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Abstract:

In this paper, a theoretical analysis is prtes for estimating the in-plane large displacement
elastic-plastic behavior of steel frames having fmers resting on elastic foundation subjected to
either proportional or non- proportional increasstgtic loads and including shear deformation
effect. The analysis adopts the beam- column appr@amd models the structure’s members as
beam-column elements. The formulation of the beaolumn element is based on Eulerian
approach allowing for the influence of the axiafc® on bending stiffness. Also, changing in
member chord length due to axial deformation, ftaklbowing and shear deformation effect are
taken into account. The formation of tangent séiff matrix for the member in local and global
coordinates with geometric and material nonlinearbjuding shear effect have been presented. In
a special procedure, the calculation of axial foacel plastic moment capacity including shear
effect has been explained. New interaction egoatioetween the axial force, shear force and
plastic moment capacity for box and I-steel sestiare presented in this study. The present search
has adopted the linear and nonlinear behavioreibfad these behaviors have been presented by
isolated springs at the nodes. The computatiordinique utilizes an incremental load approach
with a Newton-Raphson iteration to satisfy jointugigrium equations. In order to verify the
efficiency of the present formulation, some casediss reported by previous researches are
utilized. The investigation is extended to study #ifect of shear deformation on the elastic piasti
behavior of structures resting on elastic foundatids a result of this investigation, several
important conclusions are obtained, which assueenibcessity of taking into account the shear
effect in the analysis of large displacement atasiastic behavior of structures resting on elastic
foundation.

Keywords: Shear effect, Stability, Large displacement, Etaptastic, Shear interaction, Soill
effect.
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Introduction:

In recent years, global attention and interestdras/n in the nonlinear behavior of framed
structures. The nonlinearity response of structinegng members resting on elastic foundation
such as (railway tracks, continuously supportect pipes, piles and strip foundation) results from
many effects some of these are the effect of laligplacements and large strains (Geometrical
nonlinearity), material nonlinearity and the effe¢tshear deformation. In structures with some of
their members supported or driven into soil, theicstiral behavior of frameworks will be
influenced significantly by the restrained causgdthe foundation, and the amount of influence
will be dependent on the flexural rigidity of thenleedded members and the soil mod(Rmwvels
Y447). Also, in these structures shear effect is ingrarespecially on the deflection, and its effect
submit to many factors such as; span to depth,r#t® cross-section of the member, and soill
modulus (Aydogahide ) .

Substantial amount of literature on the nonlineahavior of structures with members
resting on soil with shear deformation effect hasrbundertaken in recent yeaté-Sarraf1986
studied the shear effect on thkastic stability of frames. Modified stability fations for prismatic
beam-columns having any solid cross-sectional shdpeed or battened built-up sections were
developed. Eisenberger and Yankelevsky 1987 predeart iterative procedure for the analysis of
beams resting on nonlinear elastic foundation basethe exact solution for beams on a linear
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elastic foundation. The nonlinear characteristiéstlee foundation are approximated by the
piecewise linear curve.

AL-Hachamil997, presented large displacement elastic stabititilysis of a beam-column
resting or driven into elastic foundation. He a@aptwo approaches to representing the reaction of
soil. The first approach represents the soil dated spring at nodes of abeam-column element and
the second one, the elastic foundation is congidassuniformly distributed Winkler-type spring
support. Onu 2000 produced a formulation leadingricexplicit free-of-meshing stiffness matrix
for the beam finite element on two parameter aldstindation. Considering the shear deformation
contribution, the formulation based on the exadutsmn of the governing differential equation.
Jawad 2002, presented a theoretical analysis fonang the in-plane large displacement elastic-
plastic behavior of steel frames having prismatiembers and resting on soil. Approximate
expression presented to describe the interactioreslbetween the axial force and plastic moment
capacity of wide rang of steel sections. The amalyas adopted the linear and nonlinear behaviors
of soil and these behaviors have represented batésbsprings at nodes.

