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A Study on the Effective Moment of Inertia Reflecting
Material Model and Tension Stiffening Effect
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Abstract The amount of deflection is an essential factor to consider in reviewing the serviceability of
RC flexural members. In the design criterion based on the Ultimate Strength Design, the elastic equation
using an effective moment of inertia was used to calculate the deflection in flexural members.
Accordingly, in the KCI 2017 and the KDS 14, an effective moment of inertia was obtained through the
formula proposed by Branson based on experiments and experiences in accordance with the existing
strength design method. On the other hand, given that Branson's proposed formula is the result obtained
under a specific load, a method is needed to calculate the effective area moment of inertia that can be
applied generally. In these design criteria, the material model and tension stiffening effect are presented,
and an effective moment of inertia can be calculated analytically. Therefore, in this study, an effective
moment of inertia was calculated through an analytical method using the concepts of curvature and
effective curvature, and compared with Branson's value, a reasonable method for calculating the
effective moment of inertia was discussed. As a result of the analysis, the effective moment of inertia
showed a large difference from the current design standard value when using the 1st order form of
tension stiffening effect, and the effective moment of inertia through the concept of effective curvature
was similar to the current design standard value. By contrast, the load factor showed a difference in the
amount of deflection. Hence, the application of the appropriate load factor needs to be reviewed.
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Ol AL AAHE 7|Hto g ol% Aarnds 715t 2
FYEFZ 83]7]22017)(KCI Model Code 2017, ©]
sk KCI 2017)[21& AA dAe= 277K orea
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o] ARGE|IL Qltt. KDS 14+ 712402 iAo
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Where, M, : cracking moment, M : applied
moment, /, : moment of inertia of the gross

cross-section, 7, : moment of inertia of the

cracked transformed section
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Fig. 1. Concrete compressive stress-strain model
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Fig. 2. Reinforcement stress-strain model
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gk ofet ARESHE TAoA1S] T sfjAdo] Y@ oR
7Fssitt. olof o] AtolAls p-r FAE ARESH T
e Eof FaTH2A HHES AMYsth &, pr
TA AASHEINE wrgste] Eq. 3) o] FSE
1/r& AR & 3(Fig. 3), ol25E B3E 24
FRAE M2 1/r=M/EI o] BAE 2082 Eq. (4)
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M
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Where, ¢, : compressive strain in extreme fiber,
€., . average steel strain considering tension

stiffening effect, d : effective depth
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Fig. 3. Correcion of strain distribution for the effect
of tension stiffening

Aol HFHPE ¢, CEB-FIP Model Code
1990[9](°13F MCO0)ellAE Bq. (5)E B3) APgsta,
F2FIE 2 (Burocode 2, °Ist EC2)[10]914+& Eq. (6)
3} Zo] A3t} 18]3 KCI 20179 ¥, KDS 14
9 KHBDCOlAl= MC90# 5Lst Eq. (5)9] A543
I8 B9 #EEE APgeitt. 28y KHBDCOA] A
A& APge di= Eq. (09 2HiASE F8&5ta Sk
Egh KCI 20172 KDS 149141& A 5,5 sH54H
of w2 W47 ofd A7) 9 WHESHEQl H9-9] 0.42

IS ARSI .

_ fso fdn
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Where, E, : steel modulus of elasticity, f,, : steel

stress, f,. . concrete effective tensile stress, p, :

effective steel ratio, 3, : integration factor for the
strain distribution(0.6 for short-term loading and
0.4 for long-term loading), f,.: steel stress at
cracking, 8 : coefficient which takes account of
the duration of the loading(1.0 for single,

short-term loading)
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Bransond] SawHH2AIRHE hab oF o] 34
datol| o3t gk vlwst] fisto] Table 10049k 22
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Table 1. Analysis variables

S MPal 20, 30, 40, 60, 90
S, MPal 300, 400, 500
P (%] 0.5, 1.0, 2.0
3.2 feHH2XIZHE ofM A}
3.2.1 |E ¢SZE0| M2 Hat
Table 204% o] ¥7to] GETHAILHIE dj43ES

