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l. Elastic, &, < g,

R
f 5 = ENE.E'
2. Yield plateau, £,=&, << g, wwbad bbbl
.Jf; = ..f_]l:

3. Strain hardening, £, << £,=¢, w7 JFo8 S a2l

f~ _ f + Uc_f] |:28.ﬂ-_g.ﬁ.-fi_ E;—Ep _:|

A Jy u Jy
E.— &g \E, &y

£, = strain in steel svss yo iy g, = yield strain sbes giss

f, = stressin steel s¥sé 50 a5 £ = modulus of elasticity
— strain-hardening strai ELIUWLIN | g PRV
€y = strain-hardening strain ., o o o "o

g, = ultimate strain s 55 £ = ultimate stress % oo

C. = af .bkd or ef' .bc
b = width of compression face of member
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k =ratio of depth of neutral axis to the effective depth
¢ = depth to neutral axis

AT e s ) el S w55 0 el 5l

1. Betore vield (e_,=¢&,):

o = ﬁ( 1 _fi'm
El:l ._']Eﬂ_.-
2. Near ultimate: When €,.,, < &,
a_ — {‘l('EE{IHF [ l _fl‘."?‘i‘! .I
Eﬂ \ ..']E'].-'

’When EDEE.:-:H < Eﬂﬂi‘

«=celggt + (12 1-Fene)

‘J\ h. E' ". Ef-;_i; ESE O

@ = ""'2[32, + l“if“ Il —%J (1.

Voo (0.2
_EU}_.J + lE .I‘I{E:'JJF_EEU:'}]

£, = the extreme fiber strain of the confined concrete region
¢, =ratio of width of confined concrete region to width of member

c—d'
U2 = - . . .
¢ Z. = stress-strain parameter of confined concrete
i, = ‘pu
: . o= o
Curvature ductility v

¢, =ultimate curvature @, =yield curvature

o = DEs | Eee  kd—d

d(1—h) ST re. €T gt

£ =strain of extreme fiber of the concrete

¢4



o R T
al 6,/ K ’ 7
d
As
/1,
i—ie L] . _1.?3=-'£-y- f:\v et g,}ﬁ:_._._._ fy
SECTION STRAIN STRESS STRAIN
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Stress and strain distribution

of bkd + [ A" = [A

af'c=pfy-p'f's = af'c=p(fy-P/p)f's)
of .k

rrlB)] st

Cal
{};frf-h{'.' + frst r.s' = fuj,As

C=(fyAs- f A L (af'd) = c=(fy- 0/ p) f ) pd/af

{f_,‘.. —,f’_‘_(:%’ ] } pd

2.

¢ =

D3y S Sl

£.

£ =—— X (d—c)=eg,
(18

If g, = &, @, 1s solved by trial-and-error
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£ Ef £ ]

o

e fj_ " V= Re 4+ C
0002\ 0.006, ¢

e
Del, + Ee2, + Be., + C =0

1 I
b= 0.002 X 0.006 0.002

o mean stress factor for the resultant concrete compression force

Ax; the length of the ith element

5% the midpoint deflection of the simply supported beam, mm

£, strain in concrete

£ strain at extreme fiber of whole compression concrete zone when tension reinforcement first yields
Eom the extreme fiber strain of the whole or confined compression concrete region

€ the ultimate strain of the extreme fiber of the confined concrete zone

Eg/m  limiting strain of steel

£, strain in tensile steel
g, the strain of compression reinforcement
& strain-hardening strain of steel
g, the net tensile strain of the extreme tension steel at nominal strength
£, ultimate strain of steel
£, yield strain of steel
£y strain of concrete at /..
E30¢ concrete compression strain when concrete stress has reduced to 0.2/,
He curvature ductility of reinforced concrete beams
p tension steel ratio
p’' compression steel ratio
P reinforcement ratio producing balanced strain conditions
Ps volumetric ratio of transverse reinforcement
o the beam curvature, 1/mm
o, ultimate curvature of section, 1/mm
0, yield curvature of section, I/mm
=
$ & & & & w4 w6
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5( 60 ksi=4200 kg /em’ L5 25 L) Grade 60 sV 5 oV ft 5 0 4 JIs:dls

S dloee [y Sy S L Sl 55500 B b IS 3ullas fTe=4 ksi

(Cracking ): S5, <5 5 al>
E=0.137 W' f'. (o posae 055 ) We=2300 kg / m’
E =15100 Vf'c E (psi) = 15100 Vf'c /N 0.072 ( psi) =57000 \f'.
1 ksi =453 /2.54°~70.2 kg /cm? = 1 psi =0.072 kg /cm?

hX 12«a” 3
I = = =216
g |2 12

E for the concrete is 57, 0004f4000 psi= 3604 ksi

W 342
b e T (000044 = 4,395 5
= .-".'r__;"q 3004216

1 s
v erg N 210 4,

) = =342 kip—in
e v, 1000 3

ot



(Yielding ) : palus al> s

. |_ Lo f ’ -
il A <

d A .

