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B ON COLUMN CURVATURE CURVES

ABSTRACT
=

:Column Curvature Curves are used to solve general inelastic

beam-column problems.in a manner. similar to the use of Column Deflection
Curves. Curvature curves are obtained analytically ffomvdifferential
equations while rotation and defleétiqn are computed by numerical inte-

S gration of curvature. Three cases of Column Curvature Curves cover all

PO W——

possible cases of elastic-plastic beam-columns. Complete elastic-plastic
t " o responses of beam-columns are investigated. Interaction relationships
i
i

between thrust and end moment for ultimate strength of a beam-column are
o . \

o . T. Atsuta* e
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L *Engineer, Kawasaki Heavy Industries, Ltd., Japan. Now a graduate
[ew 7 student, Department of Civil Engineering, Fritz Engineering Laboratory,
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| L PN 5
| , N o o 1. ;NTRODUCTIQN . a
" Columns bf buildings and framed piers ofrbridgesafesubject
o; t§"bendidg‘moments as well as>thfusts ag their endé; the éﬁd-momeﬁts :
_____ . Tﬁre'dhe either to eccentricitieéof the thquté or to rotations of .; E
adjacent members. Elastic-plastic behavior of these members should
- be inVestigated as a beam-column problem. The solution of an ineléstic ;
beam-coiumn proBlemJis generally complicated. ’The purpose'of this 5
_ reggrt is_tq show that the geﬁeral respénse’of elastic:plastic beam-
'Coiumns may be obtained Yithout iaboriods,cgmputations by using egact |
~solutions with the aid of Column Cﬁrvature CurVes. - |
i
- 42 PREVIOUS WORK L |
N . L | J
s Many investigations ha;e been carried out on elastic beam- | 7
) column problems by Timoshenko and others [7]% In probiemsninvolving |
° homeht gradients Column Deflection Curves have been shown to be of | ’ |
great use by Chwallai[S]. Inelastic problems are difficult.to;SOIVe
rbecause of the hiéh.n;nlggearity of.the‘basic differential equation., -
Moét of the solptions obtained are bynumerical-computétions [1,6], N
,Recéntly,,Chen.andSantathadaporn have succeeded'in obtaining an 1
.Wméﬁalytical.sblution for the.cugvature of elastic;plastié coiumgs [2]. T |
Extendiﬁg these solutions, Chén haé 501vgd an inelastic beaﬁ-coiumn l ) »
| mbjected to a concentrated lateral load at midspan (3], Moment- |
¢urvature-thrust relations in theelaSticprastiérange for“rectangﬁlar, ‘ %
. box; an; wiée fi;;ée séétigns withofwith60£‘théinfluenceofresidual i
X ".stresses have Been repofted”[3,4]. |
..... |  (7
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| ~3S MOMENT-CURVATURE-THRUST RELATIONSHIP v
| . .. The initial yield quantities for a cross section are .
| M =0 § ,'for'moment M
L T S A )
LT | : ' | e e
i T T - P =g A for thrust P . |
o Yy Sy R | w (1)
i . : .P‘ ze
'l | L ‘ | d = XL for curvature 9 -
’ h where ‘ | -
j B A.-;-*.Gy,eyarEyield stressand yieldstrainof the material - . o
- - h A are depth and area of cross section
. and I SR (2)
. S  1s elastic section modulus
o - = |
! | |
Lo - Non-dimensional parameters are defined as
- M _ P $ - |
K f ) | 4 nYy D @ =
| I Follow1ng the work of Chen [3 43, the state of the generalized
:; stress m in a cross sectlon of a beam column belongs to one of the
g '%ollqwing three regimesv ,Elastic,regime, primary_plaétiC‘regime;_and | »
g 'masecondary plastlc reglme (Fig. 1) The boundaries between the regimes
; 3 4 . ) |
- are defined by initial yield curvature ¢. and secondary yleld curvature
- - - ¢g,respectl (r ig. 2)“““A general m-¢-p curve 1s assumed to be
" ‘closely represented by the f0110w1ng expre531ons (Ref 3)
[~
. / s
;. 0 .