Branson?] #rell tigt vl&= Ye it Table 29 Z5
Qto] Zke M/MoItt. f, =400 MPaoli p=1.0%
ol AL M/M, =(2.0~4.0)0x I&=HE7}t 2715
o @} Bischoff9] 32 Branson®| &t Kt} A= 7
FE B o 1 Zol= 9 (1~4) %= &t KDS st
A7ES Bransond ol ¥I] £, =20 MPa<l 4<%
o oF (9~12) % ZAsHHLt 2=y £, = 30 MPa<!
Aeol= ol Bl AE UEWy, dSAETt S
gl et F71 vl B $7Fet f, =90 MPadd
o KDS 1st &gkl < (14~19) % A A=At
KDS 2nd sS4zt 3 o]e} fARE A3E Hlou,
Branson®] #oll gt zfol= KDS 1st 314 2] A
o ZA Ueheh ol=d A 4S54 E7 30 MPa
Hot ZAAY 60 MPa Rt 31, & HHE g5
TE B30 Yetd=tl, M2 e FITE AR
o] Z7eL Slth= M2 AT o, KDS 14 si44 v
HE B9 fadwHan A5 Branson?]
o B} 374 APgEo] HFo] AA BrHE 4= gleYy S

=
HES 4

O 7]&cioF & oz wotE
KHBDCO #W#HaZs /de AMST ZAns

KDS9] #Eol| ot s 4gt A3t FARH. 59,
KHBDC 2nd9] a4k Branson® ## ¢=4= 2
71 BA glol fASkGITh ARtHoR HifRIE
Ngol o3t SaTtH2ARAEE KDS sfi4lgtol] BIsj
AR AT AR S BT &, SEREE S
7Feloll w2t KDS 149] 9g5dans vhgst fad
WA EE P FudEd tg & o oF (4~19)
% S7FHAY, oF (20~23) % 1A%, KHBDCO
ot g2 F (1~8) % HLoNA LT=A F7FoH3.
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Table 2. Ratio of effective moment of inertia

fdc [MPal Ratio between Branson's ](, and each design codes
J, IMPa) M/ M,
p % 15 2.0 3.0 40 5.0 6.0
Bischoff 0.98 1.01 1.02 1.02 1.01 1.01
0 KDS lst 0.85 0.91 0.89 0.88 0.84 0.80
400, KDS 2nd 0.87 0.87 0.84 0.83 0.80 0.77
1.0 KHBDClst 0.95 1.04 1.05 1.07 1.06 1.05
KHBDC2nd 0.96 1.00 1.00 1.01 1.01 1.01
Bischoff 0.95 1.00 1.02 1.02 1.01
50, KDS Ist 0.94 1.02 1.04 1.01 0.98
400, KDS 2nd 0.96 0.98 0.97 0.95 0.93
. KHBDClst 0.93 1.04 1.08 1.07 1.06
KHBDC2nd 0.95 0.99 1.01 1.01 1.01
Bischoff 0.93 0.98 1.01 1.01 4.5) 1.01
. KDS lst 0.96 1.06 1.10 1.08 (4.5) 1.06
400, KDS 2nd 0.99 1.01 1.02 1.00 (4.5) 1.00
1.0 KHBDClst 0.91 1.03 1.08 1.08 (4.5) 1.07
KHBDC2nd 0.93 0.98 1.01 1.01 4.5) 1.01
Bischoff 0.90 0.97 1.01 (3.7) 1.01
60. KDS 1st 0.99 1.11 1.16 (3.7) 1.15
400, KDS 2nd 1.03 1.05 1.07 (3.7) 1.06
1.0 KHBDClst 0.88 1.02 1.08 (.7) 1.08
KHBDC2nd 0.91 0.97 1.01 (3.7) 1.01
Bischoff 0.88 0.96 1.00
90, KDS Ist 1.00 1.14 1.19
400, KDS 2nd 1.05 1.07 1.09
1o KHBDClst 0.87 1.01 1.08
KHBDC2nd 0.90 0.96 1.01
Bischoff 1.02 1.03 1.02 1.01 1.01 (7.3) 1.00
30, KDS 1st 1.08 1.08 1.04 1.00 0.97 (7.3) 0.91
300, KDS 2nd 1.12 1.04 0.98 0.95 0.93 (7.3) 0.88
. KHBDClst 1.01 1.04 1.05 1.04 1.03 (7.3) 1.02
KHBDC2nd 1.02 1.02 1.02 1.01 1.01 (7.3) 1.00
Bischoff 0.95 1.00 1.02 1.02 1.01 (6.4) 1.00
30, KDS lst 0.94 1.02 1.04 1.01 0.98 (6.4) 0.94
500, KDS 2nd 0.96 0.98 0.97 0.95 0.93 (6.4) 0.90
1.0 KHBDClst 0.93 1.04 1.08 1.07 1.06 (6.4) 1.05
KHBDC2nd 0.95 0.99 1.01 1.01 1.01 (6.4) 1.01
Bischoff 0.78 0.88 (2.6) 0.96
30, KDS lst 0.73 0.90 (2.6) 0.99
400, KDS 2nd 0.75 0.84 2.6) 0.91
0.5 KHBDClst 0.74 0.94 2.6) 1.04
KHBDC2nd 0.77 0.88 (2.6) 0.96
Bischoff 0.95 1.00 1.02 1.02 1.01 9.5) 1.00
30, KDS Ist 1.24 1.23 L.16 1.09 1.04 ©.5) 0.94
400, KDS 2nd 0.96 0.98 0.97 0.95 0.93 (9.5) 0.90
20 KHBDClst 117 121 1.19 115 112 9.5) 1.05
KHBDC2nd 0.95 0.99 1.01 1.01 1.01 9.5) 1.01
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FAFSERATE. Bischoffe] 32 Branson®] &3 °F (1~2)
% Aolg Hol FEZLO| F FFE WA P= AoE
e KDS 1st 31432 Branson®] #koll vsf oF
(1~8) % AARE, KDS 2nd &gk W= <F (2~5)
% A7 et} KHBDC 1st S143ES Branson®] %t
of H]|5}} <F (4~8) % =3, KHBDC 2ndafiAzk2 oF 1
%] L4t olg HArk. &, FEAL UE fad
H2ARHIEE KDS 149] ¥5E /HdES o8 3+
2242 B IFSARTE ARESE gho] 1344 031:414
PESA IS §HIEE #toll ®IsH Branson®] 74T fAH
stdtt. 18y B4 ESE Adat 2204 FE 1
27 a3+E A5 Branson?] gt 79 ARSI