[ N ‘f’
h I sl .
.I.

A

Strins Strcsses

Transtormed vy .

Areas

Dols B35 law Jst KL

x=(bx2 /2 + nAud) / (bx + nAs) = bx2 /2 + nAsx - nAd =0
x*+2pndx - 2pnd? = 0

:ﬁ)‘é"@‘)}d}w&l{
Ceols o bild 0s S esle L

x=kd
X*+2nAsx /b -2nAd /b=0 p=As/bd =

x=kd=d (- pn+V ((pn)* +2pn) )

p= '!a/’w k = JEI.‘JH—l— {pw}z —ph

(0.5 _
d=6—-1-—=4.75"
2

#4=¢12=048inch~0.5 = _Jb,5l,T ki n=E/E

2% (0.2 in” _ 20,000
p= [ ) = (0070 E.J:ﬂ—:h.{J-l
124,75 3604
el 2 (.28 73
'”‘r = L,f\_ .-"_\ (jd)=. J_\.f'] (d ﬁT} = (0.4 in")60{4.75 $}: 103.4 kip — in

€ 009
o =—r OO0l 6 00061=6.1£-4
Vo (d—kd) 3.42

(Ultimate ) : olg > 5

o0



3 |[€—0850
—c e —u
N ® omax \r [%L
T
d . .T.
nihe > —> ./,
I .
Y s Strains Stresscs
A1 'y :
0.4 %60 o
(== = 0.69"
0.857.0B, 0.85x4x12x0.85
e 0.85% 0.69
.'h"” = . !hl,“'] (d [+] =0 4=x60=(4.75 g}: 106.9 .-"ﬁ';? in
6. 0003 o
¢ =—IaX - = —().0043=4.3E-3
. ¢ .69

= 0u=Thy = pp=7
: o= Moment-Curvature ¢l Sus

130
& 100
=
Z s0
-
i ol PRCWY PUTeS (I oles o s ¥F 150
N T N
0,00 0,001 00032 (003 (.00 (10103

Corvatore 1/

Eh



:L;ﬂ;gpﬂ‘p\,;@m)}:uﬂ,;‘uw,ﬁ:dm

I 1 kai 3
L \’

: A
'r i kst -— {1 - 29 ipart b only i

f, 0474 ksi 29

, _ ,

Yy 13200 ™

\ _ Y —0—G 289 (parts a and h)
i 304 ks y Y

“— |15 =
F 00054
P LUOGER ¥a .

Part 1: No compression rebar

toolas b, T 5b 8,8 s s 0 Jl s ()

Cracking
13.310
M ZL{OATM:S?B kip —in
Ct I I
M 573 |
h =—= =1.19E-5/in

o Bl 3604(13.310)

oV



Yielding

=804

k = 4/2(0.0099)(8.04) + (0.0099 % 8.04)% — 0.0099x 8.04 = 0.327

Lk 0.327 % 20
M, = A_f,(d—=)=3.00x 60(20 - ————) = 3207 kip
: . A 2

&

C00021
b =—r =1.56E —4/in

Vo(d—-kd) 1346
Ultimate

AT 3.0 60
0= - =
U,Sﬁft','hﬁ] 0.85x4x15x0.85

. Be 0.85x4.15
M =4 f (d——=)=3.0x60(20 =22y ~ 3282 kip — in=1.02M _
i 51 2 2 3
€ may 0003 :
O =— 70k 4/ in=4.60
“ e 4ls )

My = 4.6

Part 2: Includine compression rebar

Pt sl T S B 8 s s Lpss is (Y
Cracking (as before)

13.310

M =——=""(0.474)=573 kip —in

F 'I'I
‘1;! e b

o ——er_ OB 1 op_5/in

TRl 3604(13,310)

