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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 proportions of model concrete selected properly which are varied from aggregate grading,
cement-aggregate and sand-aggregate ratio.

Keywords : Material similitude, Prototype and model concrete, Stress-strain behavior.
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Table 1 Physical properties of aggregate

- = ; A | EFE
- b A A7) W= (%) ZHE
727t 40mm - Nod | 265 2.8 6.88
ERs
]
4 | 0mm - Nod | 269 25 6.99
232 7| No4 o]&} 250 22 2.97
Table 3 Comparison of materials between
prototype and model concretes
+ u 4y #agE 2y FIeE
(prototype concrete) | (model concrete)
: TR | HEIEWE ANUE 227 AdEe
A
Aoz 315 3.12
11
e 3200cm’/g 6200cm’/g
| FeTA 40mm - No.4 No.4 - No.10
S - No4 o3 No.10 o] &
3.2 of &
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Tabie 4 Mix proportions of prototype
and mode!l concretes

W/C(%) ) ,
TYPE S (SmiGn)’ | G |ClalS/a
wc
04 | 1 136 {371
7}
a Y e |  wenr |asm| 2|7
3 4q |04 | sse ||,
50 |37 | o) | a3
MRI-1 108+2.92 27
MRI-2| 05 | 1 [40|L48+252| - | o537
MRI1-3 188+2.12 a7
| MR21 0.90+2.40 27
d\MR2-2| 05 | 1 [33|1200200] - | 30|37
AMR2 1.60+1.70 47
MR3-1 0.77+2.00 27
alMr3-2| 05 | 1 |2s{10e1s0 - [ 85|37
o “|MR33 1344152 a7
MR4-1 0.68+1.82 27
MR4-2| 05 | 1 |25/093+157| - | 40|37
MR4-3 1184132 47
MCI-1 108+2.77 28
Mci-2| 05 | 1 |38[146+239| - [ 26( 38
MC1-3 1.85+2.00 48
&
3 IMcz 090-2.33 28
Mcz2| 05 | 1 |32|123+200 31| 3
A Mca-3 1.55+1.68 48
| MC31 0.78+2.00 28
Mc3-2| 05 | 1 |27[1.06+172 36| 38
MC3-3 1.33+1.45 48
MC4-1 068+1.76 28
Mca2| 05 | 1 |24{093-151] - | 41|38
MC4-3 L17+127 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

** 1 unit-kg/m’
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Table 5 Test results of specimens in prototype concrete

YHBE | AFEE | AT | APER/| @A | Fot

TR (kg/em?) | (kefem®) | (ke/em?®) | 43722 | (kg/emd) | 20]

314.79 | 33.21 45.55 | 0.105 | 266134 | 0.198

4| 372.07 | 35.03 | 52.69 | 0.094 | 289336 | 0.174

4.2 2¥E A2 E(model concrete)
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Table 6 Test results of specimens in model concrete f§

oL laEae|aggs) 93 | 99w/ ayAs E

" kgsem?) | (kg/em®) | (kg/emD | RERE (kg/cm®)

MRI-1| 24747 | 27.80 0112 | 235967 . J : . N

MR1-2{ 24458 29.80 49.95 0.122 234585 o 1000 m 3000 4000
MR1-3| 33232 | 3490 0.105 | 273444 Strain(10+)

MR2-1] 279.24 26.88 0.096 250657

MR2-2| 29758 26,22 46.67 0.008 258757 Fig. 5 Stress-strain relationship between protofype and mode
MR2-3| 304.20 31.85 0.105 261619 concrete using rounded stone (¢/a=30%)

MR3-1| 294.02 2331 0.079 257205

MR3-2| 321.83 2841 45,94 0.088 269094

MR3-3| 363.32 31.78 0.088 285914 T

MR4-1{ 31542 | 1898 0.060 | 266401 " ]
MR4-21 326.62 25.99 48.85 0.080 271089 - oot veotln 3590 j
MR4-3| 32826 | 2892 0088 | 271769 £ e

MCL-1| 28603 | 3146 0110 | 253686 e e

MC1-2| 286.37 2445 536 0.085 253837 z —— Prototype 1
MC1-3| 31197 33.69 0.108 264940 g

MC2-1| 310.40 28.96 0.093 264102 = i
MC2-2] 31822 28.24 52.5 0.089 267580 E

MC2-3| 34472 | 2548 0.074 278499 2z ; l
MC3 1] 33924 25.73 0.076 276277 00 / L L R

MC3-2| 34955 2825 53.23 0.081 280443 0 1000 2000 3000 4000
MC3-3| 350.83 25.86 0.074 280956 Strain(10-)

MC4-1| 34514 28.19 0.082 278669

MC4-2 | 34717 25.92 51.41 0.075 279487 Fig. 3 Stress-strain relationship between prototype and mode
MC4-3| 37452 24.81 0.066 290287 concrete using rounded stone (¢/a=35%)
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Fig. 6 Stress—strain relationship between prototype and
model concrete using crushed stone (c/a=31%)
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. 4 Stress-strain relationship between prototype and
model concrete using rounded stone (c/a=40%)
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g. 5 Stress-strain relationship between prototype and
model concrete using crushed stone (¢/a=26%)
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Fig. 7 Stress-strain relationship between prototype
and model concrete using crushed stone (c/a=36%)
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Fig. 8 Stress-strain relationship between prototype and
model concrete using crushed stone (c/a=41%)
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