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A Study on the Similitude of Material for Small-Scale Model

Mix Proportion of Concrete Pavement.
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ABSTRACT

The objective of this study is to provide the information on the small-scale model mix proportion
when the behavior of prototype concrete pavement is studied through small-scale model
experiments. However it is difficult to obtain a model material to simulate the prototype concrete
by scaling the individual components according to the laws of similitude.

In this paper, the stress-strain behavior in uniaxial compression is used as a means to correlate
material similitude between the prototype and the model concrete. Based on the results of
experiments, We compared the stress-strain curves of prototype and model concrete mixes using
a nondimensional basis. In order to simulate the stress-strain curves of prototype concrete, it is
important that various mix as of model concrete selected properly which are varied from
aggregate grading, cement-aggregate and sand-aggregate ratio.

Keywords : prototype and model concrete, stress-strain behavior, material similitude.

LAME

NHEZAE A 933 AFH FA44E 4] A T4 JEBAV(]F U
olgt grhel EAE EHo sl RNFI}F 4 =2HAYE FYHe Ao M FL& HYolAT,
oA A2 AF FLAGE wn W AN v EE Y82 §7| Wi 4% W(small-scale

DAY, ARG BES - FFFRY DF, FPVNEATE
e« B4, B ey HAFE
Prax AEUYSE BiehY ALy

103



modeD Y& FL& AF Y9 sho|tkolg
8 S B3 Yoyt he A 4¥e
THE F o] FHAH FHo Ju, FAYE
o I3 A8 AFLE §ol3A AFFe=H
HAEXZAY ATENS AT B A8E AF
g £ Ao wetx] ZYPAPe] o3 E HAa e
o 4¥4YH e AAE Adsn 4= F
718FZx, 8F, ARAH FALE BFEoof #o)
a3y A7 A (size-effect) R AFEH A4
S FHI}e FAE 4T 8] gEn o
A B AYY AF5E 2784 22 o
AFZEA A FSHdE RdAFIt +95
ojof Fr},

¥ 47 AUEZIAZE IAF Y AFITFE
A% 2yPA R FA M Fad Hed A8
] AL FHIEd 2 7o o wEkA
A4 n&x 2o Zade ¥ gdA7EH
U P2 AR AFHE(e)3 4P I A
E)3t A9 HUAFE F43n W/C, C/A,
S/a, BAFFE HUTE T ANFEH()3} ZLEA
ZE)E AAste AagH PJAEYE UFHE B
A E =&doen FaJex g Ay
2PELAY g3 A=Y 2 JIZREE AFEHL
2} g

2. HELDE o AAlY

FadEs 2L HdFdA Are 3 AFd
FFE FE 849 EFAY wWEd FAHEAH
o3 Ao HJEES Fode Aoz Y¥Ia
ZJEE A £ v ZYIIAYEE dE 4
€ #A7 A 53 A9 A7, ANEYA
A7), 2LIZAYE YR FTINAE Fa 5
ofgttt. SaRde) ZAENAN FA9 A7) F
& FEHoz UFY £ oy, AHE JAE
o] £8Heoln g3t W FAAAGE A
S @43 oz By

ay ol Ate FHRIVE, $YH-UPE
& Tt RAZAYE EEFH 54

Aol mE dYTAYE] FEIE, §8-

104

WYL T AW Fax @’ = 9y
AT ES BYPTAIYES FH-HYPL THo ¢
At ARH JAEE gy fEHe 2
AYE HRES 238 E A BEAM Hx
Zet @A FYEIAYUERZN ulojlarzEA
@ E(Micro-Concrete)®} Gypsum$ F2 A}43}
At? agy nlojlazgasE: Yutyoz %
el A 2Y9 Z3Ho] zolAFE ARAE
o FEAEH(f, /)7 AR 2Ll Ad A
o] A AujEEe ZaGUE FT2E nYdsle=
o A7 dqe?

d¥EaYEe RdIAYEY FE 4L
W/C, A/C, A9 AA(AY], 4%, 4= ¥) A
HWEZH, J&359 LHYa(AF, ¥, 43)%
oy Qlzte] &3 RYITAYEE Yg¥EIa
JES FFYFAE(), @A AFE), FPLE
HYE(ew ¥ FARREGHNE dAANPoz
A AR S BEAFE S Qo

3 AY

31 AlBX B

LY ZATE Az ALEE AHEE uwFE 315
BEar 3200em¥gd 1% REXEUS AfEo]
I RLEFAE 2A2H Y49 23RS AHE3
don FA9 ¥y EAL ®1¥ o