Yielding
nA's [ ] x=kd

oA

in



nAs |

ol pelaw sl 1S 3 8 ks s L
x=(bx*/2+n( Ad + A'id) )/ (bx +n( As + A'5))
bx2/ 2 +n( As + A')x -n( Ad + A'd) =0
x?+2n( p+p')dx 2n(pd* + p'dd’ ) =0

x*+2n( p+p’')dx 2nd*(p+p'd/d)=0 eols ¥ s dslas - U
X:d(-l’l(p"l‘p’)"l‘\/(ﬁzES 5’)2 QIiEE Erdrldaaa

i

k = \/{p+ p’}znz +2(p+ p'%}n —(p+pn

I’
K=0.301
. kd C o kd
M =Af (d-—)+A4 f/(d'-—)
: . 2 2
=t d) o134
Yo(d-kd)y
oty R
M = 3.0><6@{2@—M‘;+2.0x17.3(2.0 —M}: 3238 kip —in
. 3 3
€ T
[ p— _0002T _ Sop—a/in
Yo(d—kd) 13.98
Ultimate

ﬁ)‘)&)w.ﬁyﬂﬁl‘aﬁfﬁb
A, AT 3.0%60-2.0%60
0.85_{:3;[5' 0.85x4x15x0.85

=1.38"

Checking the assumption regarding the strain in the compression steel
b gy o 25,5 03581 Sy b (5L85 3V 6 s 5 5 03 5 S5
] . |::‘ - {-1’”‘

£ =g (
& O IELX

"}:['1.0015:[].?1{—:1.

[

o4



.J}ida}nukg)uésy}ém
Asfy = 085f’cab + A’s f’s f’s = Es 8’5
€'s=0.003(a-Bid")/a &ﬂ;C‘fg,&gw&&f@
T o Sy A 1Y a3 dlasly 6 5 g6 dslan 53 (5, L
0.85f"cba2 + (0.003Es A’s- Asfy)a —0.003Es A’sBid’ = 0

0.85*4%15a* +(0.003%29000+2-3*60)a — 0.003%29000%2+0.85%2 = 0
a=248inch=c=a/0.85=29 inch= ¢'s= f's=27ksi

, P,c , ,
M =(0.85fBch)d - ﬁ#) + A fi(d~d)

0.85%2.90 .
M =(0.85%4x0.85x2.90x15)(20 H%}IE.UXET(EH 2)=3331kip

in



0.003

d} EC'['I]']\
— L2 3

. —=0.0010
. c 2.90
].L[l} =0.7
Compression Rebar
¥ Jguer
No Yes
M, 3207 3238
0., 0.000156 0.000130
M 3282 3331
®, 0.00072 0.0010
Ky 4.6 6.7

« negligible increase

<« NoO Increase

« negligible increase

«— 40% increase

«— 40% increase

P Y B o dlee o o

Calculation of Transverse Reinforcement Ratios

1)

_ Dy Ay) A

]

PF K

5 m’.)ﬂ

SIJ Jlr':Il.l'r



:ﬁ)b(Spirals) L€_>_=:UL: J‘)}A‘)J

o2 3l g el ol "y rA)'\(hOOpS)liLadba\Lplé:Sh @,uclu:Asp

=
:ri)‘-’jéw-’J)‘J-’
>
.............. _”I'_J.
PP B !
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SDEICNREI | o ks,

T
rk I =
- fﬂs -
| . -I -
i "?::EEJ
r;.:h’ﬂ :E;,:'J !‘1 ‘::r:- a0
CEaid ]
— e
I “_= | x
I e _-g:ldﬂ— ?hg]s;l:"
3430031 _ 0.0
e T4
S 422l
254
44 4031
L == 0.0]
\Ir.l'!:l_ 4 - -'
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:(Conﬁnement)Q}Alﬁ-;m)}.mj;‘l:w,ﬁ:db

#5=(16 @ 4 inch & sl

W =132 0n
J"."l' =202 in
=

213
V =——=0.0114

2w
p =—JI=[}.{]|.|?-]-

4202

Assuming an effectiveness coethicient of 0.75

Jie o a0
—=0.75x0.0074x —=10.083
S 4

1 60)
075500114 xm—=0.128
7 ¥

1y

; 1 ksi A
F !

! 0 ksi 249 ;
_.-"; 047 kei 2 P L5 s et 4 anl on cenler
' e 3

- 13,210 in#

- b d T HG
_ w -
L Y04 ki I
= |5 —
[ O, O
P 0.1 K16 T4 Jss

Mote: these dimensions will
violate the minimum cover
requirements of ACI 318
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Lorges! Effechve Confining

Siress Polio

Confined Strength Ralia /1T

1.0 ”H £l
S\
114 I
AR N |
1
——————— ————FHAH L
{ ¥
. Bipxigi—] 1
I
1111 111
o ar 2 03