-~

; o - In he ,elastic' regime (0 < ¢ < CP]_) e ., - cT I | |

A ) ) ‘e . » - : . i

4

[

In; the primafypla.stié r_eg-ime f(cpl < ) _<_ q_;z_) %

m=;b--£'- - .;‘ :‘. A(S)
- Voo

N

In the secondary plasti‘é regime (cp2 < )

\

m=m == .(6)

¢ | | ~

"_. where a, b, ¢, f{, mpc’ cpl, and 'cpz. are functions of the thnist paraméter

~ p and the shape of the cross section. These functions have been obtained“m““*
- in Ref. 4 for several commonly used structural sections. -As a simple

example, for the case of a rectangular cross section

a=1 , b= 3 (1-p) , ¢ =2 (1-p)

o p)
N
N
“w
8
i

4. CONCEPT OF EQUIVALENT COLUMN

é

e s o A bejam-column AB of length L is subjected to axial com-
| | | | . |
|

pression P and bending moments M, and M_ at its ends A and B, re-

A B
-wm@spectivelyw[Fig.-3(8)ﬂv**The*vertical*reactiﬂnsﬁvfatethemeHGSWare;¥@wimw4i4w4w34FMM

o f;om,moment eqUiiibrium!-.- e . o LTI T T f_ff%fﬁ*Mhmf
¥ N
“_ ! k
PR ”
g ; -
. &R _ _ o R , A ' J
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If the resultant'forée;pf P and V is taken as [

%

% — . T

another equilibrium state is obtained as shown in Fig. 3(b). The

| - ' - - | -7 -
two resultant forces have the same magnitude and are parallel to
the slope of the beam—cpiumn at C: where curvature is maximum (Ap-'l

pendix I). As shown here, the section where the maximum curvature

‘occurs does not coincide with the section corresponding to the maxi=- -

_ - |
5 - |
mum deflection. |
- . | ‘
From this state of equilibrium it is possible to conclude |
/ - | | - :
. : | ‘ . % : | |
. that a simply supported column DE of length L can be chosen which ﬂ
+ . , * 3 " ok % %k IJ‘
~is subjected to axial compression P only so that a portion A C B h
p i
‘ ‘ i
- may be in the same condition as the original beam-co6lumn ACB, :
Fig._3(c). This is the "equivalent column'" of the original beam-column. h
The length of the equivalent column L is unknown at this stage. The ;
use of the equivalent column concept reduces ten cases of Weam-column ?
problem to three cases of equivalent column problem, as shown in Fig. 4. %
5. DIFFERENTIAL EQUATIONS AND THEIR SOLUTIONS

L L 'fhe eq uati On of .f,eq_u:i;, librium for. a.- beam-cg]_umn dogriiia e L 4

. o R DR
L dxa ’
| |
. = |
. "/.f;, :
. b | | !
% ' r o . - [
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S .,-MHEI -bending rigidity of the elast-a;c beam RO

a .

Using the moment-curvat_’ufe-thru# relations (Eqs. (4), (5), and (6))

the basic diff_erential equ_at:‘.mons of the beam=-column 'i'nl/;,erms of cp are

obtained as follows: . | \

- In the elastic regime (tﬁf CPl) |

- - - T T e S - dxz a ~ T
< -
In the primary plastic regime (9. <9 <o)

N’

+
i

o

(13)
/. . In the secondary plastic regime '(cpz < o) - o

d= 2 -
9 — - (-‘E> i cp*” T aw

- ’ g
! | ' ' - dxz '
i N
H : W - Ny
; B2t " ) - '

° R .
L3 " .
in R )

Y ‘ﬂfﬁ
qf

, : \ In the elastlc regime (ep cpl)

o e e —
i ’ H
; 4 i

R _ - | - a Ja

.. In the,"primary Plas,ft‘i.c fegime (C91 _<_q)5(p2) .

1

e eyt ek o b st
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- P ok

%

: . | 6.

- x =2-_
3

do _ 2/2k
e

do _ k

r1f2 [ af2

-. e 1/»2 | o oy
X - X =--‘-/-E—D3/4{(%) [1 - (9) /J + tanh"" [1 - (EP-)IP-| }

dx /‘f

8

~where A, B, D, G, x_, and x_ are constants of integration. . ..

