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An Examination of the Minimum Reinforcement Ratio for Reinforced Concrete

Flexural Members

Seung-Won Choi'™

Abstract: The minimum reinforcement ratio is an important design factor to prevent a brittle failure in RC flexural members. A minimum reinforcement
ratio is presented by assuming an effective depth of cross-section and moment arm lever in CDC and KHBDC. In this study, it suggests that a rational
method for minimum reinforcement ratio is calculated by material model and force equilibrium. As results, a minimum reinforcement ratio using a
p-t curve in KHBDC is evaluated about 52~80% of recent design code’s value and it induces an economical design. And also, a ductility capacity
in case of placing this minimum reinforcement amount is evaluated about 89% of recent design code’s value, but ductility in a member is 7 or more,
so it has a sufficient ductility capacity. Therefore, it is judged that a minimum reinforcement ratio using p-r curve has a theoretical rationality, safety

and economy in a flexural member design.
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Fig. 1 Distribution of stress and strain
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Table 1 Minimum reinforcement ratio for each provisions

Provisions Minimum reinforcement ratio, p,;,
CDC, KHBDC for ultimate 025fy _ 14
limit state 1, —
ke 02677 > 00013
for ultimate limit state y
KHBDC, EC2 for service "k etm
limit state o f
CDC-rec" o lo‘szy— 0.72— 22 (ﬁ)]
7y Vi \d
Q 2 Bfam [ B
KHBDC-pr” o [1— — o (—) }
i 26 3 afa \d

1) using an equivalent rectangular stress block of CDC
2) using a parabola-rectangular stress-strain relationship of KHBDC
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Table 2 Analytical results of minimum reinforcement ratio for ultimate limit state

Minimum reinforcement ratio, p,

min

(%) for d/h=0.8

In f, =300MPa f, =400MPa f, =500MPa
(NPl ISIE]SD‘% EC2 CDC-rec” KHBDC-pr” ISP?]SD‘% EC2 CDC-rec” KHBDC-pr” ISS]SD‘% EC2 CDC-rec” KHBDC-pr”

30 0467 0326 0.360 0.312 0350 0245  0.270 0.234 0280 0.196 0215 0.187
40 0527 0395 0414 0.369 0395 0296 0311 0.276 0316 0237  0.248 0.222
50 0589 0459  0.462 0.428 0.442 0344 0347 0.320 0354 0275 0278 0.257
60  0.645 0484  0.506 0.483 0.484 0363 0379 0.362 0387 0291  0.303 0.290
70 0.697 0517 0.546 0.534 0.523 0388 0410 0.401 0.418 0310 0328 0.320
80  0.745  0.545  0.583 0.583 0.559  0.409  0.438 0.438 0.447 0327  0.350 0.350
90 0791 0571 0618 0.630 0.593 0428  0.463 0.473 0.474 0342 0370 0.378

Minimum reinforcement ratio, p,;,

(%) for d/h=0.9

fuk f, =300MPa f, =400MPa f, =500MPa
(NPl IESED‘% EC2 CDC-rec” KHBDC-pr” ISI?;D% EC2 CDC-rec” KHBDC-pr” EP?;DS(‘Z EC2 CDC-rec” KHBDC-pr”

30 0467 0326 0.283 0.245 0350 0245 0212 0.184 0280 0.196  0.170 0.147
40 0527 0395 0327 0.290 0395 0296  0.245 0.218 0316 0237  0.196 0.174
50 0589 0459  0.364 0.336 0.442 0344 0273 0.252 0354 0275 0218 0.202
60  0.645 0484 0399 0.379 0.484 0363  0.298 0.285 0387 0291  0.239 0.228
70 0.697 0517  0.430 0.421 0.523 0388  0.323 0.316 0.418 0310 0258 0.252
80  0.745  0.545  0.460 0.460 0.559  0.409  0.345 0.345 0.447 0327 0275 0.275
90 0791  0.571  0.486 0.496 0.593 0428  0.366 0.372 0474 0342 0292 0.297

1) using an equivalent rectangular stress block for CDC
2) using a parabola-rectangular stress-strain relationship for KHBDC
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Table 3 Analytical results of minimum reinforcement ratio for service limit state