-, Smallest Effective Confimng ., i .
Fs c RM- Stress Ratio . f}yff"! "Ir"-'. = ﬁ-_f; e 1'["' X -|- = {"'—]- .l':i.'«'n'
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LAlp +p 0S8 1.4(0.0188)60 % 0.1

g — 0.004 4 - 0.0044 =0.028
omax i .4
_ _ 't _ _ 6.4
e =0.002|T45(—==1]=0.002]1+ 5(———1)] = 0.008
L f' 4
L
I.-!
. 6.4
E_ =2 o 27 800 ksi
e o 0,008
FE=37.000 ’r = 57.0004f4000 psi = 3604 ksi
C i :
I _
r= P — - - = |:H
E -E
i S0
E ]
X =——=1235_
0.008 ¢
_ i oxr 6.4(125 )1.28 [024e
.?' ) f— _— - f— = o = = 0
ol 1281+ 0284 (1252 )0
H -
2o
i _ r e ——
=5
N4
2y
u ; I —— Confined
E‘ 3 Unecenfined
] | ’l
4]
(1,00 (.01 (.02 (.03
Compressive strain (in/in) LA -



Sirmin

FPropfig

Bakhoy

Pt

S

"
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B=Loap=09 =009

e L =1.0. E s
. € max _ 0.028 _
& . 0.008

Cracking (as before)

eols S c‘,fb,’ S,

=0.028, and €. = (1,008

-
4

13,310
']”r,_-,r e 1(]‘—1?-“ =573 ﬁ'j;,l in
M 573
== — =1.19E =5/in
et El F60H13. 3100

Yielding {as before)

n==8104

k :J{n i rJ'}ln
L kd —dh)

==
‘ (d —kd)

M =3.0x60(20

¢

T+ 2p+p'—n
{

A

Eyo 00021

(.301x20

r

[

=173 ksi

=1.50F

v ld kd) 1398

4/in

1y

j+ 2.0x17.3(2.0

ip+pn=0.301

(0.301 =20

)=3238 kip

i



Ultimate

) I.k -"Ir.r

b=132" & 4d=191"

[
3.0=60 536"

L=
f b,

0Y9«<64=132=«1

+ no change
<« no change
<« negligihle change

< increase by a tactor af 17

[4,. [
M =(af Bebld ——=)=3215kip - in
£ .02
0, =—2 =208 00119 wy =79
o :j.--.
W
o
r ¥ 7
L7 F s
7 Z
1,,_ -“ I3 ties a0 4 in. on center
-
FY s
W T—0—0 Y — 149
4\
“«— 15 —>
Conlincment
T Jgaer
Mo Yes
M 3207 3207
P 000 | 36 0000150
lfr 3282 3215
y 0.00072 00119
Utb 1.6 70

TA

<« Increase by a factor of 17



Sl 35 kst 6y K8 5T 55 S ) pamn 36 et o ey

A

4
o\ e
u( M

!' Axls of zaro sbraln
&,

e

kd‘

E

dx/R=s.dxlkd=gdx /{1-k) d
¢=clkd=sI{1-k}d=(s+ &}id
¢=M/El 0.5 gly s sl8; a8 L

:P”“ bas | e MJT&:{dajA):j;)}ﬁ-dijTJLﬁ"“iﬁowu&“i‘)é”‘.w“‘

AL e SR Ll G g bl ille 5 4l JRalS
@A)JJ?}AJY?}‘@mﬁ.«;;))?g{fj‘)‘@%wm‘)'\’&dﬂjﬁ)b)

53 Oles i1l Wl o Sl T8 ast Olen &8 das o 5y Slo Lol o it 505

‘_slﬁ-bCJ.A‘L;jjl{J:bA{Jﬁf@Q)}.pLg.,\;fau.(liu&i\

(due to internal lever arm)
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=

SneE gl o i Do g S 8 SV ) s M - ¢
sh ) geame o8 4 ES53 5 LB 5l b S ) K Bl (0 33 “HelS g0 o 3
A8 o 5T el 1 S S i e o)y AL ol a2 ST LSL
ézaﬂﬂ;\h}i.:,\;;,j\ Olirebl (12 5 a3 go 5y Ll —Oles ¢1ﬁg;,>@\£uum§,
Sl ST SVL L Ol e like S15Y B luRe Ll

Sl & le Lol = Oles ol Sbs o1 o

(cracking) S5, oS 5 -)

(Yield of the tensile steel )s¥ 5 (s al> 0¥

limit of useful strain in the concrete - olg 5,5 Cusgdoe a0 -

5 fc E
5 first yield of steel ————7_‘_\‘
= | -
.
Y FF "
firzt crack, T4 JS““'"‘ I |
I
| .
curvature A . e

