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Cracking Analysis of Reinforced Concrete Tension Members
with Concrete Fracture Mechanics
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ABSTRACT

A fracture energy concept proposed by Ouyang and Shah’s fracture mechanics approach
was used to predict cracking of reinforced concrete members subjected to tension. In this
approach, fracture properties in plain concrete which incorporate the presence of the
fracture process zone are first determined from the generalized size effect method, then
fracture energy required for crack propagation with the same dimension and material
properties are evaluated using an R-curve. Subsequently taking into account the material
properties in Quyang and Shah’s approach. a theoretical analysis to predict the
mechanical behavior of reinforced concrete members subjected to tension was performed
and compared to observed experimental results. It is seen that the predicted average
crack spacing curves agree well with the experimental results, whereas the analytical
method seems to predict lower values for this study. The analytical approach predicts
well responses of stress-strain curves before and after the first crack is formed. It is
concluded from this study that a fracture energy concept based on the R-curve and the
generalized size effect method is a rational approach to predict cracking of reinforced
concrete members subjected to tension.

Keywords : fracture energy. stress-strain curve, reinforced concrete members
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Fig. 2 Fracture states and distributions of stress and strain
in a reinforced concrete member subjected to tension

(i

HEEANE AARA QlojA &5 437
Wakel pEAAE Y ZagEL HE2W
A gE9R] (sliding energy)t B E-Zoj =]
(debonding energy)dl 9J&ix wA€) wet
A BdE FHAA fde] BAHE B¢
Uz B3e gt o] vkl 4 Uk,

1 9@ CACTRAN,

:RICF_*—E—GZV— (14)

bt aN

A7IM, o5 HIFAT EEo] glv N9 #
g2 I} FFYE] AHPAYRo|H, o4&
NAel FYe FAE RE HRER HE2H e
FolAeltt, a8l o= BE HRF HEFW
o gt FEEFANUAY, Rre ALEIAHE
EA% 5de A8AR EAAH ANE e &3
ZE Faje g@Ago|ct, HIEAE AFR
Aol FEAHE JeEllZ] S8 2 (14) & A48
71 AWM e Rier, ¢, 4. 99 o] A
of gt} @it Ouyang® ShahP& Az
A ES HEUANAM FA7 &Fo] gle NA
o & X3 FazlEg WEPuA o, O

3 M., N9 #Gel digd F v EZo x|
pa, B g3 &£4E AR o F 24 (14)
st @ N3 g0 B3 AR
=&39ct (FnEd (3) A=), NI o &
g Ay AL tge] AAEA s A48
S=

wy < w,

2d £ s (15)

fdiad <

N# ecol #g Aubgaos R dds

N mE & FEF 2(15)9 AAZL3
A 2ANES HAESH o8 FHAITZHo 2
tho] AofjA] At

ac=;; =E.e.e ¥ (16)
-; _ Nwo
O'S—ESES—ES(SC+ 2 )

Q%A FAYFAY AR

® 2oy OE AT2aE AgRAe] #
944 A9 4ae gesa chew Bk

1. dwtste A7 ZHAE o] 8k Gest o
€ 7% H(®)ERH FAYESY FIA
g FA42 Agct

2. REA2RY aa, Rert fE T3

A7IA aw, Rier, frie AEHE] Wi
G el o] &3} gholtt,

3. H]¥2Zo](debonded length)+ Gilbert
7 Warner® 7} AAIG il o] o|&A
o8 AHE3E BAlY AS d=r/200°0 o
& Akt

4. N-¢e.8 AR AE AMRst] dE8F N
o] F7hgte) wel EANE HPYE £ F
Askgick, ol Aow EABE HJEFH
E4xe  Lig'e |rdzel  uet
ya=0.004N/mm, t,= 2.5MPa%s A83I
o agln wee QATERHCEA FHE
A Ao S dFL ten Du Y
2 0.15~0.42 AAFIA, B =Fore=
0.158 Al8393, ke 180 3 A

Z32|E3E=2 M1231% 2000.2.