In the present study, a theoretical bases of ttge ldisplacement elastic-plastic analysis of
plane steel structures having members resting astielfoundation using a beam-column approach
and including shear effect is presented. The foatmn of the beam column element is based on
Eulerian approach allowing the influence of theabforce on bending stiffness. Also changes in
member chord length due to axial deformation aeduifal bowing are taken into account. The
formation of tangent stiffness matrix for the memioelocal and global coordinates with geometric
and material nonlinearly has been presented. Ipeaia procedure, the calculation of axial force
has been explained. In order to verify the effécthear in plastic moment capacity, new interaction
equation between the axial force, shear force @astic moment capacity of a box and I-steel
sections is presented in this study. For soil regmetion, linear and nonlinear isolated spring
behaviors are utilized and these behaviors have @esented by isolated springs at nodes. The
algorithm of computer progranNEPAPFSS)is developed in this research. In order to dispey
effectiveness of this computer program, some exempeported by previous researches are
utilized. As it is obvious from the literature rew, there is no one using the beam-column approach
(as far as author knowledge) to study the effeth&far on the elastic-plastic large displacements
stability analysis of steel frames having membesting on elastic foundation.

Shear Deformation:

The basi¢heory of shear effect for a prismatic member dra mhethods that deals with shear
deformation and the derivation of shear flexibiligrameter for a solid member will be presented.
In addition, the stability and bowing functions lunding shear effect will be presented.

Methods of Including Shear Deformation:

The effect of shear on curvature of element andsequently on the stability and bowing
functions have a variable influence depending @e tyf member. This effect is analyzing by using
two approaches as folloSideek 2005):

1- The first approach (total slope approach)

This approach is based on the assumption tleashlear component of axial force is calculated
from the total slope (bending and shear slope).

2- The second approach (bending slope approach)

This approach is based on the assumption tigastiear component of axial force is calculated
from the bending slope.
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Shear Flexibility Parameter for Prismatic Member:

The shear effect on the elastic stabilitglgsis depends on the type of structure, whethier i
open or closed web structure. The open web striaxhibits relatively higher shear deformation
than the solid one therefore it must be introdugeaemeter which gives us a sense about how
much the effect of shear will be on that structurbe derivation of shear flexibility parameter
produced by Timoshenko and Gere 1961are preseated@nvs:

An element of length "L" of a structural membercagnsidered as shown iRig.(1). This
member is acted upon by axial force "Q", sheariogd "V", and bending moment "M". The
deformation is separaténto two parts; (1) Bending and (2) Shear. Bending produces a change in
slope in length "L" of ;

ML
L= — 1
= 1)

in addition, shear produces a change in slope of ;

Y= ) (2

El . flexural rigidity of the member.

GA : shear rigidity of the member, and

n : shear shape factor.

Av  : effective shear cross-sectional area.

Thus, within the length (L), the ratio of changeslope caused by shear to that caused by moment
is defined as “shear flexibility paramet@)(and it is equal to

nQ,
GAv

n= 3)

Where ; Q : Euler load.
Typical values of the shear shape factor for smlenber are giving as follows Timoshenko and

Gere 1961.
Type of section Shear shape factor (n)
Rectangular cross-section 1.20
Circular cross-section 1.11
| — Section bent about minor axis 1.2A /;A< (1.4 - 2.8)
| — Section bent about major axis AlRA=(2-6)

Where :A = area of two-flanges , A= area of the web, A = total cross-sectional area

Elastic Large Displacement Analysis with Shear Effet:

The following method of analysis is an extensidntle elastic large displacement
formulation presented in (Oran, and Kassimali 19T@g ideas previously reported are reviewed in
the present study. The relationship between r&ativember deformationd);,60, and u and
associated member end forceg,ML and Q of the elastic prismatic member showifrign(2),can
be based on beam column theory as follows:
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M= El /L (C, 0:+C; 65) (4)
M,=El /L (C:01+C16-) %)
Q =EA /L (U-G L) (6)

In which G and G : Conventional elastic stability functions, where,

C,: flexural stiffness factor.