AB: fc =f'c (2ec/ go— (ec/ €0 )?) BC: fc =f'c (1-100 (ec- €0) )

2.2 . :
k= Jp+pyrn +2p+p —fln (p+pn

_” l!.' ( ,-'5,I":|= Jl.fllLl" Kl \
_'.' [ & .| -J.I
£ A S, A
[|1 __F¥ = —_—
v i — ke {]-h."‘__."_'-'l-‘ll
o ¢l OR a=(As-A%) fy/0.85f'ch
IIIlrr_ll'l'ﬁ::"Lpl"'lII |JE|L.I . "I: "‘.Illi". o'l
- Mu = 0.85f,cab(d'a/2)+A'Sf’s (d_d/)
B L
I.IJ , — kil E,':_ _ 3 ( L a |
¢ C ec (1- p1d’(0.85f'cb / (As - A’%s) fy) > fyl Es =gy



0.85f"cba? + (0.003Es A’s- Asfy)a — 0.003Es A'sBid’ =0
(G adaly 51,55 L) e ¥ am s alslea 1 Kos IS8

(ald)2+ (ald) ( o' Esec- pfy) ! 1.7fc- p'Esecid/ 1.7f'cd =0

Mo =¢u / by = SC/fy/Es *d(1-k) /a /B4

He= 0.85B1 Esecf'o(1-n(p+p' )+ (n%(p+p P+2n(p + p'd’/d ) )/ f2(p-p’)

o= PB1Esec(1-n(p+p )+ N(nZ(p+p +2n(p +pd7d))/ fy (term)

LSl axd C)JJ}T g:...wuij a3 d}w&uwterm

=(((p' Esec- pfy)/ 1.7f)* + p'BeecPid’/ 0.85f'cd )" — (p’ Esec- pfy) / 171"

ol 33,8 515 sl 4 U e 3l YL s b syl 0l pop! oS 3lie gl
(5 1B S Lo ((Glos) 2S5 5le)T gy (S658) o)l ) 5le)T o ) 50
.xu@gp&uv\jommuLgst;,;,,:u)h\ijdub\@aud\ﬁ),\;ﬁf
€=0.004: JLs

- T |:| ':l

\a



h=25"d=23"d =2"#28 =254 mm f'= 3 ksi fo= 410 psi f, =40 ksi

Ec=3200 ksi=22.070 Gpa Es=29000 ksi=200 Gpa n=Es/ E~=29/3.2=9.06

p=A,/bd=3.16/(10*¥23) = 0.01374  p'= A’/ bd=1.58 /(10*23) = 0.00687

A=bh + (n-1)( As+ A's) =10#25+8.06( 3.16+1.58 }=250+25.5+12.7=288.2 in’
Y = ((250%12.5)+(25.5%23)+(12.7%2 ) )/ 288.2 = 12.97 in’

I,=10%25 3/ 12 =13020 in*
1=13020+(250%0.47%)+(25.5%10.03%)+(12.7%10.97)=17170 in*
Ie= Iy Me/ Ma )*+ Te(1-(Me/ Ma )*)=17130 in*

3208 4 5 Llar 015 oo o B by J5 2,08 4 hle b Slisbne 53555 4 5 iy

Mer = fil / Yoottom = 410%17170 / 12.03 =585200 Ib.in (66.1Kn.m)
=1/ Bc/ Yoouom=410/(3.2%10°12.03)=1.07%10" rad/in(0.49+* 10~ rad/m)

:)}:u,Tv:L“;)j;)}sefj:jiwwf

k=( (0.01374+0.00687)%9.06*+2(0.01374+0.00687%2/23)9.06 )!/2 -
(0.01374+0.00687)9.06 = 0.356 kd = 0.356+23=8.19 in

€s=40/29000=0.00138 €c~0.00138%8.19/(23-8.19)=0.000763

\Al



fe=0.000763%3200=2.44 ks1 =0.81f".

