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Crack Control in Beams and One-Way Slabs

Chang-Shik Min"*
"Dept. of Civil and Environmental Engineering, Dongguk University, Seoul 100-715, Korea

ABSTRACT The KCI Building Code (2003 and 2007) provisions to control flexural cracking in beams and one-way slabs are
discussed for related researches and the development of the provisions. Based on the basic ideas over the development of current
provisions, possible problems with cracking control are identified and discussed for the remedies to fix the problems. Simple and

clear equations to control flexural cracking in beams and one-way slabs are presented. The presented equations would avoid any
conflicts with other provisions for the spacing of reinforcement.
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Fig. 1 Effective tension area of concrete

o714,

o=Hd #EF(mm) (Fig. 1 )

po=AoAF =FPFo2NE AFADINA Y A/

FOoRFH Hzeo] =AM A =hh (Fig. 1
G

=288 shellM o] o] 33 (MPa) = M/(4yd),
71914 Mgz AHskeol A8 wo] wrie] wAst
= FRWE, 4+ AFE2e] @A, 28 (jd)=
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AHESE £=0.60% Y F A= s
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Fig. 2 Bar spacing and clear cover c,

AR A de BAE A7) Y8IA Fig. 2014 FH
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2.2 ACl 318-952| miN|0] &

ACI 318-95”1} CSA(Canadian Standards Association)
200714 SHHE RdEo] A BAHuE 4
(l)i A FdES AllsiA] A ofef e} & Al

7)ol wet AR dEZo] ASHEE 3T

z = f3/d.A (N/mm) (3)

2 3)2 olgste 24 ()& Tl AW, w=1.088.z x
10°% 2 5 93, 10]741—? ﬂcé HoAE 128 &9
BoAME 1352 Fato], =& uat A +EF%
S Y5 AxSAHLE 04 mm(0.0161n)i Q7 a3
0.33 mm(0.013 in)& 34, zzke] A=

A%%7(0.4 mm): z= o x 10°/(1.08,)

= (0.4 x 10°)/(1.08 x 1.2) = 30,864 ~ 30,000 (N/mm)

S987(0.3 mm): z=(0.33 x 10°)/(1.08 x 1.2)

= 25,463 ~ 25,000 (N/mm)
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Fig. 3 (a) Cross section, (b) Definition of cracking space, (c)
Strain gradient
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A7, s.=dLe 74, d =7]F 357 (controlling

cover thickness), ¥,= 7% 74 A

1.0, Ha 9 74 =15, Hdl ¢4 7H4 =20
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Fig. 4 Controlling cover distance
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o= 2L)p ja2+ (3) ™

o] A5 H2e HUZA s= ®dsky] fslA Al

_ chs 2 2
og71M, s=wXNT F e 2 AN7E(mm), o=
A 4D Z(mm), E,=200,000MPa, f,=H7}A2e] A}

SHOE ACT 318-95014 AIRleH gk A8 =0.6f, d.=

o] FACRTY wtee] 3557 (mm)

21 8y ALl fEiA S Al p= ACI 318-95¢0
A AAE fEA Bl isiA Agtele p=128 A&
3kar, mef wpet oA <l =47 9] A S
557 40mm+2EH 10mm+FHZ 259 122,
15 mm =65 mmE FH3P4, 4 (514 65/0.2 =325 (mm)7}
ot mEbA goiAls pe o 2ol 2388 4 Sl

[¢]
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dC dC
B=1+"=1+—%

— 1+0.
P 5 0.00308d, 9)

Gergely' "= ti¥te] FxEolA EHe] Wshe 7o
Agtehs olfr= 24 9 wlitolgtal AFsIHA, &
Sk ﬁLOEdo] Ml:—];q T= 041:—]1] 7}01] &0352_0] y_z}%__,j
of WAstE F 2] dol= A YIS AA &
=0 ZEXAY. wEbA F24S Wxsr] YA o
E Jart gle Wuk olug}, vk
sk 4%%711% AN YA 2
10]t}, Darwin'®3} Oesterle'”
= A2 #AATE XA
=T BT

w2bA Froschi= ACI 318-959] HAxd W37 270
st AA FAR HAEFLEE 0.4 mm(0.016 in x 25.4 =
0.4064 mm)Z MesEA o] 7tz o] gl 1/3 Z7hE
0.54 mm[0.016 x (4/3) x 25.4 = 0.542 mm]E AAHYIZE A
oFslATh. Figs. 59 69l= ZH7F S5 420 MPa(60 ksi x
6.895=413.7 ~ 420 MPa, ACI$} 22 zHS AL&-3aith)
9} 55 520 MPa(75 ksi x 6.895 =517.1 ~ 520 MPa)2] &

