me Zwrle] vshe wlal 248 4 Joith
RCCPe] Tl whe 4] 2 97 122 Fig. 63 2ol

ZAsE & 4 2UAek RCCP 31 9] Tl =e] whe 54w
AR 2489 TR 88~95% T TR e A
9] Z7keo] FAF FREe A tgo] =3k AdeollA the]
08k e 2 ek S JeRlle Rtoln, EA] sk
Fo) wWE SA) W] F50] SR dSA=RP S4
A STk 2hs ER1E < Stk TRI= 95~100% 7%+ TRl
Lo whE AweH]e] S7Rgo] 2k RO M, THRIES] STt
w2} AEHle] S7REe] v AL RIS ol tRl=
88-95% TRIe] 2A] U] o5 5 e 3590 W] whzell
73wnle] Z7Hge] F4gH vlEl, tRIE 94-100% 77k tHRl=

100%] =98 5= Q= FA U] $550] Homs IR

R
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o] whE Aren|e] xlolE ERIg 4= glom, o] RCCPE]
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Fig. 6. Correlation between Compressive Strength Ratio and

Compaction Ratio of RCC



Y= —0.77262> +152.11z — 7385.2(88 < z < 100)
(Y=4F258 (%), =T = (%))

)
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r

E ¢JF-oA1E= RCCP (Roller Compacted Comcrete Pavement)
9] o] wE Ewe] HelE Bl $J8) =4 A5,
tRleuiR]el] whE v B okl whE vheksk Z2xielA
Hlal A4S AARBRen F8 FdEL v Zrh
(1) ¥ AFelxd= vekst tileu=]el] e vgy] 2 o
Ho 2 RCCPY tiR=s} Awn]e] JAdAIE E481910mM,
Y H=dME 3517 9] wized] ARg=A] x5t
tEA Adolgh RS AR8SEIRkE RCCPE| TR =
2 YSAEe] WskE vud 5 Sk
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R3IS u) SR ASHEE F3RE 5 JE 2 2=
gt 4 9JS Aow FekEh
by RCCPEHE =] Sl 2-83te] ¥4 #e] sh=r
o] THRIE 95%0)d rsfof atn, S-g tRluAE
S = e o RS Agee o, sk 49
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