21 #X2 2213 54

X3 |¥+4E
£l 24 si z

T FA) size Wz | o) Y
&
. ZAZ| 40mm - Nod | 2.65 2.8 6.88
=
A A4 | 40mm - Nod | 2.69 25 6.99

FHE A No.4 ©]3} 250 2.2 297

RAdEZAHE Ao AHLE AWMEE 0v]F 3.12
BT 6200cmYg?) ZZJANES ALY
ZZZAANEE A2 olfFe HEIZIEIAS A

v—5



B} L Qdztelnz Az v H3HH
'& 71Zbel & A= wEFozA 4973
-% 9& ¥ 4 e FH olgdx 2o da
4 e AdE 49¢ £ U7 "R w9
Ay e AHEE FAE AVFESY Nod-
No.10AM ¢ FA& RYFAHEL FHEZ (G,
No.10HM & ¥FH3te ZAE IFAGSWE AHE
il

32 o g

A4 n&=2e EAHE X WFAA7E
net 24E YYTIAYES APuiges C/A,
S/ag® WFE o YALIEHS ALE A
W/CE 10% F7HA713, 2A5HERAE H7}
@ A2z AFsgen 948 % 2dE
A WEREE F29 bl

B2 MY ¥ SYUEIE HiER

W/C(%) )
TYPE W C S (Sm+Gm) G |C/A| S/a
04 | 1 1.36 371
4 2R g |een| o |ass| 2| ¥
N 04 | 1 1.34 352
A aso|am| e lazp| | B
MR1-1 1.08+2.92 27
MR1-2| 05 | 1 |40|148+283] - | 25| &7
MRI-3 1.88+2.12 47
| MR2-1 0.90+2.40 27
MR2-2| 05 | 1 ]33|120+210| - | 30§ 37
4 | MR2-3 1.60+1.70 47
MR3-1 0.77+2.00 27
o |[MR3-2| 05 | 1 |286{106+1.80| - |35/ 37
* | MR3-3 1.34+1.52 47
MR4-1 0.68+1.82 27
o MR4-2| 05 | 1 |250|093+157 - | 40| 37
MR4-3 1.18+1.32 47
MC1-1 1.08+2.77 28
MCl-2| 05 | 1 |385|1.46+239| - | 26| 38
MC1-3 1.85+2.00 48
MC2-1 0.90+2.33 28
q [MC2-2| 05 | 1 323123200 - |31 38
MC2-3 1.55+1.68 48
4 |MC3-1 0.78+2.00 28
MC3-2| 05 | 1 |278|1.06+172] - | 36| 38
MC3-3 1.33+1.45 48
MC4-1 0.68+1.76 28
MC4-2| 05 | 1 |244|093+151| - | 41] 38
MC4-3 117+1.27 48
Note : * S : Model sand defined by particle size smaller

than #10 seive
Gm : model gravel defined by particle size larger
than #10 seive and smaller than #4 seive
»« o unit-kg/m’

33 ABAME A AlEEY

3.3.1 Al HF =

18 2 EAEAYEY FAAE AfgH W
T 2 AEYEE g 242 3274 2 19274 A
Astg o FAAY AVIE AYTAYEANE
15%30cm, 15X 15X55cm A7 2 A& slQn

EdEAHEE ACI 444004 FHF ¢5X10cm,
4x4x16cme] 272 Az’

332 Ay

AEZE, 4= R AP =S UTM100t)
o2 ZA3AR Foied R UPYEE FA37)
A8 dol7t 60mme ZE#HAANXNE KA R
o dEddeziyH £Y-3yYE JFHE 7
¥ ¢8%8 A3 o 949 RYTAYEY
£3-88E #AE FIAHG

4 A8 X DE
4.1 ¥g 2 Az E(Prototype Concrete)

AR AN E AEE AR AW 2899 A
gd%e €3, I91% 2o E3el Ushe uis
2ol A AW FAAY FEEH L By
A7t Al v AwHez +4agot
YIVRBE/AZEE Ao 10%2 AW,
AUFESANN WYL AAEA vhehaoh
9 AR A4 Topewt 0198 B 0174
2 dutd) 3 YE Fol¥] 015-0208 B H
g wEsa o

105



3 HE23E MY}

21 YEBE | AFBE] WBE |Qgpe/|@dAF| o}
7 kg/em® | (kg/em® | (kg/em®) | HBEZE | (kg/em®) | €
7‘:‘ 314.79 3321 4555 0.106 271439 {0.198
M| 371207 3503 5269 0.094 319989 |0.174

O, fEE23cE SY-HYEE M
42 22 32| E (Model Concrete}

421 A&

AAZTG Moz A FHE 2T AH
799 FAA N APGARE H4Y 192~9
of ek FAA RE niep o] ZAE Y
MRI-2& A9g A AWMA C/A7 #4725
30, 35, 40%% UAdE o S/ael F7ie] wet ¢
2=t aA Jdehso

T S/adz ved dFFEE 449 4¢
28, 38, 48%, A #&e 27%, 371%NA C/A9 F
7bell wet Frtete dg RAd a2y 2R
Zoll A S/azt 47%%) 99 HAMEA MC4-2Y
W C/AS] 719 4R #AE HolA Ed.