&'= 0.00763%(8.19-2)/8.19=0.000577

f'=0.000577%29000 = 16.37 ksi

Ce= fobkd / 2 =2440%10+8.19 / 2 = 99920 Ib

Co= A'sf's=1.58+16370 = 26430 Ib

Y= (2%26430)+(99920+8.19/3)/(26430+99920) =2.58 in
jd=d-Y=23-2.58=20.42in  M,=3.16%40000=2.58*10° Ib.in (291 kN.m)

$,=0.00138/(23-8.19)=9.32+10" rad/ in ( 3.67*10-3rad/m )
b oo ol Sl 3y Sy oS 5 5l e
a=40000(3.16-1.58)/(0.85%3000%10)=2.48 in C=2.48/0.85=2.92 in
€a=0.004 = &'c=0.004 (2.92-2)/ 2.92 =0.00126 < &,=0.00138
J}.&‘SNV.:LJ&)LLQ)}J&)TW
0.85f"cba? + (0.003Es A's- Asfy)a — 0.003Es A’sBid’ =0
—=a=2.551n = ¢c=2.55/0.85=31n &= 0.004 (3-2)/3=0.00133

f's=0.00133%29000 =38.600 ksi

M., = 0.85f"ab(d-a/2)+A'sf"s (d-d")

\as



M, =0.85%3000%2.55%10(23-2.55/2)+1.58+38600(23-2)=2.69%10 © Ib.in (304
kN.m) ¢,=0.004/ 3=133.3*%107 rad/ in =52.5%10 rad/m

n=133.3/9.32=14.3

T, pd K8 ke, 2l gl asl T aws
..J}.jlmu‘s)ué)ju)."gd;)y‘).)—&wM‘)JG&A}}@(\
p-0.75 p' <0.75%0.85f"B1 *0.003 Ey/( fy (0.003 Es +fy))

S Oy oo T S Bl )l (6,55 ) cns Olow &S Sl i sude 5 (Y
g
ESIEEP

p - p' <0.5%0.85/".f1 *0.003 Ey/( fy (0.003 Es +£,))
ol 55T s (53 L s A5 bl 53 pdy IS slels e s s (F

p -0.5 p'< 0.5%0.857"B1 *0.003 EJ/( fy (0.003 Es +£y))
pb = 0.857¢B1 ¥0.003 E/( fy (0.003 Es +fy))

Mo =hu / Sy nlss E=0.003 5 A3l 5 55 solid Y 5165 Llss G
ol s sl p'/p =05 Flyasb po=¢u/ dy>4 &) p0 pl 53 €=0.004 5 oy >3

Cib e =hu/ Gy >6 €ci=0.004 gl 59 p =hu / Gy >4 €ci=0.003 ¢l » ) 50
S 4kl 51015 o Bl o BT 5 JS Bl (m ) Sy g 4 ek ST 635050 53
EF 530y OT 5,8 ey 3,5 Ol (25 ST Jowie (S5 S I Cueslae VO bl

LT i By bes S s

\&3



:J}\Méuéﬁ%dgﬁ

He=€u/Ey Strain Ductility 5 S s »dy JK& ()

We=bu /Gy Curvature Ductility Lol ¢ 4y JSCa(Y

A=Ay /Ay Displacement Ductility o\ i (5 5y JSKa(t
i}l)w d)u: Scu / Xu d)'y =8y / (d' Xy) Xu < Xy

ﬁ)bg@um;ﬁ”u:s;ﬁuwﬁdsu;
by =Mu/My) ¢’y €= 0.003 to 0.005 ¢'y=0.0015 / xy
> e sy sl oo @y

P
X X ol
l FA J5s — oy
o oD da
L A
4 S5
[ 3] . da
}Cp+c.:||—f l;_,lll—_,;
—_— cpo oY
cu
0aB =Integral A to B (¢ dx) Aag = Integral A to B (x¢ dx)
0 = Integral A to B ( Mdx/EIl ) 0= (0u - ¢y) Lp

0aB =0+ 0,=0yL/2 + (du - Oy) Ly

Ans=( OyL/2#2L/3 )+ (¢u - dy) Lp( L-Lp/2)

Ap=0p Lp( L-Lyp/2) Ay =¢,L*/3

Op/ Oy=(du - Oy) / by = po-1 = Ap/Ay= (mo-1) Ly( L-Lp/2 ) / (L?3)
A=A A=(AHAR) Ay=1+43(ps-1 )( Ly/L)(1-0.5 Ly/L)

a= 1+3(ue-1 )( Ly/L)(1-0.5 Ly/L)

me=(ua-1) /(3( Lp/L)(1-0.5 Lp/L)) +1



:Lp&fbajsdj\.m

Lp= 0.08L+0.0022dyfy (MPA or kg/cm?)

Ay= Ap+ Aj+ Ac + Ag Av: 5 i e Ao 8 (G pd Oolbanl) it >
Act O i FAeml( s JFAG( 5 2)  Art (Osemlli ) (o 25 2

Hea(0 s s 5V (oo 2)= (Ha- 1)L/ L)(1H(Ab + AjtAcvtAr) / Aem) +1

L'=L-Lp<L-Lp/2

F .