3.2.3 EZ2H|0|| [ME 5}

f4=30MPa, f,=400MPacl¥ p=0.5%<
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Fig. 5. Distribution of Ie for KCI and KHBDC

A e 1.5 M, 5004 2E siAgto] Branson]
ol mIsf oF (23~27) % ZSkth. 12y e RHEA
THIGSE o] Aol= FolAA FE HHE] TEstH
oF (1~4) % Aolgt WS p=2.0 %ol
MM, <3.09 7L KDS Ist 3|48+ Branson?
Zoll Hlsf °F 16 % ol FAAI9E, KDS 2nd 43k <F
3 % A%k, o= p=1.0%9% Fol= FARFAL
1 Aol o At ol B AHE o 71&9 &
Be} Zo] Au7} 22 FAQl 49 | AAVIE
Branson®| A& AMGSHH AHidog & fadH2At
HHEZ} A= ol whet AR AHA BrHE 2
7F S & S qUnHsl.

3.2.4 AFSZEUY| ME Hat
AubRom 1344 Feie] IHSHAIE AR Fol
2244 gefe] QRSFATE ARG gl

v]3]] Branson

§ r b= v v ¥ v
= o
S 0
§095 e
== —=—30 MPa
0.90 |- s =K
¥ -0--40 MPa
0.85 -
--%-- 90 MPa
0.80 L L L L
1 2 3 4 5 6
M/Mcr
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A FEATIL FE Aeole W2 skedA 181
A FEALE =5 dolle =2 stedAlA 14
o] w2 faTH2RHES] Zjolzt AA UEl
o}, L Ao disiA= A¥kd o2 KHBDC si4go]
A Jepdth Fig. 4(b)olAet 2ol E23HE AS57=
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FRT Eq. G)°IA Alg= p= stsAdEel ot sk
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SRS A & AL A E HEgste] 3]
A& ARttt I @A AA7EAE A
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