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ABSTRACT

It is important to consider the effect of member size when estimating the ultimate strength of a concrete flexural
member because the strength always decreases with an increase of member size.

In this study, the size effect of a reinforced concrete (RC) beam was experimentally investigated. For this purpose, a
series of beam specimens subjected to four-point loading were tested. More specifically, three different effective
depth (d= 15, 30, and 60 cm) reinforced concrete beams were tested to investigate the size effect. The shear~span
to depth ratio (a/d=3) and thickness (20 cm) of the specimens were kept constant where the size effect in

out-of-plane direction is not considered.

The test results are curve fitted using least square method (LSM) to obtain parameters for the modified size effect
law (MSEL). The analysis results show that the flexural compressive strength and the ultimate strain decrease as
the specimen size increases. In the future study, since pB; value suggested by design code and ultimate strain

change with specimen size variation, a more detailed analysis should be performed. Finally, parameters for MSEL are

also suggested.

Keywords * size effect, flexural member, flexural compressive strength, stress-strain relationship, modified

size effect law (MSEL)
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Table 1 Specimen size and reinforcement details

Specimen No. I I m

h (cm) 65 35 20

d (cm) 585 30.0 14.3

I} (cm) 60 30 15

[ {cm) 460 230 125

a {cm) 180 90 45

Iz {cm) 20 20 20
Tension reinforcement 2;11))1295 2+4DD115§3 3-D13
Compression 2-D10 | 2-D10 | 2-DI0
Stirrup D10@200 | D8@100 | D6@50

Tension reinforcement
ratio o, (%)

o, /balanced
reinforcement ratio

111 1.14 1.33

0.45 0.44 0.42

Table 2 Test results of reinforcement

Yield strength, £, |Ultimate strength, f,| f. /%,
(kgf/cm®) (kgf/cm’)
D13 3.984 5,936 1.49
D16 4,539 6,792 1.50
D19 4,824 7,067 1.46
D25 4,766 7,106 1.49

Table 3 Concrete mixture proportions

w/c s/a Unit weight (kgf/m?)
(%) (%) W C S G
45 41 186 409 643 1,017

Tension reinforcement

/PIZ P/2
|

] 11,

/Z Iin

|| w7 8

Section A=A

Fig. 1 Shape of specimens
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Xitem) I 0,2 4,6 8 10, 14, 20, 30, 40, 60
strain | T 0, 1,23 45 7 10, 15, 20, 30
gage m 0,1,2 3 4,5, 1, 10, 15

I 0, 37, 115, 165, 255, 305, 383, 420
Li(cm)
vpr LI 0, 35, 85, 125, 175, 210

m 0, 11, 39, 66, 94, 105

Fig. 2 Locations of strain gages and LVDTs
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Fig. 3 Crack patterns of specimen II-2 after testing
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Table 4 Test results of beam specimens
Specimen number| fn (kgf/cm®) | fi (kgf/cm®) fould) (kgt/em?) P, (tonf) | & s (x10°) & wanar (x107)
I-1 383 496 2,200 2,825
1-2 368 439 2,270 2,720
o-1 405 25.2 3,080 3,245
375 38
o-2 412 248 2,990 3,130
m-1 443 131 3,370 4,110
m-2 435 12.9 3,410 4,420
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Fig. 4 Typical crack patterns at failure

W
i
jal
o
(m
br
1o
1]
2

=50l et =Tt




A714, vE B Ao e #HYEH 4F A Fg
AL)S 2L YA 2AY HAL 3%} ko 3
AEAst] ARSI T EE 1A= Fig Sh)eld €
T Qe et 2ol g,y DANA T WIE] FolF
€ ¢ 5 U 2L €, 0 olFAE THRY HAE
HPERREH FY T flong FHEY AAE 284
HAA 7hd $E-H¥E BAE 78 & 2F AsH
oM Ao} o7} YT SpHFelA gk 2po]7h A