!ﬁ.
kK

Y

In the secondary plasticf_regim_é (cpz' < cpi)

1/2 &/2

a+ G‘P) P

|\
BT
1, 1
'cp) (26 - ‘P)

) '(18)

(19)

'BOUNDARY CONDITIONS AND DISCONTINUITY CONDITIONS

Consider the equivalent columns shown in Fig. 5

o

. Cur-

vatures corresponding to primary yielding (cpl) and 'secondary'yielding

}(cpz),occu_r at sections x = p

curvature occurs at midspan, x =

. curvature are,

~at -

1

hence,

X =P,

x=p,

and x = pz, respéctively. - The max

k. ,, | |
L /2. The boundary conditions

i..mum

for

ey

j at o

e _ ~51<~—; —— = ,,; I ' I ,,- . S




-

Dl.scontimuty condl.tlons of dcp/dx are obtained. from contl.nul.ty con-

- ditions of bendlng moment at the boundarles [3]

= L I | ) 43/3 do.
- T et x =g, _;;;f‘-cp1 &2 D= (@D |

.............. ” >
e - | 3/2 o
at  x =9, 4f @, (dx)P (dx)s (21)
e a | ) : v k

. \ -

. —J -di — -

at x =1 /2, e 0 -

- where subscripts, E, P, and S._dendt;e elastic, primary plastic and i ‘
.secondary plastic regimes, reSpecti-\zel'y. . o e N

7. COLUMN CURVATURE CURVES

AN

From the general solutions and boundary conditions Column
Curvature Curves (CCC-s) for the three'diffe;_rent cases (Flg 5) are

obtained as follows:

Elastic Column (0 < P, < CPl)

=ma . (23) e

o One=Sid ”‘“Plastlc "Column (EP 4 (P < CP }

In elastlc reglme ‘(0 <x< 3 ) o e

: ‘ | | = o | o~ ., kx = -fa S]‘_n (._(2 sin _____ o AR : (24)
I | L ., \9 ) --\/.'a ” SO |

t

»vv—-«—.».-.."m.*.;_..._..—.—@w,——-._w'_- — e e Ly e




e kL -3 [Fn ] | | Sk y
Ly = Lt m (Tmy -1[ (9"

g . . . . . T : . ' ’ . I

PRI . f . . [

. K EART . - . ; . ) R R - . ) . R . 1

. E j'%.h‘ § whe r e - ’ . o i g ) . * LuJ
AN . .. - . ’ - :

L . . : g

-~ ... Auo-Sides Plastic Colum (¢, < ¢ )

§

In.elasﬁic regime (0 _<_x < pl)

In Primary pl’astic regime (p1 _<_.x < pz)

=i S —

1/2

- , . ],/2 1/2 ‘ B .
_ Ve -3fs |,pyv [ e | | |
= e - 2= D {(Zp?) [1 - @ ] + tanh™ [1 - G ] (29)

OO0 n

- | B o _ kL a2, 9 ., 9
i 2 S C [ C- Py

(30) : | i
I




. w x S I
‘ji 1= )2
R ¥ /- 1/3
' L [c -3/ D 1/2 (P | . f(PI" ] .
- kxp = kp1 + 7 D {(E";-) [1 - (_DL ] + tanh [1 - \-I-)-) (33)
| 1ﬁa ”
1/2 /2 y
_ c =3/4{ /D % ] 1 A z]}
kp2 = kxp “\3 D {(:P:) [1 -/-ﬁ') N ‘+ tanh [1 - (-I-)-) (34) B
% 4 1 1 jub’ 1 2 -
KL = /e - =
kL™ = 2kp + 3/ ( 2 -‘Pm.) (‘Pa +‘Pm) (35)

‘I‘he length X is expressed. exp11c1tly here as a functlon of .
- curvature ¢. The length of the equ11vanet column kL is obtained as

. | .‘
a function of A and p from these equations and shown in Table 1.

Figure 6 is an ‘example of CCC -s for a rectangular cross

| %
section when the ax1a1 thrust is ~constant (p = 0. 5) In the

secondary plastic regime (2 < cp) ¢ changes rapidly The l_oWest -Curve

% | |
(@ =0.5) represents curvatures in the elastic regime. The half

m

w1dth of the absc1ssa for the elastic curve is equal to n/2 which

corresponds to Euler s buckling.

N .
3 .
T

8. SOLUTION OF THE BEAM-COLUMN PROBLEM

Column Curvature Curves (CCC -s) are used to solve various
beam-column problems Consxder a beam column as shown in Fig 7(a)
| First, p_ , '.cpA, ch, and kL are computed from MA My, P, L, and EI using
%
Eqs. (4) to (11). For a fixed P -value CCC-s are drawn from Eqs. (2“2)

. to (35) as shown in Fig. 7(c) The curve, in which cpA, cp y and kL

- match, gives the maximum curvature D the equivalent column length T

kKL , ‘and the curvature distribution @ corresponding to the original

beam-column.- It should be noted here that there can be two sets of

%
matchings as shown in Fig. 8(a) This means, for a fixed thrust p

[




et atr e ormm o

. a load-curvature curve, respectively, as shown in Fig. 8(b).