422 gHAZUE

AAZe] IJAZFREE C/AZ AR 3¢
S/a®] F7tel wet FrtEH, S/azt 43 E Wl
€ C/A7} S71%el o vtoig iste 3
& Ho AHNEFH daygdo] de AAE uE
Aok a2 A4 e Fs C/Ast S/a dAME

106

AFB= FREY 7 £ Fh & B
A &gkt

423 HUE

YAF S/a d3l BE FF AHAAN C/AY
Halsl 2% 542 dAY /AE Holx &
tth BE AlfoA HARY HAE A /U
on Ao FFAEr AR SXAE IA
a3 =

424 AFUT/AEHUT
dutxog RYFIIYEI
FFgeERY oy
o e #eg®
4o YEG B AP dARE/AEAEE 4
A9 A¢ 6-13%, FAZNME 66-11.0%2
Bl 9wzl ZAYE F£F ojUldth 53] 4
A2l MC4-1, MC2-2 ¢} S/a7l 47%<% A4
AH43 NS AYEtn AvH oz AFRE/Y
7% v &o] Aade AFE BT

olg] g He A|WNEFo] FyHge we 4
FEx F713E wtHd AdAoz AAAE9
Z7tZo] AY%LE ot}

A= 43
VB =/AFFEE 5-13%

425 8y - HEYE oA

2Y2~9% A 48T ndITAYE
$8-9yg g JHolh TYA He vish o
Z2AZE AHEYE AHY Fe duHeog 2dE
AYES @AV 4¥FAYERY & @2
o, C/A7F 40%Y = S/a 37%, 47%<c ¥H
&o] A debdth ol& C/AZL 4AE Wl &7
Ae 2AEALEV d¥Y2IAYEEY dA=
2 A4 FE dHEE Holy AHEZFo]
33 F7hd M E S/ag WA eEH
A g 2 ¥ eg de Wge 285 4
e A& uidd. & FAF C/AdAE S/azt
Fage met ggAFIr daHE 238 A
o

A M Fee $H-UPE AFo C/AW
stol]l wietx YFPITAYEY FY-WFE FH



B2 2H3E FAE YHE Bio 53 F
fek&&ge 40%77 d4¥Tae §-d
Hg& FMI A
o A S/avt 28, 38%<1 H-$-¢ C/A 36%°1A S/a
7t 38%Y o uJelwt z2lm C/A 41%°1A
S/a7t 48%%]
YA e Y-S FAE IS F U

¥4 THEBALE AlHZAD

PdEasEE C/A 31%

AlPHelA fYTAES A9

2y YA JAAZE| 2% | aanw/ @44
(kg/cm®) | (kg/em®) | (kg/em®) | YR E | (kg/emd)
MR1-1] 24747 | 2780 0.112 | 470998
MRI1-2| 24458 | 2980 | 4995 0.122 -
MRI1-3| 33232 | 3490 0.105 | 446808
MR2-1| 26089 | 26.88 0.103 | 260292
MR2-2| 29758 | 2922 | 4667 0.098 -
MR2-3| 304.20 31.85 0.105 514181
MR3-1] 29402 | 2331 0079 | 294355
MR3-2| 32183 | 2841 | 4594 0088 | 364917
MR3-3{ 36332 | 3178 0.088 | 421058
MR4-1] 31542 | 1898 0060 | 292755
MR4-2| 32662 25.99 48.85 0.080 101101
MR4-3| 32826 | 2892 0088 | 112495
MC1-1| 28603 | 3146 0.110 | 429687
MC1-2| 28637 | 2445 536 0085 | 489540
MC1-3| 31197 | 3369 0.108 -
MC2-11 30561 | 28.96 0095 | 254743
MC2-2| 31822 | 2824 525 0089 | 270345
MC2-3} 34472 | 2548 0074 | 367104
MC3-1{ 339.24 2573 0.076 -
MC3-2] 34955 | 2825 | 5323 0081 | 327619
MC3-3| 35083 | 2586 0074 | 132212
MC4-1{ 34514 | 28.19 0082 | 105468
MC4-2| 34717 | 2592 | 5141 0.075 -
MC4-3] 37452 | 2481 0.066 | 339965

