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Similitude in Flexural Bond Behavior of Small-Scale
Reinforced Concrete Beams

olstM* s
Lee, Han-Seon Ko, Dong-Woo

ABSTRACT

The small-scale models have been utilized for the prediction of inelastic behavior of
reinforced concrete structures for several decades. The parameters that affect the
similitude between the model and prototype are various. Among them, the effect of bond
between the model reinforcement and the model concrete is one of the most important
factors. The study reported herein is addressed to verifying this similitude in bond
behavior. The simple beams which have the lap splice at the midspan were made and
flexural tests were performed under two-point loading. The length of lap splice are
varied from 0.4 /; through 0.7/;. and up to 1.0/, where [;is the development length
of the reinforcement. The selected scales are 1/1, 1/5, 1/10 and 1/12. Two prototype
specimens and three models were tested in addition to the associated material tests and
the test results are compared from the viewpoint of similitude.

Keywords : similitude. bond, scale factor, small-scale model, prototype. reinforcement,

concrete
* A, neididn A3 Ry «2 =20 e £/ 19999 0% 30UNX] HIE B
* 3, neldigy 253 H A FAIH 19999 128 50 £2oisigte AXNSHEUCE

=A2ESE =28 113 35 1999.6



1.M B

2224% o83 AW AozAETF
28 vgydgdlMe AL setsted B
o] olg%x Utk o W, Hamdy Ao A
B4 SRS B8 2and ddd g A
e grd dart glon, ASMAEE 77
o AzW olst AMENBI BA =@
Age] ZHNE AXA Ak g} B3] HI
zaE FREAM Fz oA ATA s T2
2o wyde Auddn 2 o, HardS
o] 43 T2E ASHYL systed o] A
3 zandel PRI ASFARL A4
Ae W Fastt wgad, B AR
2% FZEIYE $2Z Agd AsdE
1/5249%% 22 w&= gy AIF3YE P2
2 A Ag"EE 1/1022%% 1/1229®
of el ABABS FHF T MY YR A
a5 olgzelg PEld wiHo HRANHL
Eate] A2 2R Atole] PRAAZ
BAE A BN AP

fr

2. Al HH

AZZIYE F4ARYE AZstn Agsherl
Qo] HAag A5 mdo rsletE s o
AA 1, A28 232 EL AT ¢Eel O
SH-HFEIH 2 wdit HEe A HY
ES YA AAF gt

gy, FARYE A3 o mdEda)
AEF T S XY, 2AJEE F
Zﬂ«] 7|8} oko] W wal aAdASIr et
= )J\E}' Table 1ol Z2te] 7340 A8 &=
Ae F428E BoFa v HEF mdd o

A JJr % ZE 7t A59 Aoy g2

SHA Wy Eo] YA de true
, 29-dsg 24

of X wj HEg & 3 E ZA480] casel

gt A FaEe] dASrE 2F dAlse
A5oE casell 2d& H&3txn, Ao B4
Age dAs 2B BEASFIE AR
A @2 WE caselll B4E A &3] HEFH B

Table 1 Summary of scaling factors for reinforced concrete models™

Quantity Dimension True Practical model| Distorted model | Distorted model
model case 1 case I case Il
Concrete stress, o, FL? Ss 1 Ss S,
Concrete strain, e, - 1 1 S. Se
Modulus of concrete, E, FL72 Sy 1 S,/ S, S,/ S,
Poisson’s ratio. v, - 1 1 1 1
Mass density, o, FL™} S,/ S: 1/5; S,/ S S,/ S,
Reinforcing stress, o, FL°2 S, 1 S, S,
Reinforcing strain, e, - 1 1 S. Se
Modulus of reinforcing, E, FL~? Sa 1 1 1
Length, / L Sy S; S S
Displacement, § L Sy Sy S-S, S.-S;
Angular displacement, 8 - 1 1 S. S.
Area of reinforcement, A, L? S? St S S, SA/S.
Concentrated load @ F S,- SF St S, 82 S,- SF
Line load, w FL™! S, S S, S+ S Ss- Sy
Pressure, ¢ FL™? S, 1 Sy S,
Moment, M FL S,- SF S S, 8¢ S, 8¢
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Table 2  Mix ratio of prototype and model concrete

(weight mix)
Mix Water |Cement| Sand | Gravel Sup‘e?‘
Plasticizer
Prototype| 46.3 100 [256.4| 287.8 0.3
Model 57 100 |118.3) 137.7 1
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Fig. 1 Mechanical characteristics of concrete Mix |
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Table 3 Size and vielding force of reinforcement

Scal Prototype 1/5 Model 1/10 Model 1/12 Model
weale
Required Used Required Used Required Used Required Used
Diameter 19.1 3.08 1.96 1.90
Bottom|  (mm) o | %2 | man | Y0 | w2 | Y| w20
b . - .
ar Ylem(‘}?ggf)force - 12,505 | 500.2 550 125.1 | 1416 | 868 | 1304
Diameter 12.7 1.96 1.0 1.0
Top (mm) o1z | 2% | 2o | YETO e | YU (s
bar : ; .
Yielding force| 5.550 992 416 | 515 34.6 38 5 34.6
(kg
Diameter B 9.53 1.96 1.0 1.0
_ (mm) oy | YO mzo | 9 | e | YT ] e
Stirrup r————
Y‘eld(l}?sﬁfo“e - 9869.8 | 1148 | 1304 | 287 346 19.9 34.6
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Table 4 Yielding force of model reinforcement
Temperature Yielding force(kgf)
Scale Duration Batch No. Zonel Zone2 Zone3 Zoned Zoneb
. D3.1-1 550 580 560 500 570
1/5 op o [ D3.1-2 554 570 550 506 560
Average 552 575 555 503 565
o D2.0-1 - 140 160 130 140
1/10 2hr72§)0§;1m D2.0-2 B 135 138 150 *
) "| Average - 137.5 149 140 140
R D2.0-3 - 140 135 110 170
1/12 1hr72300(r;in D2.0-4 B 110 ; 95 148
) "| Average - 125 135 102.5 159
stirrup 740°C 36 40
(1/10.1/12) | 10min 41 37:5 25
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Table 5 Comparison of ratios of strength in model / prototype

Seal 1.0, 0.71, 0.41, Yielding force(tonf)

cale {(model/prototype) (model/prototype) (model/prototype) {model/prototype)

1/5 19.09/13.38=1.43 19.17/12.08=1.59 12.96/8.83=1.47 13.34/12.51=1.07

1/10 18.00/13.38=1.34 16.22/12.08=1.34 8.21/8.83=0.93 14.75/12.51=1.18

1/12 19.35/13.38=1.45 18.37/12.08=1.52 14.61/8.83=1.65 18.53/12.51=1.48
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(a) Specimen 1 (1/1) (b) Specimen 2 (1/1)
Fig. 12 Crack patterns of beams without lap splice (1/1)
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