I e e e N VTSN T T i v R e e S T R S A T Pt U e T L et g st T e e, L P L S A M T T i : v
> e L L T T e R T e T e T e el e e S B R M‘é&@m
e

~~there‘canbe'two'sé§¥esof """ equilibriumfwhiéh’are repres““'éd by “two “1; N

o ok * . L | |
maximum curvatures L and ? o v These two different states cor-

respond to the two points on the loading and unloading portidns of

. .

5
lr
s

» As shown here, the maximum curvature @ of a beam-column B
N . * '
does not necessarlly equal.qh, “the max imum curvature of the equxvalent
column. Flgure 9 shows a comparison between the maximum curvature @
- | , * . | - ‘ -
of agbeam-column and,cp]m of the equivalent column for a rectangular ¥

section in the loading case of m, = 0.4 (constant) and m, = 0.2 (con-

stant). When p is small, ¢h and O are much different from each

. _ _ o s ' o
other, which means the maximum curvature O occurs outsidejthe beam-

.column while ¢, occurs at one end of the beam column In,the figure

@, stays constant,( 0*4) while Q. decreases as the thrust p in-

% .
creases. At- some stage both ¢““and‘¢ " start to increase and become

. T
t
- Y —
&
i
.
-

&

.CCC-s at one end ~ the contlnuatlon being mlrror images of the original

' — S ) . % )
equal after a while. After thls maximum curvatures P and ¢~ remain

\\,

Using Column Curvature Curves for single curvature beam-

columns, beam-column problems with double curvature can be solved in

exactly the same way as done using .the Column Deflection Curve method.

" This implies drawing_anothér'set"of7CCC4slcontinuousrwithﬂthe original

- CCC-s as shown in FLg.r.__lﬁ_a_mllﬁu.ng_tb.]_s._mocLl_f.;_gd__se.g.gﬁ gee-s’ begme—

“T7columns with many types of end loading can be_solved )
(}) ¢
) ) | y . ' ‘\
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~ ‘determined by two independent non-dimensional variables,

_Generally, the behavior of an elastic-plastic beam-column is

where L/r is the slenderness ratio. Loading conditions for the left

\

end A and the right .end B are giben by the following relationsf

6N

where o and B represent non-dimensionally the eccentricities of the

N

pressions,

o =e

B

A s and 8 e 3

where e and ez

A
Momerits EA and Eﬁ

of proportional loading Eq.~(37§—reducéé't6

represent the actual eccentricities as shown in Fig. 11.

thrust at ends A and B, respectively. These afé computéd by the ex-

~

(38)

are produced by rotation of adjacent members. In case

(39)

with.a rectangular:.cross-section (6" x 20") are considered. The moment- |

A :
rd

NS R
.

N ey

“ o ‘ m=e¢-P , W= LN
_:f - .- :As an;éxample;'numerical results for afbeamrcélumh (L = 600 in.)
" curvature-thrust relationship is determined by the parameters given in
g ... Eq..(7). Assuming A7 steel, and

.
!




: plastic fegime, and secondary plastic regime-by.two'dotted straigﬁt

iﬁhévnoﬁ-digé;éibhéimQériables ofthié beé@-column are (Eq. (36)) .

| - 3 - L o
- Yy=3.56x10 , A=351 - (4)

&
Figdre 12 is a plot of the numerical results for maximum cur-

vature qh vs. thrust b for thewcase_ﬁith_h = O.S[in Eq, (39). . In the

L)

figure the (p, thécurves are“dfyided'ihto elastic regime, primary

lines. Rotational angles atftheiends,.eA

and plotted as shown by curves in Fig. 13. Picking up the maximum -

and 8,5 can also be cdmputed

points of these"curVesﬂ, interaction curves for the ultimate stremgth

m,

of this beam-column corresponding to loads m,,

tained'as shown in Fig. 14.