C,: flexural moment carry over-factor.

E: modulus of elasticity, I: moment of inertia, &oss-sectional areal, L: initial member length.
u: axial displacement, and;

Co= by (01+6,)* + by (01-02)° (7)
is the length correction factor due to bowing attiwith by,b, are bowing functions.

In the present study stability functions;(@;) and bowing functions ¢bly) is replaced
with modified functions including shear effect . Bhequations (4) to (7) become:

M= El /L (C; 0:+C; 65) (8)
Mo=El /L (C201+C105) 9
Q=EAI/L (U-G.L) (10)
Co= b1 (01+02)° + B2 (01-02)° (11)

Where_q,_cz,_bl,_bz are the modified stability and bowing functionsluding shear effect.
Explicit expressions for stability and bowing fuiocis including shear effect in terms of axial force
parameter (q) and shear flexibility parameter ararsarized in Appendix A.

_Q _or
" QEuler #2El

q (12)

The incremental relationship between the memberf@es and end displacements
In global coordinates can be written as:

{AF}=[T] { AV} (13)

In which the [T] = the member tangent stiffnessnman global coordinates and given by

T=BltlB] + 35 [o¥ (14)
TIHBItB] * 89

k=1
In which
S : the local forces which represents;jMnd (M) and (QL) for k=1,2 and 3 respectively as shown
in Fig.(Y).

[g®] : geometric matrices which have the expressioemin the appendix A for k=1,2 and 3
[B] : the transformation matrix, which has the eegsion given in appendix A.
[t] : the member tangent stiffness matrix in logf&bllerian) coordinates which defined by
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- G2 - GG, G
C1+ 1 C2+172 71
7°H nzlél H (15)
_El .. Gy Gy
= v
L mH H
sym ﬁ
H
in which )
Gl=6 191"'6 292:—27'52[(5/1"'5/2)91"'(6/1_ B/2)62] (16)
Gl=C_2 e1"'6 192=_27'c2 [(B/r B/2 )61+(B/1+B/2)92] 17
and
7'[2 W, 20 W 2 (18)
H:>L2+b 1(0,+6,)2+0,(6,-6.)
inwhich)= L (19)

JUA

In addition, a prime superscript on & h denotes a differentiation with respect to q. The
stability and bowing functions, the geometric nws and the transformation matrix are given in
Appendix A.

Elastic- Plastic Analysis with Shear Effect:

An important step in the design of steel frameddtnes is the calculation of their ultimate load
currying capacity. The accuracy of such calculatiepends largely on numerical models used in
the analysis procedure. As far as the effect o$tjgidy is concerned, a convenient concept in
modeling the collapse mechanism of steel framesbkas the introduction of zero length plastic
hinges at a member en(@ran, and Kassimali 1976). When steel frame urabs@ large plastic
deformation, plastic hinges are expected to forrh arsay section when moment of a member
becomes equal to the plastic moment capacity ofrteémber and the slope continuity at the end of
the element, where the plastic hinge is locatetl,b&i destroyed. In other words, the particular end
of the element can rotate independently of thet jand an additional degree of freedom is created.
The material is assumed to be ideally elastic-gaahd yielding is considered to be concentrated a
member ends in the form of plastic hinges. A jptasinge will form when the moment equals to
the reduced plastic moment capacity (Mpc) of thentver . The member is assumed to remain
elastic between plastic hinges. The reversalsasitiol hinge rotations are not taken into account.