24 0.25% 7pR8sit. =8 2/1@¢Ed
olo] wig P wF HoEE g
5mm2 718t et

5. 4(15)9) AAzAs N EAES Hit
S8 o8 HEETZY o2 2(16)2=2
Akt

3. AEAS W Uy

2 A7 A48 EazEy I EAR 43
I AZEIE FAo deIPAFoRE o] F
olFct. #IEeS HIAEAR 4PL BaZant
7} Kazemi®ol #etg SELO @& Hed
Tang $° 9 Bazant £'9¢ Uwtsled =75
A (HAGELE) S A8, SEL 43
U 77t e AlEE 3FH o HEe
ok akmf, EAle] A7]o wat AlHe =77} A
Aol st ojE ol U7l wWiEe] Ywtad =)
FEpHA A AictE W wet AlHe) AV e
ARt A X9 A71E WA A 2
FAYUE AARA AdL GF A Aup
T AIEIAYE FAE AFste ZIAYHE FY
WA o]l F RAle] Q1A E FBHom Yt
= FHoUth A¥e FoWsEs EAYEY
AADE=E 20MPa, 60MPaz 2% 3 th.

3.1 232|E siE

17T BEE M E AEe 540 W
FEgE PR RE ALY HFPE 7 B
AEZ & F AHsAct. Ao AHEE F2
ANe HAASF 19mme] A4S ALEsion,
A AlA AHT ZAE AT w7
= HEd 8 EAE BUE JE9EE 5%
% 15%8 AbgItdew, E3Ale RE84 SR
£ $8} Sulfonated NapthaleneA 2l nAlsZ

2l oox it

A Mighty 150& AHg-siivt. £38E 2
d el Alguidel] 2Astd AR stg o,
WEAEA 2 old mE EHE FAYES ZAx
B Table 13 2o},

3.2 232|E oin|54x| ¥

dutstd Avlasy el 5474 shiel w3
A EGAE o7l Al A FFY =R A7
g e AEE AFstden, Fdd AEHE 2
A Azeted e eakg EFoleg st
HE4AE Table 13 2t} AlHe] A7) 150
X150x525mmels}, ZAYE ¥ 1Y Ay
FBE dAsta @88 o s AAA
FEEYE AAEAT. FF] 19784 FF
Gz ARBAE AT A2 AJH
Hell =2]9] Zo]E 13, 35, 68mmE A|HAT 2
hY A=A, olm wAel F7E 3mm7t
HEF sttt 223 hEAAAEE 8l 165%
165xX9mme| #Z7|el AL A FAE A3t
Aol e@iol] F2AF)a A FATL fHsl At
g m7kA] 2 19 = APEE duidA 7
AF AEE FYsAY. FEAdE S TeAR
AE71E AHsl HALEEE dEe s
of HdigtEE e, =07} H1%% Fig.
33} Zol AHe] diol 3tF& Attt

Fig. 3 Eccentric compression prism

Table 1 Mix proportions and measured strength of concrete

’Ega)rl;lgSF W/B | S/A Proportion by unit weight(kg/m’) Measured Strength (MPa)
~t th [7) 0/ S ]

TP @) 1w | ¢ s G | plica Adm. Comp. | Tensile | Flexural
20(NSC) | 56 | 45 | 180 | 320 | 823 | 1031 | - 0.96 20.58 1.72 3.33
60(HSC) | 28 | 38 | 180 | 611 | 591 | 991 | 32.2 14.15 58.03 | 3.96 7.05
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Table 2 Details of the reinforced concrete specimens

Target | Conrete
; comp. cover Section

Specimen strength| depth (mm X mm X mm)
(MPa) (mm)

NSC-20 20 59x59x 1500
NS8C-50 20 50 119x119x1500
HSC-20 20 59x59 41500
HSC-50 60 50 119%119x1500
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F

Table 3 Test data of eccentric compression prisms of
concretes

S o a ap P. T Ne
Spec. 0 (wld) | N | MPa

N-A-1 0.01313 0.0875 417906 | 1.85736
N-A-2 | 0.01403 0.0935 40613.4 | 1.80504
N-B-1 0.03348 0.2232 366894 | 1.63064
N-B-2 | 0.03336 0.2224 37964.7 | 1.68732
N-C-1 0.06724 0.4483 313920 | 1.39520
N-C-2 | 0.06799 0.4533 32176.8 | 1.43008
H-A-1 | 0.01347 0.0898 65040.3 | 2.89068
H-A-2 | 0.01418 0.0945 643536 | 2.86016
H-B-1 0.03304 0.2203 603315 | 268140
B2 | 003339 0.2226 614106 | 2.72936
H-C-1 0.06683 0.4455 551322 | 2.45032
H-C-2 | 0.06721 0.4481 54249.3 | 2.41108

1) N, H : Concrete strength (20MPa, 60MPa)

2) A, B, C : Notch length (13mm, 33mm, 67mm)
#3) 1, 2 : Specimen number

4) Specimen size : L = 0525, b = 0.15, d =015
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Fig. 9 Theoretical and experimental crack spacing comparison
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