AYE IEFA 9} F2e] 7HAo gk AR 2=
7} AA = AT

3.3 Frosche| # X014 Aot

Frosche AAIEA S S84 kst A4S At
3FATE 5 60 ksi(x 6.895 =413.7 MPa) H.7}2 2o thal
A I EBEFA 75 mm(3 in x 25 =75 mm, inchE mm=zZ # 3}
et FRAAZIE 200773 ol A 255 288k
gyAE Hd "2l 744 300 mm(12 in x 25 =300 mm)
£ A&slal o|ZHE IEFAIL Sl mep A2
o] MPo g FASEE ALESIh 5F 420 MPa
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(57 60ksi)2] Fig. 5olAnH Ago=w
< YEFAQ] HESHS .
150 mm(6 inye Aekstar, Heo Hd 7k
600 mm(24 in)= A Had Frosch7} Al¢tet aHAH 9 (72
Z 0.4~0.54 mm) Sl AA| 2ol Bx3la ojuf 7| &7
sld,=—600/150 =—47} 3, BR7FE 2] ARS8 o= ACI
318-957¢l A At wS HE3FH £=0.6f,=0.6(420) =
252 (MPa)E 71%2.2 AMg-Seo| o] ztur) ztom A3
o7 FTWIEE AT 252/H)E AEFS] 7wkl &3
FHA o] zro] A 300 mmE 2 HEHA] EE=
T35k, AAAS v ZThFig. 5 L)
420 MPa(60 ksi):

- 600(222) 4dcs300(222) (10)

53 520 MPa(75 ksi 53)¢! 73%% 21 10y A
420/520=0.82 FsiA ¥&
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= 480(322) 4d, <240(3}02) (11)
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Fig. 5 Frosch's design curves: Grade 420 (60 ksi) reinforce-
ment spacing

Fig. 6 Frosch's design curves: Grade 520 MPa(75 ksi) rein-
forcement spacing
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Figs. 59} 6094 Ro3= v} 73o] Frosch®] A AA|
A FEE AR ARFE 0.4~0.54 mme] A
9 Qtel AAXe] Xt E 7hdk 2he] HHAS A
dsle IJAARESE 49 AS ¢ F Ut

3.4 ACI 318-992] ZX|0{ 4|

ACI 318-99"91 A= 25t AHgH el ed 2] (3)% o]
|3ote] #EES Aojste HEAA z AT HHelA
Frosch'"7} A28 H2WWS =Yste] JH 202 Fig
SellA Hel Huzbd SAIFE 9A] 300 mm(12 in)E
AgakaL, 1AM TP Tk 1E S A St
Ao A d, tAlel AFATANA 7 7Hk-E
o] FRATIAL] AZ c(&FEFA, clear cover)Z A
SIHA c.7F 30 mm(1.2in)E ZFsle] ZAastHA 7t
= 150 mm(6 in)& H@ste], 71&7]= Frosch7} A|Qtst
sld, =494 s/d,=—300/(150 — 30)=—2.57} H7, =3
S 150x2.5=375mm(A 5 375 x 252 = 94,500 ~ 95,000)
2 g3 o] MR s

¢

AFE=

ACI 318-99:
95,000 (252)
s S —2.5¢,<300 (12)
I Js
o] 714, 60 ksi x 6.895 =413.7 MPa ~ 420 MPa® A1,

£;=0.6f,=0.6(420) = 252 (MPa)7} €T}
3.5 ACI 318-20052] Z X0 4|

ACI 318-05°"| -+ ACI 318-029 % 71FoA AME-&
;‘5].1 ]:‘[:g ;ﬁl_&o].uﬂ/q o]x]—éjj_oﬂ uugzﬂ- 2= 01\_ =o
AR S At £=0.64F f£=QB)E ZFTFAT
o]&= ACI 318-029] 287} % U=12D+ 1.6LAA 3=
;1]1,:94 HAZ) 1.4 M, < oM, FAE Fzo eyow
2 1.41,=0.947F H o], £,=(0.9/1.4)f,=0.64Q2/3)f,% Al

ABHTE? WEEA £ = (2/3)f,= (2/3)420 =280 (MPa)7} =

ol 4 (12) thest 2ol FHHU
ACI 318-05:
_ 280 280
380( = ) 2.5¢, < 300( = ) (13)

2l (13)0ls =3 71EZ 6inE 6x254=1524mm=
Hol M2=9] At zHS 152.4 x 2.5=381 ~ 380 (mm)=
2 &3t o