The influence of axial force on the reduceakspt moment capacity of a plastic hinge (Mpc), is
presented from the interaction between the bendmognents and axial force based on exact
interaction method that can be expressed for tieabd I-sections, widely used in building frames.
The exact interaction equations are
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1-R,

m=1-Xn? In =R, 02
1
1-R
m=Y{-[n)-zZ0-p) >R, (21)
1
Where
-Q (22)
Q
m=Mpe (23)
M p
Q = axial force.
Q, = axial yield strength.
M, = full plastic moment capacity of the cross-smtti
Mpc = reduced plastic moment capacity of the crostiesedue to effect of axial force.
2t,,
Ru == (24)
2t
R, =— (25)
"d
R, =1-0-Ry)(A-Ry) (26)
R,=1-1-Ry)X- Rf)2 (27)
R?
X = (28)
Rw RZ
y = 2R (29)
RZ
2
7= R% (30)
RZ

Another method is the approximate intecsctethod for the influence of axial force on the
reduced moment capacity of a plastic hinge (Mpm)\¥,S and M shapes can be expressétfas

_ Q Q
Mpc—118MP[1—%£J when Qy>o.15 (31)
9 <015 (32)

M, =M, when
y
The effect of shear force on plastic moment ciypat general is much more complex than
of axial force™. In addition to causing beam-column instabilityh{gh is included in stability
functions), the presence of shear force tendsdocethe magnitude of the plastic moment capacity
of the section. The reduction of the plastic moneagacity of the cross-section in the presence of
shear force is presented from the interaction antibe@dpending moment, shear and axial forces.
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The special case of an I-section was consideyeBiaker and Heymat* to show the effect
of together shear and axial force on plastic monsaptcity. The full plastic section modulus of
an l-section is given by

2= th(D—tf)+(%—tf)2DtW (33)

- 34
Zp=Zpt +*Zpw (34)
Where

Z,: the full plastic section modulus of the I-section.

Zpt, Zpw: the plastic section modulus for the flanges ddvteb respectively.
t, ty: thickness of the flanges and the web respegtivel

D: depth of the I-section.

It is commonly assumed in elastic desigrn tha shear stress is uniformly distributed over
the web of an I-section and the flanges not coutirilg at all to the carrying of shear fort®.
Baker and Heymai® use these assumptions in plastic analysis and gasg the following
equation for the reduced plastic section modulustie web of an I-section due to the effect of
shear and axial force ;

QQ .
=|J1-3(«/F 35
(IR)° = 3(r/|:) )

Where,

Z,: Reduced plastic section modulus for the web duedfect of shear and axial force.

T : Shear stress.

Q: Axial force.

Quw: Axial yield strength for the web (FAy).

Av: Area of the web.

Suppose that the reduction ratio for the web dube effect of shear and axial force is equal §o N
thus, Eq. (35) can be written as:

ZW = NC * ZpW (36)
To give the total reduced plastic section moduthe flanges modulus (Zpf) can be reduced

due to the effect of axial force alone. The reductiatio can be obtained from the exact interaction
equations®® as follows:

z 1-R vy
pc _, _ 2 < f (*V)
> ; 1- X On n|s R, R,
z 1-R (38)
C_ 2
Zo=Yl-p)-26-p)= >R, T
z R
p 1
Where:
Z,c. reduced plastic section modulus of the I-sectioa th the effect of axial force.
1-R
M _=1-X 0On? nj<s R, —1 (39)
c W R

1
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Suppose that the reduction ratio due to effectxdldorce is equal to Mcthus, Eqgs.(37 and 38)

become
_ 2 1Ry (40)

MC _Y(l_‘n‘)_z(l_‘n‘) ‘n‘ > RW Rl
Egs. (37) and (38) can be written as:

(41)
ch = MC * Zp

(42)
Zp= Mc (Zpt +Zpw)

(43)

ch= M « pr + Mc « pr

The second term of equation (43) can be repldry Eq. (36) to obtain a general interaction
equation for the plastic section modulus for | dwk sections including the effect of shear and
axial force (Zpcs), so equation (43) becomes:

chs= N+ pr + Mc pr (44)

Where:
Zpcs is the reduced plastic section modulus fok or |- section due to the
effect of shear and axial force.

In terms of plastic moment capacity, equation @jomes:

M =NILM_ +M *M (45)
pcs c pw c pf

M : The reduced plastic moment capacity for boxX-section due to the
pcs

effect of shear and axial force.
Mpw, Mps: are the full plastic moment capacity for the wal ¢he flanges respectively.