Minimum reinforcement ratio, p,,;, (%) for d/h=0.8

Minimum reinforcement ratio, p,,;, (%) for d/h=0.9

[hj](iia] fy =300MPa fy =400MPa fy =500MPa fy =300MPa fu =400MPa fy =500MPa
KHBDC EC2 KHBDC EC2 KHBDC EC2 KHBDC EC2 KHBDC EC2 KHBDC EC2
30 0.420 0.502 0.315 0.377 0.252 0.301 0.420 0.502 0.315 0.377 0.252 0.301
40 0.499 0.608 0.374 0.456 0.299 0.365 0.499 0.608 0.374 0.456 0.299 0.365
50 0.578 0.706 0.434 0.529 0.347 0.423 0.578 0.706 0.434 0.529 0.347 0.423
60 0.653 0.745 0.490 0.559 0.392 0.447 0.653 0.745 0.490 0.559 0.392 0.447
70 0.724 0.795 0.543 0.596 0.434 0.477 0.724 0.795 0.543 0.596 0.434 0.477
80 0.791 0.839 0.594 0.629 0.475 0.503 0.791 0.839 0.594 0.629 0.475 0.503
90 0.856 0.878 0.642 0.658 0.514 0.527 0.856 0.878 0.642 0.658 0.514 0.527
1.0 10
— 09 —=— CDC8KHBDC _. 09 [—=—coc |
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Fig. 8 Cross section details and loading scheme
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Fig. 10 Analytical results of yield displacement
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Fig. 11 Analytical results of ultimate displacement

CDC & KHBDC CDC-rec” KHBDC-pr?

by el p o %] n panl%l p %l g
Exp. Ana. Exp. Ana. Exp. Ana. Exp. Ana. Ana. Ana. Ana. Ana.
300 - 0.645 - (12.6) - 0.484 - AL7)  0.466 11.6 0.444 113
400 0496 0484 42 10.4(102) 0316 0363 34 85(93) 0.350 9.2 0.333 9.0
500 0.405  0.387 59  9.9(85) 0248 0291 47  50(7.6) 0280 7.8 0.267 7.6

1) using an equivalent rectangular stress block for CDC
2) using a parabola-rectangular stress-strain relationship for KHBDC
3) () : displacement ductility using an analytical minimum steel ratio

J. Korea Inst. Struct. Maint. Insp.

41



I Aol ARE HaEInE YERiIAL, b E 2
= YR oo, M9 ol thet A3 gke] = H

kol
= 3838 0] 400, 500 MPag! 7-3-o)) thejA= A H
H HAHEIPE REGste] RAREE s - o= 1)
St} S, CDC2FEC20] 93 A = A ol A A8 &
2F 8= Aol 2% HaF v} opd Ayl ALg-H
FH s Tv)oth Fig. 10 © Fig. 11 ZH2F 38 i 9j o} I3
W2l 34 Axg UeRd Aotk o|d, £, =60MPa©]|T}.
5 Lo 53k Wl el Rkt A gk Apol= H2Y
AA 9 A A9 FEFE} ShAFEES] Ao Hekd
ot &, siAAldlE de] SPAEES 2.5%=E 7SR S
U, AA Ae] S3hAY EL o] Bt & 4 917] wEolth
o S|4 A3 B9 vk 232 E Euk 7t opd
o] gt &, Ao My Eo| WA A |IEE<]10.0259]
Tt o 2 Bshs Ao 2 Yebgth 18] ar 4ol ¢
S HAFE IR R E AR EE A E ), T F7)=
KHBDC 9} CDCol| 93t gto] 71 A1 pr=Ad& AHS-3H A
T HAARETE 7 FA YETE S, pr3adg AR
H A E==KHBDCL] A =2 9F89 % 0.2 1
bt ey MY A == A a4 thdoll A 7.6 o) o
Z PY7IEATE G o B I EZIYE F2E HAaUA
A= 3 0|40 & A A (Park et al., 2014)5) 3 1, R A
AE 13 A& AR ET s HollA Had 0 2 X =
HEA A A4 TEo] TR e ¢ F Utk 53,
A A7 HAETE wi )" FA) Bt ofye) &
THA Y SEES Y pr3d-E ARSI A E HAE
THZ HiX " FA A SRS AATHES Hols Ao

s,

43 AF3w|o| Hok

Qb Aol 4] 24w B v} o) 2t AA 71 B A & mle AL
I H2AZH A PRAE BE B0 2 Y%
£ WEST A0 R A4 5HS Fusa e o
% QT 53], prAl S AgShe] AP E BTl W
A PRA ) A9 SRS DY $HL RAShT, HaAIY

2 & A 71zl A AAIZE Zholl BIs oF 52~80% TEoE

il

or
ol
il

12, mHlE Bdo] 5 ¥l 27] Soll Tk 7Hgol
T el AR o] gl A9 AR 2
BAE 54 olg o Hauou g AHs

74219l PP e BE el g 38 ) 5 AR

o YGE 583 12T 5 Ak ol&@ Hel A CDC

KHBDCoIA] AAISL Q= 5714421 $8 8% 2 par

ofr
-

z
%]

0%

o
@ (o
%

‘1)1‘ ol

P A= = R B - U= A o
my)