L1=Fm
=10m

Lz

4 dh=24 mm

X é;gm

KSR E T

A\



Jt:

fy=4000 kg/cm? f'e=250kg/cm®  b=35cm d=45cm
A=4T1/4 #2.4°= 181 cm? Ec=2.39%10° E&2.01 *10¢ n=8.4
A=PiL*/3EI=P,L,* /3Bl = P;/Pr=(L»/Ly)?
= P1/P2=(10/ 7)’>=2.92 = P =P; + P, =P; (1+1/2.92) =1.343 P,
Xy= (35X,2 24nAd)/( 35Xy+nAs) =X,=15.9 cm
$y=0.002/(45-15.9)=0.0069 rad/m Asf,= 0.85f'cba =a=9.73 cm
Xu=9.73/0.85=11.45cm  ¢,=0.003/11. 45=0.0262 rad/m

1g=u/dy=0.0262/0.0069=3.8 M,= 0.9 Asf,(d-a/2) = M,=26.15 ton.m
Ay =¢yL2/3 + 1(0.0025+0.007eydb fy/N fle)

(Ay)1=18.9 cm  (Ay)2=33.9 cm 5,1 FaiS 05,05 o0 5l B0 olbul
Ly= 0.08L+0.0022dyfy= Lpi=77.1 cm  Lp=101.1 cm

Ap=0p Lp( L-Lyp/2 )= (¢u - ¢y) Lp( L-Lp/2)
(Ap)1= (0.0262-0.0069)77.1(7-77.1/200)=9.8 cm = (Ap)2=18.5cm

Yy



P1y~P1.=Muv/L1= 26.15/7=3.74 ton = P=1.343%3.74=5.02 ton

P2y ~P2y=Mu/L2=26.15/10=2.62 ton = P'=3.74+2.62=6.36 ton

(Ay)1=18.9 cm =P=5.02 = (A,)1=18.9+9.8=28.7 cm
(A)1=28.7 cm  P=5.02+(6.36-5.02)9.8/(33.9-18.9)=5.9 ton

ols (b oL, b

P=5.9-3.74=2.16 ton 6.36*18.9/5.02=23.95 cm pa=28.7/23.95=1.2

P=2.16+(6.36-5.02)(33.9-28.7)/(33.9-18.9)=2.62 ton
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K=Ry/dy=Re/ de=> de/ dy = Re / Ry

S aoaF = Rede/ 2 =Re?/ 2K = R dy / 2Ry

S oBcg = Rydy/ 2 + Ry(dp —dy)
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R=<(RJ/Ry’+1>/2

dprde=> pn=d,/dy= de/dy=Re/Ry = n=Re/Ry
DS 5
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R:C](M'I)CR+1 TZTO T:o)l.wbﬁﬁ

Sy S sl
R=(C(p-1) +1)/C C=T/(T*+1) +b /T
P aal

R=1+(Rmx—1)T/To T<T,
R= Runax T>T,

43,8 ol o sl S S Sus 4 g s 5 sk S el b h e
A Y= A3 s 4 ga s g o A8 L P 0 28 BTN 0 L SIS Gl 6 E

L VL byl 5L a7 Sl ol 51 (ST O (6 gmmasl (2S5 e L L s

va



& ‘o . H PR . 5 /, s (. oo -
JSE o bl w gy JS8 s b (o BelS Sy Gl g me 5L S 0515
Bl NI S SIS G VL dbB (o5 5 5 0o el on SeV 2

= . . . . L 2
(335 (o0 5 aed 5 5185 4 Oy J18,) b (oo 28l o mes 5Ly 2153 S ax 2
Sl el b Kl oslizal ACT asl 0T b plple. 338 o i 55 g pd S8

LAl (r 6055 0.4Ps 31 2h (55 me sld e 4 S5 5 at

P P
Balsnce paint Balance poirt
interaction diagram M Ductility curve
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Sy 53 Caaglie Sill b &l dias e LRIl e ) n Caglieg odd SbenS
Gl ods (185 5l,T 1S &S gliael 4 s Ll odds (108, 5l T 5 a5 o lael
RGN I KPSV
LS o peie Zc CUA{&F}E[{‘)(COHﬁHCmGHt)&6}) ;.MUMJ..,L
Zc=0.5/ ( (3+0.002)/(f'e-1000)+3py/4)(B/S)2 - £0) (psi).
1 psi =0.00689 N/mm? = 1 N/mm?=145 psi &, = 0.002



0.5

[34+029.\ 3 [R

'-.. 1357 —1000) T 33 0

(N/mm?)