4. TEMA7|E 20072 ZLHM 0] 4
TFERAAZTE 2007704 A4 149 7% H

t ANFHAESE 7HolE ACI 318-99¢] 375 mmE &
slal, ACI 318-997F o) 49 04mmE 7|ToZ A

AlE AT Hop sl 3RS Aefste] Hu 518

Z 03mmE 7|Fo 2 317] flste] AMS-SEe Hulgk
AlGFE 280 x (0.3/0.4) =280 x 0.75 =2100.2 xZFato] T}
=3 o] A|ASHA T
_ 210 210
s = 375 fs) 2.5¢, <300(fs) (14)

o|ZA FHRAAZFE 2007:6.3.3(4)"S AAFOoEA T}
w3 22 FAEES WESHA HATH

41 2M%E 1:SD400 E 22| HE

-
=

sy

AHE3HE ZdElo A 1A 7 Thrtolell $1%
9 2 AR Q3)E AT F e
2, 2 (14)°] 10/t °1& 2AR fE AMtAE
TFZRAAIEE 03 mmE 7|Fo 2 AAE golmn=
@B3),'=210°1A £,'=210/2/3)=315 (MPa)’} €t} ©] 3t
S ACISH o] 04mmE 7|Eo® WekstH f=3154/
3)=420 MPa)= A9 So] 420 MPa(6O ksiy& 2]v]
Al ok o] ACIS] 55 420 MPa & = 7R
Z2] KS D 3504:2011°7¢] wa} SD400 743(%7J)9i
HE Zlo] gElFola, o] SD400 7 A9 dEHL
400 MPa o]4to & FAEo] glomz ACIH 7Ho] 420
MPao| o}zl 400 MPas @%o}al of & Zlo|th.
wEhA] KS D 3504:2011¢ met SD400 &/ H2o]
Wi X ETHE =400 MPa©] 32, f£,=(2/3)f,= (2/3)400 =267
(MPa)e] =, wrefell e F2AA7|EH o] #+49%
03mmE 7|FoZ 212 HPAZITHE 267 x (3/4) =200
MPao] o} wabA 2 (14 vhx3 o] Ed = ooF
& Ao|th

200) “25¢, < 300(200)

N N

s = 373( (15)

422HHE 2 FUZE 03 mmI|E
ZABEFZAAZIEH LIt FRAAZEHNA)
200770t O1AE 2 ojHell= dFe] W A
o] F2lo] r W] YEe ew Mo, 2
o] A A3 (Gergely,” Darwin,' Oesterle”y= H2¢]
2ol UWkAQl AbgelE el FZgHAA WA=
HH A#LGEH AFA Aol vk AFetal, =&
oA ZAZE A FE€FHT FAYES 4, 4
A3 o ¢ FEg &
= e ¥ $asiuuA, 39 —?i*éﬁ]ﬂ% 2003°]
TFREJE A o] F2 gt =
3 A gk S 8d gL AAIStAA FEA
olE flg FHZ] wiX gk #A8 +F
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H—Ei A7l fgk xdolgta AFshHA AA7 A
2 Frosch?] ¥&H4 #ERYAS 7|FSE H4¥9F 03~04
mmE 7|£22 FEd Ao AHEa Atk
oA dWe FEEF Az Foe MR Adud
AZF itk AFstaA s - o s dele
QA FxAA7FE 20037 &8 FEE 7](0.3 mm
9} 0.4mm)EANA AHHoE JAT 03 mmE 7|EL
2 2 (142 AN Ut
ZA4A 712 20077914 2] (14)2}F 2ol #9% 03 mm
—';— Z|Eo® B e 1WE S JEZ aAE 44
oA Ao Ted] FHZ Ho 1H4 S Algheted]
oEdteE HAHETEY Zo] Wi ¥ He & 4Eo]
ofuel Fi wAlg o Jhe] #EE fFE)S 5417
7] Bobe 2388 v e #AES WEste] AFA
EoA AP EFS F & dE 245 YEST Atk

T2 A 71Z(KCI) 20033 2007 2 ACI 318-059]
GAlo] AAE BHlwatr] fEiA ATl 7 7t
= HA2d S AR de= FEISE D25 A2
o] MiXHJYTIL Ko}l d.=c.+12.72 ALFEAT. Fig.
79l F2AA71E 2003(0.3 mmet 0.4 mm), ACI 318-
05, 183 FRAAZE 20079 FLEAY] BAE 2
3L AT

