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An Experimental Study on Size-effect for Characteristic of
Flexural Strength of Pavement Concrete

ABSTRACT

The quality for the domestic pavement is evaluated based on flexural strength at the age of 28 days in accordance with KS regulation.
Most specimens of the flexural tensile strength used currently are relatively large ones with a dimension of 150x150x550mm.
Accordingly, it is difficult to treat the specimens, and the utilization of a curing tank is low. In this paper, the study tried to resolve the
problem by specimen size specified in the code. For this purpose, a flexural strength test was conducted according to the log scale within
the specimen size specified by the KS. And, based on the results of this experiment, a comparative analysis was conducted using the
prediction formula of Size Effect Law (SEL) proposed by Bazant to examine the correlation between specimen sizes, so as to use the
result as basic data for the reduction of the specimen size in the quality evaluation of concrete pavement.
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e} 24351 289 3 LS 71Fo g FrhEar gtk KS
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| TS SaAFle 2 AEERe] 2w §) A%l §o)
s Grg 5 e viEal vk 55k el o 2w BRIy
o thet sk {1k =S E R L)) TS vEgste]
TAAY gkt =718 2dAskaL IrKSim et al., 2008).

AuEA 0 7 ARRET 9= 150x150x550mme] AJFAE S4
P = A5H] B4 elol] EazlEe] vy A 5P 719
o2 Qlsle] AT e JFRS W dnk wepd, FE9e
& AAY] 2718 SaA1717] $lsiMe Z7185%(Size Effect)
g BAAH HEE B AlEAY] A AETL o] FofRok
3lt}(Bazant and Oh, 1984; Bazant, 1984; Yoo et al., 2004).
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(Bazant and Oh, 1984; Bazant and Becg-Giraudon, 2002).
ole} o] AjEA F7 ] AR HES F3lo] EazE ]
FA A A 7] E24E JF VIzAER E8sla)
T}

2

S

o

2. NETE % &g

2.1 A=

B Aolx] AR AlEe ARIES] Y- B IENE ARE
E AMgEI o, BFE 31500k e Fe FAe] 7% FHu)
2|47 25mmo| L, HlF 2.69, ZHE 7479 S ARSEIeH,
A= ¥IE 261, ZHE 2763 7S ARSI ARSAlEL]

Table 3. Mix Proportion of Pavement Concrete

Table 1. Chemical Composition of Cement

Item Chemical composition (%)
Type SiOz A1203 Fe203 CaO MgO Nazo Kzo SO3 LOI
OPC | 202 | 5.8 | 3.0 | 633 | 34 (012093 | 2.1 | 1.2

Table 2. Physical Properties of Aggregate

ltem Specific | Absorption Percenta.ge Solid
Ginax ravity %) of abrasion | volume
Type £ (%) (%)
Coarse |5 | 560 0.30 24.1 60.8
Aggregate
Fine . 261 111 . 63.7
Aggregate

Z2] 2 31544 442 Tables 1 and 20] VERJITE

ZATE E ) Aow P TN FE ARREIL
e F A=(fw) 4.5MPas 702 s, wighdAls Al
E FIgE 3 uighdA 2130(2011)9] w2} Table 33} 22o]
AlgstaL, AEA Z7MER FYe wiEs ARSFATH

E3lA1e] AS- =il 27=o] Sl AAlESHA)E drke.
2 gJd(Ligninsulfonate)A], Yz (Naphthalene sulfonate)]
|3 ol wo) A7NEA Y= Z8)7REAKPolycarboxylate)
AR FA oA itk B AFex] AR EsHlE EBE
A SEEOl o)t S AASE oA 9 IR 2d9)
=75 Ao &aapdo)a, Aol AN e 87t
HAA(PCA) A5 AEZEAZ ARSI

B3 B Aol A A P wel B-AENE 43%E
AAERoH, 3 PPEE WrRsl) flate] ATRAIL] FolxEx
Ao)(&A7h o] 2 100x100%400, 130x130%x450, 150%150x%
550mme] A 7FA] def(Bazante] Size effect LEFM 2-414}2]
log scale 5 74 =72 AZsFItiBazant, 1999).