42 FRPESFICLSX|A2|5EE =2F] M2 HM6Z(2017. 1)

FAE ARSSle] HAHINE AT e Ao s dd
%11, o] AFollA= vt o] A 2 kA
T = HAaFE ) AA ol tigh kS A|Qksh T

CDCY] T7HIAE SHE5L Se/dH R & 82
U= A B 2AM AADGEY H4LH 0 Aol = 28
4= AT AR A S Aol = A 2o w2t} o] of) W,
KHBDC] pr=5Al-& T o] A7 =, Ad ] 8k oy
2 AHEA Al e A8 = o] SHEAGE F ARESH

=, 340 QBT A Bl e B SRS e
210 & PeETh

e

ry

o] ATl M= ZF A 7)ol A AAEL e Had

] 4ol tiste] 1Est T ZABE ISR, AT T

S 9 05 5 v ol thet FaFS A B3ttt o] & 53l §

21 HAH N A ol tiste] E4313th o] &

2 55 =9 232 e okshd v 2t}

1) SeAE A HArETv e AT F=e) 95 7
nl&of BAIGlo] f, < 60MPa’l 9ol prIAlS AHE-
g 799 HadnrE 7 2k A 02 e T

2) F3EAEll A CDC 2 KHBDCS} EC20A = J &
F9] FEFES v shA] Xk L KHBDC S| pr 541 2
CDCe] S7HANAE SHESS Ball HAHIHE 4
A Aol U FFT 1HT FJdEHoZ
Epstt

3) praAS ARESE H2d 1= CDC 2 KHBDCO 9] %k
HAaA T 9] oF 52-80% 0L, A4 L °F89%
TFEoE AAEHAJT Y prad S B3 HAaHE ]
X E A AN TE oF 76 o] o7 ST
4 T8-S VAL e A S E et

4) S7HANAE SHESS S H oA S AR o nt
AHE-E= Bdo|t}. o]of Hial, pr A2 T S
Rtk opleh, A3 g #EE 59 4P = ARSE - Q)
o} 53], pr3AlS Bot] AAFAEE AHYskar o] #
o] #EFARUNES} FUH =& HIHE HAEHIH
AR o2 o| 27 Fe A Ao kA & AAA

& BN V=Y 5 9l 0= by

L
4 oo ol

_,,
2



References

European Committee for Standardization (2002), Eurocode 2-Design
of Concrete Structures, 120-121, 153.

Kim, C. S. and Park, H. G. (2010), Longitudinal Reinforcement Ratio
for Performance-based Design of Reinforced Concrete Columns,
Journal of the Korea Concrete Institute, 22(2), 187-197(in Korean).

Kim, W. (2015), Limit State Design of Concrete Structures, Dongwha
publication, 265-266(in Korean).

Ministry of Land, Infrastructure and Transport (2012), Concrete
Design Code, 101-102(in Korean).

Ministry of Land, Infrastructure and Transport (2012), Korea Highway
Bridge Design Code(Limit state design), Korea, 5-12, 5-44, 5-72,
5-77, 5-78, 5-110(in Korean).

Paik, I. Y., Shim, C. S., Chung, Y. S., and Sang, H. J. (2011), Statistical
Properties of Material Strength of Concrete, Re-Bar and Strand Used
in Domestic Construction Site, Journal of the Korea Concrete
Institute, 23(4), 421-430(in Korean).

Park, S. J., Kang, T. S., and Moon, D. Y. (2014), A Study on the Flexural
Minimum Reinforcement for Prevention of Brittle Failure Specified
in KCI and EN Codes, Journal of the Korea Concrete Institute,
26(2), 211-218(in Korean).

Received : 06/01/2017
Revised : 08/07/2017
Accepted : 08/31/2017

2 X:HZEZ HE%HXlH&] SFTHE R

lHN%ﬂEAié:H e} fra ol sl
A2 E3) gazj_iJJ*élﬂ%ﬁ@fQ# A=

75._,111:1]‘_3:]7(}] AA) 71Z0l) 93 H4H T4 2

3k H Ad ko] wix g A o] A 5L R A 73l &5

R

)
5 BT Wb Ak EEAE UL B Had o

& 4 Qe Ao Yepgr,

A gl  H2ATN, FANET RS E ERUMATIE ERALY

>

CCEEEEE]

WA e Fag A Attt I EF X&) EEnAAVE
TR E ol t) gk 71 & Bl AP EI ATk kA o] AT M= A5 2l 3o 5y
W& AIRISHATE AT A E2 AR 2E- ALY F

0F52~80% T2 2 AP o] AAKR A 7Fed Ao E Vet =gk AR 2ES F

e B AHE Aa

b gke] oF89% FE O HIIE L O, FA o] AP E=T oo R SRRt
A 2A 9] o2 el g Rt ob e} b B A& R

A AN T

T, VO

J. Korea Inst. Struct. Maint. Insp. 43



