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Figure 1: Flexural strength reduction factor according to ACI 318-19
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Figure 2: Histograms of design variables for the investigated sections
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Table 1: Considered material design variables and their statistical models

BIFEF Okl wps oyl o ps . .
& - Hlade >k e
&bl (Cv) *)
NF VY Yo
V¥ VIYS ¥
Ly el Jbys SNY VY ' (b)) o (6 5Lid Canglive

IV VI E 00
e VY Vo
oleY \TARS fY. Lo T oY ed 5 Celio

VAl L LPeyl 9¥ 9 r‘>-1:~4 9
g Ve A NE (JBb o)

LT bl b o of pod as ouisasd )8 i 4o owiid >y b yutio :¥ Jgar
Table 2: Considered geometric design variables and their statistical models
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Table 3: Statistical parameters of modeling uncertainty for flexural strength in beams and columns
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Table 4: Statistical parameters of loading uncertainty
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Table 5: Target reliability index values for Risk Categories Il and 1V
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Figure 3: Variation of reliability index versus gravity load ratio for a strength reduction factor of 0.90
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Figure 4: Variation of strength reduction factor with different design parameters in RC beams for Risk
Category IV structures
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Table 6: Sensitivity analysis of different design parameters affecting strength reduction factor in RC beams for
Risk Category IV structures
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Table 7: Proposed strength reduction factors for RC beams in comparison with ACI 318-19

f/ (MPa)) ¢ g Lid cuwglio
ACI 70< 1, 40< f; <60 25< /<40 (MPa)) o 5 9
318- (
19 | p>05 p <05 p >05 p <05 p >05 p <05 (P.) e 595La,T dus
<4 <130 <130 <130 <130 <130 <130 Sk 09,5

I
A “IAD A “IAD NETN <IAD NETN SRS 05,

IV
Ly LN LW LW LW LW LW G iaditd

et

- - LY - LY - LY Sk 09,5

IV

40,1 o SBygim (oituod ungliin (alS o pb — Y'Y
Hlogad laol ¢ 8 asline el oo plosl glaze adgl >l )b Slastin b ygiw Yoo o gl lawebl ol Jdow s al> o jo
oL s ol 5 ciloais sols 75 ¥ idu 40 aS asbnl ez Cwglie talS ol o8 b oliebl cublB a3l

\f



lopls g (helaitae @blie sl 1) )b Cumd g Gliebl bl at s (o alal ) 8 S5 0l (o g o 5 BliSe gbolie (sl
g ol 5 Selite Baw luabl CulilE by asls a5 T Cde 4o o olis JpuS— aiS g Uil s lad el aw s
O Jsoz @lhae) BGon luabl culils slaasls B S5 sl loges 5 iloadimms 5 oz 15 b loges g oo 438,5 L5 1
3 L slaans @l Sea> s (gl iloaionls Giules st ol o baggin i byl Cons gl o)L ol o &
alol [¥#] Gl il slaws g Slaseine b ao,l 0 o5lo VY ies sla S (59, p 00,58 Judow G oo o5 aulie La g
AL IOy e Gl o M)TQ,’J.; sygiw sies X 6ly D/D+ L Coms 141V Jlzl b QT Az 0 A5 Sl 0l

RPN

0

= EER =
7 —— Target Reliability Indexes i —— Target Reliability Indexes. —— Target Reliability Indexes
£ D i Ej D ]
P : /_“//J
z5 ‘ e
4
s — i e mmmEE
0.0 0.2 0.4 0.6 0.8 1.01.0 0.2 0.4 0.6 0.8 1.0 1.0 0.2 0.4 0.6 0.8 1.0
D/(D+L) D/(D+L) D/(D+L)
Tension-Controlled Transition Compression-Controlled
8
= Min. = Min. = Min.
—— Max —— Max, — — Max
7 —— Target Reliability Indexes = Target Reliability Indexes —— Target Reliability Indexes
/—//
£ @ = @ @
:
4
3
0.0 0.2 0.4 0.6 0.8 1.0 .0 0.2 0.4 ‘ 0.6 0.8 1.0 .0 0.2 0.4 0.6 0.8 1.0
D/(D+L) D/(D+L) D/(D+L)
Tension-Controlled Transition Compression-Controlled

d..ebu.uT Cwoglio gl o gl p (A Hb Cond (wlal p giw loebl Colbld s ls Ol s 0920 :0 S