ACI 3189014 ¥ Ho o577 &l Hote a4
271 A EANA 75 mm3 in)°] L FHAZE Ao}
AR2A A 9.5 mm(0.375 in)E FAHH UL, ool T
ste FRAAZIE 2007904 o] #E°l 2 80 mm
o} 10mm=z =] At WA Fig 72 ®7] 3l
A BEEE 7t2EY 7P 7tee E29 D10 &2HY
o] WiAF Yt 7Pt FHEFA .= A H5TFA +
10 mmE AAFsAL, 3E557A47F S715te] wep dwht
o] 7+Ao] asle AL He o] #dAAtelER F
O EEAE vy gLy 2o

ACI 318:

HEF7 75 mm, c,

TZAAA7IE 2007:

I EF7 80 mm, ¢,=95mm —> S,y =58 mm

wEba] gieke] FHZOZ D25 HEL wix|doia )
W, A2 $744L8 717F 168 -25=143 mme} 58 - 25
=33mm7} o], A2 740 04mm 715 Wl
HIBI A 23%(33/143 = 0.23)41] HA] &=

Aol 79 £He gk 44 H%éjiﬁlﬂt 5.3.2(1),”
ACI 7.6.1°1& 25 mm, A9 TARAE d,) ooz
T3k oA ARG 4/3 o [TRAANFE 2.2.1(Q2)
@, ACI 3.3.2]0]0foF gt} wpebr] FHZO R SrofA| 9
2ol D255 wiX|etaL, HWAF 20 mm FSZAE AR
shthar 7y st

29 HAa —?7}73. =Max.(25 mm, 25.4 mm, 20 x 4/3
=27 mm) =27 mm7} €t} WA ACIIA = E2E W)
A 5 e oA HHATE 27~143 mmZE A o
F7F JAT, FZRAAAZIE 20079014 27~33 mmE A

oo mx oN

s

=85 mm —> Sy = 168 mm

Nt

386 | = A0S
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o] {7t fle Aol A St} oY sk A
71 20079 39 A= ST ES IFEFA 100 mm
73T [Simay =21 mm] — 25 mm =—4 mm7} =o] A

< BE WEA7IA BT Bk oy A= H
gl ek olgA A FAAYE

e olv] EAstd 71Ee] s
| 2 5 gl
e 1 SH BN dS A7
A "o FHNAS
delohd ofefo 2t

(1) T2AA7IZE 2007: 5.4.1(4)7 04 LB A9
I EFAE 20 mmolth. wEbA A (14)0] S Y st

HoEy e
o =Y
i

jud)
=
2

B3
x 3
rmrnrim
)
oi
O

32 ¢
o
ok
o
o @
lUZ

210
375( ) 2.5(20) = 245
s(max) 267 ( ) (mm)

<3oo(210j = 236 (mm)
%7

() AP HAA T Z(1,000 mm)ol e A 000

it s= EHEAME g FTFHRY HIU)S SHES
2 wxses
Ay ayAp=11X 2] 7N =1,000/s (16)

S= (I,OOOAb)/AS(_/IR__LoL)

(3) FZ2AAZIZ 2007: 1023279 & S B A
Aol FAAL AFIHAME= 5,09 = (2 h, 300 mm)
olalw slejof ghriar FA AL, o7 he S He]

o
Aol 1 EHe] FAE HA 100mm oFoR

(4) F2AA7IZE 2007: 63.2(4)7NA Ao R B
AEe A2 HA dHAL 5 - 25 T 744
= 83}

S wakok SEAL £,=400 MPa ©]3R1 o]FH & Ab
= gl Bl HZH] 0.002 ol/FS viA|steiof Frhar
T3, Ay = 0.002bh = 0.002(1,0000h =2h 7} H T}
oA A (16)e v 29 ot 22

Stmaxy = (1,0004,)/4 = (1,0004,)/2h (17)

s(min)

Stmaxy = (5004,)/h

Zh Ao A #AHE AR Hastr] flsiA
FuEd 269 243} o] L#HEe 4 h=190 mm >
IOOmm(ok)E 7Hsta, A2 2= DI3 H2(4,=
126.7 mm, dy=127mm), f,=400MPa, f,=27MPa,
w,=14kN/mZ 743}, d=190-20-12.7/2 =164 mm
7t "t

Ao FH7EA0] 236 mm olE 7t 7] YsiM e 4
(16)11 4 A(AB_ > (1,000 x 126.7) /236 = 537 (mm’)/m ©]



olofol gt
AN @ = (A/bd)([f/for) = [537 1 (1,000 x 164)]
(400 / 27) = 0.0485

M, = ¢f.ibd’[o(1 - 0.590)] = 0.85(27)(1,000)(1647)

0.0485[1 — 0.59(0.0485)] / 10°=129.08 (kN-m)

1‘%}?@} ZH B ARUNE AFoA Hel 3737 o
A A WA R R o2 BRE M =e,/%/10
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