Neutral axis location/effective depth

oy 1 Aoy} 18] AA Yol SH-HHE A= UF . ————e Size Il
g Aoz 7HESlth B aeld & gle et 0.5 = L T 1
2ol ZAAY A7 FLSFE YT 37]9} a 0 0.2 0.4 0.6 0.8 1.0
We] WaEg 2 S3Hd Bl Zuked dAl 4"‘ H5S Normalized strain
s Aoz Jgyth F 3sioNe Avle) Aol ‘v (@
wet o5 gk Ateld Aolzt AY %}W‘?} 3}0* AN 2
apolr} FEEistA Uelth Q71N SIFHE €, pnu 0409 Soe
& A dFFIARC] vl ‘3“”57} 7 & oo ®¥ 1T & 0 e Size I
JES AE9T oZ¥E BYELA-UYE WAl 2 0% Size
715 EASE & 5 AT
Fig. 9% 29 fadold B FINIEe ved < T
Zolty, A wHe] FTEAME HIF FYEE # B 1
o} gjo] olE o =AY B FIHYEL o] 025
7} 3000~4000x10°9) el ik g#AA A, Fig. I
4 89| e AT % o) DAZIEN A 020
o] gl 3000x10°¢ jujahed], A@ATE Sizel 7 1
2 2800x10°452 o] grrh o Sizel9 Size I 015 L S A S A S
= 242} 3900<10°9} 4250107 AN R AERd o 2 7 O e e
o2 Jepttl wpghr 2o A7)7F & A$ofE= o] gl ®)
gt 27149l AEV g esirty dohEn _ - . _
]iﬁ} QO“; ;Z 8°1j Qfﬁ Zif‘f j ;d@; B e omtcome comprasson fher o
[s) o 1
of 3] HES Axjojr). 39 ANE AC 2 34 0.5
WAPIZN BHSHOR 085/, & U e ] oo
B, Q) 0788 etk o|2HE g, e HaZot " 6000 z
Z7Vgho) wheh ZrAasle AL Bd o) Zix AV|FHE Perfect plasticity 5000 E,
Uehde & 4 Sl a3y BE AS AAENA A 3 4000 H
Nate ek @ g2 oz slea, Cgmperan o
= Az g R e B Ao ¥hln ik ¢ w2
Bazantd] Z/VETHASELIV0] HEE olF, A2 02- 2000 5
SRe waAo) A7iek BHG A9 gy & nEshe R s 1000 ;;;
A z7) #8ol e B 3% H AL #8232 o et 0
(E;/IZELTXH’]] :J’}Oﬂp}aﬂ %é} —7—7‘3% ﬂ7]§_-‘f’»}-%i] 0 1000 2000 3000 4000
oks
SEL—"} MSEL 2 2 Agox 4 2943 (Table 3) Strain(x107°)
j oie FAEAY (levenberg-marquardt®] AN, Fig. 6 Variations of neutral axis location due to

LSM““’)% Za3izlod ollel AUt (3L Agjoem 1 perfect plasticity of reinforcement with strain

938 s=Eae|ests| =28 H[14H 62(2002)



3= Fg. 119 vehd Qlck 6000
i Experiment analysis
(o] [ ] Size |
1.25f, 5000 O m  Sizell
fald) = CZ, (SEL) 2) A . o *  sizell
1+ =~ &
100 © 40001 ¢
X
< A 4 ]
o]
0.8+ 5 3000 £ .
fuld) = e+ 0.T90 OSED ) FE
1+ 40 4.0 £ 2000 ©
5 7
A7]A, f (d) , fo, 28 d& 27 @‘1}%7&5 1000 T T T
2 5 0 20 40 60 80
(kgf/emd), AFFAA FE7=(kgt/emD), 31 K
Effective depth (cm)
FagolecmE Yyehdch . ) ) ) )
Fig. 9 Relationship between ultimate strain and
effective depth
1.2 S 1.0 —
. =l .\.\ ® Sizel
: T N W Sizell
10 - . -
B Vg . > & Sizell
. '/ \‘\ \ ACI
& 0.8 / \ o 091 *
™~ N \\ N ||
3 Y 3
;0_ 0.6 P/ 1] g )
N - < -
= 0.4 ' ®
o Cylinder 0.8
————— Size |
0.2 —-—=- Size ll L
E —--—- Gize lll
0 — T T T T T 0.7 T T r T r T —
0 1000 2000 3000 4000 5000 0 20 40 60 80
Strain(X1078) Effective depth (cm)
Fig. 7 Effect of specimen sizes on stress-—strain Fig. 10 Relationship between f; and effective depth
curves
500 500 5001
400 400 400
=
g i i
S 300 300 300
S
§ - J
T 200 200 200
W3 il i
100 — Cylinder 1ooj —— Cylinder 1007 —— Cylinder
| ———— Size | i — Sizell 4 — Size lll
o+——7F—————77T o177 7T 77 0T T T T T T T T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 O 1000 2000 3000 4000 5000
Strain(X107¢) Strain(X107) Strain(X1078
(a) Size I (b) Size I (c) Size I