2.2 AlgdiH
2.2.1 U=ZE AI-

EE FAYE USAE 598 FRIE] S8k KS F
24033} KS F 24059] w2} ¢100x200mm FAJAS A2k}
AE 7, 28, 004 FEHY T USHE SHS et o

e P NS e g F)gTe) tidk 3 A% o220

fox Ginax Ww/C S/a Unit weight (kg/m’) Target Slump Target Air
(MPa) (mm) (%) (%) W C S G (mm) (%)
OPC 4.5 25 43 39.7 147.5 343.1 706.7 | 1108.6 less than 40 6.0+1
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Fig. 1. Specimen Detailing for Flexural Strength Test of Pavement
Concrete
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Fig. 2. Photographs of the Arrangement of the Flexural Strength
Test Set-Up

Vol.35 No.2 April 2015 301



7 ZAC|E] A7) anel wE f Ak 54 24 wet ddE A

AlEA] =7] W 22 SR AIRReRe] E2Askeio ], dlaHo)
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31 = 2= Al Aot

AW 4o gk Y=AE B KS F 24054 wzh ¢100x
200mm FAASl| tite] = AT 5L AFANA A
AL AEE 2 Al tig dEAE 9 BEAket
HEAIGE Table 40 VRO, Al B A 2718 454
= 543 Fig 334 o] FFaE A 28Yelxe] Y=
4066MPaz ZA g0, A& 7Y oF 383%<] AT Z1e
< Btk T3k AE 90U E & 7% 7S YERITE
T8 FFEARE A 7, 28, 90l 22t 0.573, 0.791, 1.065
E YERGlem, ST 24 AlEe] TS tha ol
AeS BRyck

ST 5SS SHE 3 A=e) viul B48 2, 100x
100x400mmol thak A= 7, 28, 90d 3] e =E7wo)

Table 4. Test Results of Compressive Strength

Curing age
e 7d: 28d 90d:
Classification ays s s
1 25.00 41.76 44.61
2 26.05 40.2 42.88
Compressive 3 24.26 41.23 42.63
strength 4 24.94 40.11 45.14
5 25.12 39.99 43.82
Average 25.08 40.66 43.84
Standard deviation (MPa) 0.57 0.71 0.95
Coefficient of variation (%) 2.28 1.74 2.17
50.00
43.83
— 4500 s 40.66
i
g 4000
= 35.00
ob
g 3000 25.07
£ 25.00
2 2000
Wi
g 15.00
g 1000
S  so0
0.00
Tdays 28days 90days

Fig. 3. Influence of Curing Time on the Compressive Strength of
Pavement Concrete
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242} 177, 17.0, 17.0%= Z4E00H, 130x130x450mme]
7S 212 16.3, 15.7, 15.7%¢]9, 150x150x550mme] 739~ 9=
ZFeol vlashd 212} 163, 159, 15.6% 5] 2jo]& JepiS)
t} o) BE W] 3 A 4] 16 o2 UERISICE
gk S AP YSAEE o]83o] Bazant®] A7A}E
ofsf) Alokd Ao g Fr|aIte] we F A 5A4S EAsklck

73S USAek Zo) A 7, 28,

AARaL ARATe te FFAAE Attt A7) e
Aol ZFHA D HEAT 2 AEd A= Wslk= 747 Table
59} Fig. 49 Azlataitk 100x100x400mm =7]¢] A& A7}
T 58 AwE VERIRIOH, oo} 22 AIR] A= diA Hard
size effecto]] W3l A-23}e} FAFSE A}o|tl(Bazant, et al.,
1984). A3dl] AL F2 SR 7P} 71 d7edl A8

Table 5. Test Results of Flexural Tensile Strength

Specimen Size Curing age Tdays 28days 90days
1 4.45 6.82 7.25
2 4.66 6.43 7.12
100x100x400mm 3 445 6.39 7.13
(MPa) 4 432 6.85 7.24
5 431 6.61 7.04
Average 4.44 6.62 7.15
Standard deviation (MPa) 0.13 0.19 0.08
Coefticient of variation (%) 2.85 2.89 1.12
1 431 6.35 7.09
2 4.06 6.49 6.78
130%130%450mm 3 44 6.06 6.85
(MPa) 4 4.16 6.75 7.0
5 435 6.38 7.03
Average 4.26 6.40 6.95
Standard deviation (MPa) 0.13 0.22 0.11
Coefficient of variation (%) 2.99 347 1.65
1 4.06 6.17 6.74
2 4.34 6.69 6.97
150x150%550mm 3 4.19 6.39 6.9
(MPa) 4 4.49 6.07 6.95
5 423 6.61 6.63
Average 4.26 6.39 6.84
Standard deviation (MPa) 0.14 0.24 0.13
Coefficient of variation (%) 334 3.75 1.93
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Fig. 4. Influence of Curing Time on the Flexural Tensile Strength
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Fig. 5. Influence of Standard Deviation on the Specimen Size
Parameter According to the Curing Time

Microcracks in the
interfacial transition
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Fig. 6. Internal Micro-Cracking Development of Concrete Under
Uniaxial Compressive Stress (Mehta, et al., 2006)

19mm X} thas & 25mm SAY7F AREEo] size effecte] JEfo]
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1.5~4.2%2] w43k A= SV} vepgo, o= Bazant 2
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(a) Microstructure