In Figs. 15, 16, and 17Nhumeriéa1 results for a 140246  cross

section neglecting the influence of residual stresses are shown, other

NaﬁdlPQQ&D,be_Ogtmwwxmijm.“___m

parameters used being identical with those of the rectahgular‘sestion.'
N
10. FURTHER APP;EICAEONS L

z ‘_:*As*_the_endmfe_tﬂaﬁeﬁs “ﬁfabea;m*iccrhmm "Can”be_nbt"aiﬁéd“’“ “thé”*‘ o S - |

- . o 54'-‘ . | ¥ ' .

stiffness of a beam~column which is the ratio of end “moment to end

~ rotation can be computed. From the member Stgffﬁéééés, thésﬁiffhe§§L; W¥  

. .matrix for a whbletframe,usuchmasgthegonewshbwh~iﬁvFig;518;wcan*bé“t4""** %”“‘””““

constructed and, thus, the elastic-plastic behavior of the frame can

be“obtained;,;Thé application' of the CCC-s to framed structures will

be presented in a‘further report,
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11. concwsioN . T
- An approach using Column,Curvature Curves (CCC -s) has been
introduced to solve elastic- plastlc beam-columns subJected to varlous
end loadings. The basic idea is the same as in‘the'method using Column
Deflection Curves where deflectlons are obtained by numer1ca1 integration.
The[appllcatlon of the CCC method is simple and three types of CCC -8
cover all cases of elastlcjplastlc beam-columns.. Complete.elastic-
‘plastic response of beam4columns is presented and ultimaggw§ggg§gp§_“
and interaction relations are obtained. End rotation which gives .
member stiffness is also computed. “
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k “
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f~;”““'”““*1"“’“* *,”51'”' f"T;"°APPENDIX 1 - PROOF'OF.EQUIVAiENT"déLUMNlt- 'h_!' N
. Consrder a beam-column ACB subJected to ax1a1 thrust P
shear force V and bendlng moments MA and Mﬁ as shown in Fig. 19(a). _f;f
At section C curvature and, hence; moment are max imum.
LY g W
\ dx c - — L .
‘Moment M(x) may be expressed in,terms of deflection'W(x): <
M(x) = P W(x) + Vx + M, O w3)

Hence,

dx dx +V o | : (44)

From Eqs. (42) and (43), at 'section C

dx |[c . dx

YGRS

C

| S ;" | . tan'eé = )|
] 4 . ..,

dx

<

Thus

e

o to the resultant force of thrust P and shear V, o B

’ ‘ &

- IR o The part CB of the beam-column can therefore be replaced by SO —

tmej¢m¢wwWQl;:WMuuu, the s10pe at. the seetlon of maxrmum curvature (tan 9 ) 1s Parallelwmwmm‘7

*
a eantllever beam subJected to horlzontal thrust P

A at its free end as shown in Flg.'19(b). The length of thls

cantllever beam may be increased without alterlng the thrust resultlng
* % -
in another cantilever beam D

c whlch is subJected to horlzontal

[ B

!
)

l - 'lf;, ~ moment M . . ~
|

A=




thrust P

e ( / r - 71 rL_

o -Mi.over the or1g1na1 cant;gever AC, Flg 19(c)

| * %
beam~-column AC ls a part of the equ1va1ent column D C

the entire beam-column ACB is a part of the srmple column D

subjected to thrust. P only (Fig. 3). T

A
and V

B T T e w q( s

.

conditions,

APPENDIX II - ROTATION AND DEFLECTION

From a knowledge of the curvature dlstrlbutlon, ro

and deflectlon of a beam-column at any section can be comput

i R+ K
S G--«-sp._ *83-.-._: B NEE B ] » e — g o e 1Y
- -

- o sy Dl T S T N R P

JPQ + V2 only and produces exactly the same state of stress

This proves that the'

he«._.;..de-te.rm-ine-dm

——T —— e e— ———

Slmllarly,

k k ko
CE s

-vThe3thrustwonethemequivalent column is the resultant of P

using'Eqs, (22) to (35) whiCh'aCCOUnt for equilihrium and'boundary

/.]

tatlon

ed by -

. : !
s y
- m _ PR e S .(..« S s . e A e LoD
- { ) .

respec

en -

integratlodgyof the curvature dlagram once and tw1ce

o S Curvaturelﬁistrlbutioa ¢ is not expressed exp11c1t1y as a function

of x. Instead, kx- is expressed as a functiqn_ofv? (Eqs

4

tlvely

.. (22) to.(35)).