Figure 5: Variation of column reliability index versus gravity load ratio for the code-specified strength reduction
factor
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Figure 6: Variation of strength reduction factor with different design parameters in RC columns for Risk
Category IV structures
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Table 8: Sensitivity analysis of different design parameters affecting strength reduction factor in RC columns for
Risk Category IV structures
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Table 9: Proposed strength reduction factors for RC columns in the tension-controlled region compared to ACI
318-19
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Table 10: Proposed strength reduction factors for RC columns in the transition region compared to ACI 318-19
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Table 11: Proposed strength reduction factors for RC columns in the compression-controlled region compared to
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Appendix Table 1: Statistical characteristics of strength reduction factor based on various design parameters in
rectangular RC beams for Risk Category IV structures
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Appendix Table 2: Statistical characteristics of strength reduction factor based on various design parameters in
T- and L-shaped RC beams for Risk Category IV structures

f/=75 MPa f,=55 MPa f/=45 MPa f/=35 MPa f/=25 MPa G
AN </AY DARR! <3\ F <Y eSbee
o[eY . N A N A o/eYY RS N Sl Bl
ofe e ofe e ofe e ofee ofe e o Jasliw! glas

oeSibe
[++ [++) [++) e e Olaabl alols
OeSbe
2200<b, <3000 1400<b, <2200 600 <b, <1400 F, =520 MPa F, =420 MPa SN dwd
NIV LAY <Ay <Ay AR OeSlee
STy N34 o]eYY o/-YY </+YY Sle 31l
e ooy e e e o laiteul sls
oeSikeo
[+« [+ [+ ofee) ofee Oliebol alols
oSl
H =1000 mm H =850 mm H =750 mm H =650 mm H =550 mm G Awd
< /Y <Ay <Y AR /N oSl
NS A NS 41 NS 41 JJeYY o/eY¥ Sl 81l

Yy



[+ [+ [+ ofee ofee s lastisl glas
oSl

[+ [+ [+ [+ ofe e Olbaabl alold
el

20<p, <25 15<p, <20 10<p, <15 05<p, <10 0.0<p, <05 (1) (gagasud
“1a-Y AN AN S1AYVY -1af4 Sl

[+\e [+\) o[NY </+Y [++A Hhre Bl ol

ofee ofee ofe e [ee) o o sl glas
Ol

[+ [+ [+ ofee ofee Obaebl alsld
oSl

vf



IV 5520 55 09,5 b (sbvojlu gl do,l o (Ludaimne (sl yginw 50 Lilisio (>1yb Gl yudio 4 429 b Canglilo Jals o pb (5)bo] Wlasine ¥ o Jgux

Appendix Table 3: Statistical characteristics of strength reduction factor based on various design parameters in rectangular RC columns for Risk Category 1V

structures
f'=75 MPa f'=55 MPa f'=45 MPa f'=35 MPa f'=25 MPa PRI
cc T TC cc T TC cC T TC cC T TC CcC T TC iy
JPAA ASY IASY Y A ACE FAY JASD IAD VY SAYY JAVY  eYNA JAYY e AYY oeSilee
[V ) FAY A N [ NE Y [N [N oYY [eYD YN [eYR YD +[eYD e Gl

RS RPN SRR ¢

R T O WY PO £
NP SRS RIS £

RS N O TR PO 4
NTRS PYPON SR

NN RN RS
NN N Y

NN RN RIS
NN AR TN

eSlee s st slas
Oeke Gliabol alols

H =1000 mm H =500 mm H =400 mm F, =520 MPa F, =420 MPa (G diwd
cC T TC cC T TC CcC T TC cC T TC cC T TC g
SIVAY  SAYY e JASA S IYSY G A AR IR0 AV cACA JPAA A AY VY JAY SIAYY Sile
R FNNNEYES (- SNEY LR VARNERVES A GERNEYRS Y SRRV L L UREVES & SRRV ES CUNNEY AL WENEVES 4 SRNNRYER | U CRL SRV O ¢ JNNNRYES ¢ NNRYER 41 Shns Gl ol