a2 rY2aclE SY-HYE IMI

@3 RE23E SH-HYE JMI

4 ZUEARE SH-HEE JMNM

285 SWEIAE SYU-HYE IMV

OE6 2YUEIRE BY-HYE MYV

107



OB7 RS 32E SH-HYF IV

088 RYEI2E SH-HWHE JM

g9 2HE3RE SY-HYE Juw

5 ¥E

2 97 9yeadest Asd HAE 0E
s myzazes Nge Tl A Ao
e ge A =2

. A& A8E RdEadES $H-AUFSE

FHo] AALE AEE FPRTh ARHoz
Ayeazest FAsA QXA

108

2. HutE &Y 0%TENA Y4¥LIYES
$£9-A3 &3 A BIAETIAYEE
C/A 31%°1 A S/a7} 28%, 38%<1 %2 C/A
36%°0 A S/a7t 38% 2 A& AMEF wl el
A YeEiso.

3 HU4Z 87 d¥2aYES Y-UEL

FA3 Ao YAFE EAdEZIAAEE HAL
AbgEa1, C/A 41%°1 A S/azl 48%% wige
2 ey

4. BAYE, ANEDY FAH, S48 49 S/a

g 45 zPgozN 9Y2aEy ¢
-dge ¥R F YNsE mYEaIE
e 7¥ + .

Huzd

1. Sabnis, G, M., Harris, H. G., Structural Mode

ling an Experimental Techniques, Prentice-H
all, 1983, p.p.106~107, 133~134.

2. ACI Ad Hoc Committee on Structural Model

s, Models for Concrete Structures, ACI spec
ial Publication No.24, Detroit, Michigan, 1970

3. White, R.N., Modeling Technigues for Reinfo

rced Concrete Structure, Report No.326, Dept
.of structural Engineering, Cornell University
, 1976

4 A%, AAF, F4F,[A2E2YE P2 AT

g A% 3 722% A4¥71%. aYEY
3 =#3, 39, 4%, 1991, p.p.133~142.

5. ACI Committee 444, State-of-the-Art Report:

Models of Reinforced Concrete Members, A
merican Concrete Institute, Detroit, Michigan
, 1997,

6. M. Reza Sarami., Analytical Expression for

uniaxial Tensile Strength of Concrete in ter
ms of Uniaxial Compressive Strength, Trans
portation Research Record 1335.



M7 3" 1 - 38”9

[ River Graved {CFA - 35%)

RS YR I2E F-HYyg U

400 10 ”
p R P
350 i 8 as|
300-1 K “
; s oa
250 s a b
.g j & e 0 -3
8 H v e aim - 3T%
5 150 4 3 %4F oa-4T%
3 ! R VO Gravel 8 .
° 100 - o Prototype
- Y R (RN Crushed Stone E 02 f
s s0 | 5
0 z oo}
he% " so 1000 1800 2000 2500 3000 3500 4000 ° 7505 3000 7556 4000
Strain (10%) Strain(10%)
g dyg232E 8Y-HYE FM 84 2 23RE SH-HEFE FHN
[Foamea @ %7 |
k-] 1.0 b 10 L
3 2
“n [[ER% ol o8|
"
-
- os | @ (X33
2 ? i -27% .
T
'?- < oal i E :!?E“ L
E ammmfpiotatype =
13 [E33 E [ERS
z 5
ool Z  gol
g 065 To56 3060 700 G 7665 7065 555 W00
Strain(10%) Strain(10%)
g2 2yS32E SH-HEYE I 85 RYUE3E SHHEHE MV
Rivar Graval (G/A - 30%) I
1.0 10|
2 £
s 08| @ [X 23
w "
§ o6 3 o8|
@ -
H T oa | b4 ?u L
s 3 g =
2 02| 02}
z 0o} z LIRS
[ 7560 F 3006 4000 + 855 7560 3065 7000
Strain(10°%) strain(10%)

OE6 2UTIARE BY-HYFE JAMYV

109




Normalized stress ratio
e )
1.4
»

Strain(10%)

g7 Y 3E SH-HEHE J4V

Normaiized strass ratio
(o)
o
b

Strain(10%)

88 2Y2I2E SY-HERE JUNW

o e
2
w s}
-
E [ Y18
-
‘.5 ?.,4 Y 2 wle - 20%
53 —eee wa-48%
: ezl —— Protosype
H
z ool A_J
+ 6 T e <00
Strain(10%)

a%9. 2FE32E SY-HYE MW

110