First,

)

>
\ :
~
i
v \L"g“d i
T gttt e (e o N iy
) Ay ‘;k}
. . e 1 LA S
w i ' LT ;\’ o
o e g o e e e e e et o ) i e « A

one chooses n + 1 points on curvature axis:
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Substituti A
stituting for,kxi and‘cpi (i

]
-
N
L J

equations:

)Y
M-G
(]
(op]
(V)
£
O ¢
-’

e

ST A mes BI-Vw o o
o ' B & o '.kxi - 60)

The coefficients C y | | | o
‘ Y . 4 Of th 1 : '3 o .
R b € F?urle_r vserl.es are obtained by pre- LR o

multiplying the g-matrix by the inverse of A-matrix. that e

A ey .
- T TS s b e s i < e s e




b s S

AL

- S | - iy j': ¢ dx

N ,‘2*
yjzz C'j (2]

2L

'Nonédimensional rotation is defined by

N Ak . .
=L C 2L sin-(-z—L- llnk

,, . R | ,j=1’ j.(Zj - 1)11’ - o X

. 2L

—~——

Deflection at point x {s

{, j S~ (24 -.*.1) b k’; B

? mO T ,

(53)

W*=j‘x=®*dx'

| ‘, o

Non-dimensional defleéction . is defined by

* | *
w = k2 W
‘ | /éy

o | - -c.[ 2L
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‘Fig. 21(a). Maximum curvature occurs at section C with

‘Now,' consider -rotations at ends A and*B of a beam-column shown in =~

AC = LA, s CB = LB SR

.........

Rotation angles -at sections A and B with reSpeét to the tangent at

point C are-

o =Xo ¥ , g¥-Xg* : 57)

A "k A % T %

Deflections at sections A and B with respect to the tangent at point

C are

(56)

3 S

W, =Ly (58)
k? |

Member rotation R is expreésed by

" * u * . .* *
R=-5 A _ vy B A 69
RN LB k kL ﬂ - |

Then, rotation angles at A and B of the beam-column are’

U S e - § . * % R : e
| | w - w ' ' |
P % % ’ : - . l
.g& _1C%WA,_R  T eB, KL e (61)¥_ ‘ F
Non-dimensional rotations are obtained. by e S
“J
|

|
'y < N
) i J

S g S



 Even if the maximum curvature does not occur inside the
‘beam-column as shown in-Fig.~21(b), the expressxon for end rotatlons

- are the same as given by Egs. (62) and. (63)
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A . . = area of section ... . ..

APPENDIX‘IV NOTATION‘

-

m
I

a, b, c, f = constants which define m-¢-p relationship.

'modulue‘ofeiaStieity

M
I

=
i

depth of section

=1
"

moment of inertia of section

\ . ; | L )
k = PJ/EL

|

- length of beam-column .

L | - = length of equivalent column

eccentricities of the thrust at ends A and B

/4
r.

(m) = bend_ing‘ mom,ent, (m = M/ My)

M/M

=M /M)

m =
BBy

M , (m ) = full-plastlc moment of section,

=M__ /M)
pc Yy

m, m - = bending moment»ét'initial and secondary yvield

1’ 2 . ~ .

=
=)
At‘__ g'
=]
S’

"

| P,\(p)- N = axial thrust of beam column (p

~
)
*
.
"

4
"

axial yield load

r - . = radius of gyration of section

W
"

a | elastic section modulus .,

axial thrust of equivalent column,

constant bendlng moments at ends A and B

P/P )

® =P /p)
N

\' S = ghear force

| _W’!,(W,)fijﬁ“_wu deflectlon thh respect to tangent at the polnt»'* *“-*“““““

rmrame serm g

R I ;”"”“”" = Iongitudinal coordinate axis

y o = transverse coordinate axis

)
-

o . . p
of maximum curvature (see Fig: 21);‘*““‘5“W!K3/§y)
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= coefficients of bending moment due to eccentric

N S s g mmed TS s mas  m

- e
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S0 OSSO

thrust at ends A and B (Eq. (38))

S/AL

strain at yield point

N
=M M,

S
L]
a

@

‘location of initial yield point -

location of secondary yield'poinf

L[%

r{\E

yield stress

Vi

curvaturé, (¢ = @/@&).

‘maximum curvature of beam-column,

T \

L N

=8./2)

maximum curvature of equivalent

| £ . %
(@) =& /2.

curvature at initial yielding for pure bending

column,

curvature at initiai yielding with bgnding and

thrust

P 1 = curvature at secondary yielding with bending and
2 ’ , . ' |
- thrust
%
o ) - — o R o N o | u‘_;__‘\Jﬁ .
A N e S
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Table 1. Lehgth of Equivalent Column kL* ©
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1.53
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54
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46
b
42
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.56
.56
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3
.32
.30
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.55
.52

.40
.36
.33
.30

.25
.23
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.15

.48
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g

17
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"Table 2 Parometers for m—@-p ReW LLOnSDlD (See Rof (4))
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