B T PO Y P X
VRS SRS S

feeN efeeN ofeneY
RS PO YRS

oreSiloe 5 il sl
OeSle (liebol alols

50<p<6.0 40<p<5.0 3.0<p<40 20<p<30 10<p<20 (1) (Gdgdsmd
CcC T TC CcC T TC CcC T TC CcC T TC CcC T TC iy
IFAY  +IA\ - JFRF IANY  AYe NSY Y IS VY IANE IAYe VAN IAYE <A eSole
[+YF  eeY- - /5 7 NNRYEL SUNNPYES A 2NNRYPS ¢ SNNRYES ANNNRYPL  SNNNRYLR 4 SENNRYES 4 SNNNPYES SRRV § SRNRYES 4 SRNRYPRTA s Gl
/RS SERYPRS S RS SRRYERS SNRRVPSY SENRYERS URRYPRS U YRRS SENEYERS SENRYLRS SRNEYERL SNRYERS SNNNRYERS SRR LR BN G IO RC O Jp [ %63
RS Y - RS ERYRRS SERRYLS £ SENRYPRS SRNRYERS SENEYPRL ZRNRYERS SRR S| X el Y Sl el alols
P/P, =05 P/P, =0.4 P/P, =0.3 P/P,=0.2 P/P, =0.1 S A
CcC T TC CcC T TC CC T TC CcC T TC CcC T TC Camidg
VYO +IAYD - Y=Y -IAf - SN+ IAY - BYE  cIAVe MY ejsde < JAeS JA-A Sl
[YE -)eYD - [N Yy YN eeYS - [YO e [NV efeeeefNE o] e Gl
YRR NRYRS 1N - ERSTRYPRS S [ooN  efeeY - [oo¥ efeeN Y o) Y Sl o ikl slas
RS SRR - /RS SRV P - /RS SRRYPRS - [ooF  fesY  efee® [0 ¥ Sk laebl alols

YO



IV 500y k5 09,5 b sloejlu (gl p 20yl i lo 1o saygium 53 ilisio ()b (Gl it 43 4295 b Ceoglilo (lS  po (55l Wlasine PO Jguar

Appendix Table 4: Statistical characteristics of strength reduction factor based on various design parameters in circular RC columns for Risk Category IV

structures
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ABSTRACT
In this paper, the precise estimation of flexural resistance reduction factors in reinforced concrete beams and

columns is investigated, considering the interaction effect of axial force for columns. To determine the reduction
factors, 6,750 beams and 3,000 columns with various cross-sectional shapes, including rectangular, T-shaped, and
L-shaped beams, as well as rectangular and circular columns, were examined. Different design variables, such as
concrete compressive strength, reinforcement yield strength, reinforcement ratio, axial load ratio, and geometric
dimensions, were considered for these sections. Random analyses were performed using the Latin hypercube
sampling method with 1,000 samples for each section to account for uncertainties related to materials, geometry,
and modeling. Additionally, statistical models of modeling uncertainty were updated using experimental data and
analysis, and these updated models were employed. The proposed reduction factors for various conditions were
calibrated based on reliability indices from the ASCE 7-22 code. The results indicate that, in many cases,
particularly for transition and compression-controlled columns, the proposed factors are higher than the
prescribed values in the ACI 318-19 code. This increase, especially in the design of gravity columns, can
significantly reduce the weight of reinforcement and the volume of concrete (by approximately 40% and 15%,
respectively, in an 8-story building), thereby considerably lowering construction costs while maintaining the
required safety level. These findings highlight that updating the resistance reduction factors and utilizing variable

values based on design characteristics can contribute to more economical and optimized structural designs.

KEYWORDS
Strength reduction factors, Flexural strength, Flexural strength under axial force interaction,
Reliability analysis, Modeling uncertainty.
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