(b) Fracture Pattern

Fig. 7. Fracture Pattern in Each Different Size of Specimen (Red :
Aggregates; Blue : Cement Matrix; Green : ITZ)(Van Mier, et
al., 2009).
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vk A3HE Fig. 5o VFERASITE AR AjEe] STt
w2} FFEA} FHashe 0 R UERkem, Al@Ale] =77}
Ze Agolm e o] BEHakE JERQI) o SaRE
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ZIE|E XA size effecte]] thet @2 Bazant B 35
TASo] o8] 2 ekelA QltkBazant, 1999; Bazint and Novak,
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Table 6. Theoretical Value for the Evaluation of Flexural Strength
Based on the Deterministic and Statistical-Deterministic

Table 7. Numerical and Experimental Flexural Strength

Size Effect Experimental Estimate data
Classification Data value Specimen Size| (S t:it;ar d D:tzl:ri:l?nciiic Deterministic
Compressive strength, f', (MPa) 40.66 deviation) value value
Elasticity modulus, 7 (MPa) 287425 (MPa) (MPa) (MPa)
Fracture energy, Gf (N/m) 51.8482 100mm 6.62 5.44 758
Fracture zone size, ¢, (mm) 525495 (0.192)
4(0) 3.955265 130mm ( 06.'24202) 5.18 7.48
g (0) -17.6271 6.39
f,... (MPa) 715638 150mm (0.240) 5.05 7.44
Db (mm) 5.85483

14

Experimental results(28days)

- - - Statisical-Deterministics size effect
12

vvvvvv Deterministics size effect

w0 L + Experimental results(7days)

- 5 -
£ i = Experimental results(90days)
s "
< -
IR
| ;
E
7} AN
+ 6 .
: -
o el
w a . « == -———— ——— .
7days
2
0 : : : : : .
(] 100 200 300 400 500 600

Size of specimen

Fig. 9. Numerical and Experimental Results

Fig. 87} o] AejHrh
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Aok Gz TEE 547 & oJuix] Wik} softening A
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Gy Gy =2.0-25% 34) Egs. (7) and (8)2 Bazant and Becq-
Giraudon (2002)0] ¥tgh tlo]ElE o]-8-3le] gk éA|Aoln,
£ A7 e Age] rhsdivial ddtErk

ojo} e oS v R £ AR F #iks s HlefE
BRI Y7 7 =40.66MPa, HHEAIAF Gra=di=25mm,
B/AREN] w/e=0.43S AMEERoITh BEgh B SAe] A9
ag =7 =1, ] AF o) =1.449} 5, =1.120]7] £ 23]
A AR FARE R0 R ap = 1449} 5, = 1127k AME3I9
ok web 9] Egs. (D~8)S o183le] &4 ¢ &5l &

I} oS A HloJElE 1T = Jiglen, o2 & AdelM

AR Al g tlolHE rige 2 AakE v|a-RAEIeITE AR
# 2 Ak & Table 69 VFERAITE

A EXE 7129 A7AkEd o5 Aljkd FgEAQ] ¥
1 Aree] |adet SEEARQ1 A7]add gk o] 24
npe g e w=2sksle] Fig 9o ARdvloleje} Hlak-2Afst
It}(Bazint, 1999; Bazint and Novak, 2000; Bazant and Becg-
Giraudon, 2002). FFHAFE E315F A3 Hlo[el= 719 &
oA ARkt BHEEAQ] 7| adkel FAEAR] Holy =7]&
Atelel] Y)xeh= Ao= S wbA Egs. (1) and (2)=
A = SRE TAolA AEHAL Sl 8 FAEEY]
D= Mol Aed F ds o dArkdrt

B A7 A9E nle g ) 238 FIBE AlgAl gk
A A ET AIA 2719 ARl EEAR Ao e
BRI A E Alo] Fhom SA WS oH, FF HAE aLEfsle]
T3 k] 9IS BloluA] dskth o]eh & Hi=KS F
2403:201404 FAEI = FAA] EF WH X100
100~150x150mm) Wellx] E= H71E $3te] AlgA] 271
& 28k Blo] g sk o2 FAPT Shes vERE Zlofth
I B AYE SAR BE SIPE 2B FUT A¥A
AL 100x100mmO_2 4317 $JAE= AlEA] =7)9) tish
FHo T ARG 2 E-ARE] thek FE 3k W] the
A P SR EA4Eolor & Ao g dvkd:

N

A
=

rHu

o

B e @A = H8HaL gl 2arE 23 AlfA¢
ek 7] B3ks areisle] AJAAl 27e SaA7P] 97k Al
dgko g A F AR sMAIE Hlal EARRe BA TRt
2o AES =&k
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