Fig. 8 Comparisons of stress—strain relationship

H223R|E 2o EAFYZ0| chgt A|ant



MSEL (r = 0.978, s = 0.017)
——— SEL (r=0.975,5=0.018)

fu () / Fou

0 20 40 60 80
Effective depth (cm)

Fig. 11 Relationship between f,(d)/ f. and
effective depth

Fig. 1l9le  fu(d) [fa St 98229 Z*‘Ei%‘ﬂ
FHADNAY A 9 BAE YL e,
7b o 2 Atee 49239 ZE 67} ‘Qﬂﬁl
goll sHaA & & F Slvk o] a”elA ulgE, A
49, a8 92 7 2719 IAAAM 4L Adas
2 QAN A8e Z2 Qg HB)ozrHe 2
F2 Uehdth ol2RE BAlY =7t Zhsl wet
g1 Ao PAEAEA Bas aﬂzw} Ax3 Y
B & 5 Aok E=e AQd A9 el o
29 B9 2717} sk %ﬂl/ﬂ‘ a2k A &
o1} o] HYE Hojud, 53] ¥A)9 277} wjg- & 7
Sl 2(3)e] 371314— o Z3h=vl E#Z-i_i ol &=
AE AOE AgET: TN r& ARATE UE
T, A ARA Atole] FAHAT} o) Eon
dio] dgAEE FUehlin Y&E ¢ F °‘E}
OIE-rEi & AYAM9} Zo] 27|FFo] /e 2
FAE o]249) AL 14_gr]._. Zl0] E}l:h;;:]-o oL L
Ak 2 FA7L 17] TEE 7T Jdod E7H
Sl ek ASA e sk SAHEE Bt
o 37183 HQ2)8 AHg3oF & Ao Addd

i‘U =

rlr

4.8 B

3L we AITAYE vl BYIAES B
FEQOPY PIAE B AR A 29 A7
Fdstgon, v 22 E5sd,

mu o

1) B} §EZ0)7 2/hal et AYEAE, A 9
FEAINe) WHE, 180 Feugsel padte 2
AzAe F4AQ AAASE Yepir £ B9

rir

oo

-3 & WAME A7|Z3} Yehdth

2) MSEL% 4347E ol4sld n FYZAT
g 271 &7 2d4S Aksgict

3 FHAYEL B9 A7]9) we} Wglsin, 1l =7
7b g 2 Aol o] WEEo] AA7IFAM ArEn
AT B e Aoz Yeygtt & SR Q4% B
olA] £k

4) 37t AAAYSEEH] Zol= B AN} F)
gl wet Az gasA e AA7)EAN AN FE
e & 4% By

5 & dFiAE FIEAYE Hoj did FUSAE
o] A7) aAE AHRAT CF FAA] Aol F
A4S AT A ¢ M2 fA 271898 Feld
Ade Aoz Aoyt
6) $o79 AT ME BZZIYE B gl A
AZIEANA AXG e FIEFES 571 A4S

ok o{

P

HEY9) zlojo] digk HrL 1w CY FAAS} o2
AYE B g A7E HEAIIE Ao dig 71eH
A7) Besittn B

ZHAtel 2

P e $EREIERMY SRR A
sl A7) Aol ofgte] Fysigon, ool Fe 7
A =g

-
[ ==

ﬂ’,‘-'

19
=

1. Hillerborg, A., “Fracture Mechanics Concepts
Applied to Moment Capacity and Rotational
Capacity of Reinforced Beams,” Proc. Int. Conf.
Fracture and Damage Mechanics of Concrete
and Rock, Vienna, 1988, pp.233~240.