L5 dloliS (o wd) s guames 4l 5 2 1B b0 55l T ez S 1 Ps

Zc

eem | 10 | 30 | 50 | 70 | 100 | 140 | 200 | 300 | 400

Values of o

0.002 | 0.667 | 0.667 | 0.667 | 0.667 | 0.667 | 0.667 | 0.667 | 0.667 | 0.667

0.003 | 0.776 | 0.773 | 0.769 | 0.766 | 0.761 | 0.754 | 0.744 | 0.728 | 0.711

0.004 | 0.828 | 0.818 | 0.808 | 0.798 | 0.783 | 0.763 | 0.733 | 0.683 | 0.633

0.005| 0.858 | 0.84 | 0.822 | 0.804 | 0.777 | 0.741 | 0.687 | 0.6 | 0.547

0.006 | 0.876 | 0.849 | 0.822 | 0.796 | 0.756 | 0.702 | 0.622 | 0.533 | 0.489

0.007 | 0.887 | 0.851 | 0.815 0.78 0.726 | 0.655 | 0.562 | 0.486 | 0.448

0.008 | 0.894 | 0.849 | 0.804 | 0.759 | 0.692 | 0.602 | 0.517 | 0.45 | 0.417

0.009 | 0.899 | 0.844 | 0.79 0.735 | 0.654 | 0.558 | 0.481 | 0.422 | 0.393

0.01 | 0.901 | 0.837 | 0.773 | 0.709 | 0.613 | 0.522 | 0453 | 0.4 | 0.373

0.011 ] 0.903 | 0.829 | 0.775 | 0.682 | 0.576 | 0.493 | 0.43 | 0.382 | 0.358

0.012 | 0.903 | 0.819 | 0.736 | 0.653 | 0.544 | 0.468 | 0.411 | 0.367 | 0.344

0.013 | 0.902 | 0.809 | 0.716 | 0.623 | 0.518 | 0.448 | 0.395 | 0.354 | 0.333

0.014 | 0.901 | 0.798 | 0.695 | 0.593 | 0.495 | 0.43 | 0.381 | 0.343 | 0.324

0.015] 0.899 | 0.787 | 0.674 | 0.567 | 0.476 | 0.415 | 0.369 | 0.333 | 0.316

Zc

eem | 10 | 30 | 50 | 70 | 100 | 140 | 200 | 300 | 400

Values of vy

0.002 | 0.375 | 0.375 | 0.375 | 0.375 | 0.375 | 0.375 | 0.375 | 0.375 | 0.375

0.003 | 0.405 | 0.407 | 0.408 | 0.409 | 0.411 | 0.414 | 0.418 | 0.425 | 0.432

0.004 | 0.427 | 0.43 | 0433 | 0.436 | 0.441 | 0449 | 046 | 0.482 | 0.507

0.005 | 0.441 | 0.446 | 0.452 | 0.457 | 0.466 | 0.479 | 0.501 | 0.543 | 0.568

0.006 | 0.451 | 0.459 | 0.466 | 0.474 | 0.488 | 0.508 | 0.545 | 0.586 | 0.602

0.007 | 0.459 | 0.469 | 0.479 0.49 0.508 | 0.538 | 0.582 | 0.611 | 0.622

0.008 | 0.466 | 0.477 | 0.49 0.504 | 0.529 | 0.57 | 0.607 | 0.627 | 0.633

0.009 | 0.471 | 0.484 | 0.5 0.518 0.55 | 0.595 | 0.623 | 0.636 | 0.638

0.01 | 0475 | 0.491 | 0.509 | 0.531 | 0.573 | 0.613 | 0.634 | 0.641 | 0.641

0.011 |1 0.479 | 0.497 | 0.519 | 0.546 | 0.594 | 0.626 | 0.641 | 0.644 | 0.642

0.012 | 0.482| 0.503 | 0.528 0.56 0.61 | 0.635 | 0.645 | 0.645 | 0.641

0.013 | 0.485 | 0.508 | 0.538 | 0.576 | 0.622 | 0.642 | 0.648 | 0.645 | 0.64

0.014 | 0.488 | 0.514 | 0.547 | 0.592 | 0.631 | 0.646 | 0.649 | 0.644 | 0.638

0.015 ] 0.49 | 0.519 | 0.557 | 0.606 | 0.638 | 0.65 | 0.649 | 0.642 | 0.635
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Ductility under cyclic loading
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Exterior and Interior Beam-Column Join t Subassemblies of a Ductile Moment Resisting Frame Subjected to Lateral Loads

The deflected shape of an inelastic frame under earthquake attack.
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(a) Interior Joint (b) Exterior Joint (¢) Corner Joint