2. Bazant, Z. P., “Identification of Strain-Softening
Constitutive Relation from Uniaxial Tests by Series
Coupling Model for Localization,” Cement and
Concrete Research, Vol. 19, 1989, pp.973~977.

3. Hognestad, E. Hanson, N. W., and McHenry,
D, “Concrete Stress Distribution in Ultimate
Strength Design,” Journal of ACI, Proceedings,
Vol. 27, No. 4, Dec. 1955, pp.455~479.

4 Kim, J. K, Yi, S. T, and Yang, E. I, “Size
Effect on Flexural Compressive Strength of
Concrete Specimens,” ACI Structural Journal,
Vol. 97, No. 2, Mar.~Apr. 2000, pp.291~296.

5 Kim, J. K, Yi, S. T, and Kim, ]J. H. J., “Effect
of Specimen Sizes on Flexural Compressive
Strength of Concrete,” ACI Structural Journal,

=EIe|ERE| =8 143 65(2002)



8
9.

Vol. 98, No. 3, May-Jun. 2001, pp.416~424.

. YL, S. T, Kim, J. H. ], and Kim, J. K., “Effect

of Specimen Sizes on ACI Rectangular Stress
Block for Concrete Flexural Members,” ACI
Structural Journal, Vol. 99, No. 5, Sep.-Oct.
2002, pp.701~708

Hubert, R., “Research towards a General
Flexural Theory for Structural Concrete,” ACI
Journal, Proceedings, Vol. 57, No. 1, July 1960,
pp.1~28.
S22 ES] “EAETZAATIEF, 199, pp22
Nilson, A. H. and Slate, F. O. “Structural
Properties of Very High Strength Concrete,”
Second Progress Report, Department of
Structural Engineering, Cornell University,
Ithaca, 1979, pp.62

10. Bazant, Z. P., “Size Effect in Blunt Fracture :

12.

13.

14.

Concrete, Rock  Metal,”  Journal o
Engineering Mechanics, ASCE, Vol. 110, No.
4, Apr. 1984, pp.518~53b.

. Kim, J. K. and Eo, S. H., “Size Effect in

Concrete Specimens with Dissimilar Initial
Cracks,” Magazine Concrete Research, Vol.
42, No. 153, 1990, pp.233~238.

Kim, J. K. and Fo, S. H, Park, H. K, “Size
Effect in Concrete Structures without Initial
Crack,” Fracture Mechanics : Application to
Concrete, SP-118, ACI, Detroit, 1989, pp.179~19%.
IMSL, Library, Edition &8 IMSL, Inc., Sixth
Floor, NBC Building, 7500 Bellaire Blvd,
Houston, Texas 77036.

Benjamin, J. R. and Cornell, C. A., “Probability,
Statistics, and Decision for Civil Engineers,’
McGraw~Hill, New York, 1970, Section 4.3.

AzEAAE B GEY IVPES A3 delE P9 2
FEE $AY 2717 3743l weh 4 280 A,
E A7l 22239E uol g 494 n2g 5

AR Btk 02l Fl(d
Aol

~ 15 30, 60 cm)E 8 v
< 20 emE AT st FaEe sted 2Ee S
él%‘ql"i T3 atF, WYE, 4 2] A 58 ol fsld FYESH-W
< S8t Feiiuh 24 A 1ol fazolsl E4gl ulet 38?};70‘

U457
w s

718 A @ Zo] dubHolth a2y A duel gt

w9 Z/EHE AvRT o] o A RENL
stgen Adxd/fazola/d)s 3022 AL Al

AAE 3349 WA AL o] 43t AR
?AEH PzgHolM o] HYE, :La]:a 23y

£0] A48 FAAL FAATS el a2ln AAZIEAA AAEa e Bz Be) 53 A¥E @l gEM=
271837} leng old i3 HEZF ety dddnt vixgog $AE A7 aRPAS AHgsle] A f’_’—ﬁﬂl‘é 24
s mel dgt 271aHRd4e A

HAZ0 © 271838, AA, IL52E, $H- 898 ), £39 215444
HIEAP|E Eo| HAURLL0M oSt 27|50t M1