The member stiffness relationships previowsgcribed for elastic large displacement analysis
are based on the assumption that each memberd$y rggpnnected to joints at both ends. When
plastic (or real) hinges are presented, the redathember end rotations at the released ends are
obtained from relative member force deformatioratiehships (Eq.8 and Eq.9 ) Thus, for a
member with plastic hinge at end 1,

< (46)
_LM C
0= 20,
EIC, G
for member with plastic hinge at end 2
(47)

92 _Mpco g@
EIC, C

and for a member with plastic hinges at both ends

1

L (CM o CoM o)
elza 1 (6(:231_ EjZ)PCQ (48)
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92 — L (ClM P_Cz&+ EzzM pcg_) (49)

El (C —C )

In Eqgs.(46 to 49), the Miand Myszare the reduced plastic moment capacity at eraasll
2 respectively. It may be seen that these equafegs.(46 to 49) which are developed in this study
are written in general expression for the casealf {Mpcs = 0) or/and plastic hinges. In the cdse o
a member with a plastic hinge at one end and ahiegke at the other , the relative member end
rotations 6, and0, can be expressed in terms ofMor Mpcs2and G and G by using Egs.(48 and
49) with putting Mpcsi = 0 for real hinge at end~or example , for a member with a real hinge at
end 1 and a plastic hinge at end 2

) - Mpes G, (50)
1 Bl _  _
(c2-c2)
_Mpes G, G
2° B _ _
(cf-c3)

It may be noted that , for prismatic membethwigidly connected to joints at both ends the
plastic moment capacities are equal for both ends.
The tangent stiffness matrix in local coordinat@$ , can be developed for a member with hinges
by eliminating the released coordinate(s) from @j¢o 10) and differentiating the resulting
relations ,term by term ,with respect to the renmgircoordinateslf incremental changes in plastic
moment capacities are neglected, i.e. , plastigdsrare treated as real hinges, the nonzero elsment
of the 3x3 matrix, [t], are:

For a member with a hinge at end 1

t,.=Z _Z%12 152
22"%22" 7,

=t =7 _Z12%43 (53)
237327237 7,

=7 _Z%13 (54)
3377337 7,

For a member with a hinge at end 2

t11=211_Zz212

22 155
¢ =t =z _Z%12223 (56)
13731137 7,
t33:233_22223

22 {57

and, for a member with hinges at both ends
t,,=AEL 58]
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In Egs. (52 to 57), [Z] = the local tangent stifsgdenoted by [t] in Eqg. (15) for a member
with no releases). The local tangent stiffness icegras given by Eq. (52 to 57) can be used for
members with real as well as plastic hinges. Ascatdd previously, incremental changes in the
plastic moment capacities are not included in EGt57) (i.eAMpcsi = 0). In addition Eq. (58) (for
a member with releases at both at ends) assumeshthaffect of incremental changes in the
flexural bowing term on member axial force is ngtlie (i.e. AC,= 0). It should be noted that these
simplifications are limited to the tangent stiffeematrices and do not extend to the system
equilibrium equations. As the order §il is 3x3 even the presence of member releases, the
transformations out lined in Eq.(14) can be usedhtiain the member tangent stiffness mdtrixin
the global system.

Soil-Structure Interaction

In this study, the soil represents as isoléitezhr and nonlinear Winkler-type springs at nodes
beam column element. The coefficient stiffness ming is added to tangent stiffness matrix of
structure in global coordinates. The modulus ofgsatie reaction gives the relationship between
the soil pressure and the resulting deflection. Béleavior of the soil under compressive loading is
nonlinear as verified by the results of plate |oast in the field. The isolated nonlinear Winkler-
type spring at nodes of a beam- column elementaggumoximately be modeled using the two-
constant hyperbolic equation as showikiig.(3), which takes the following form

)

P hs (59)
a

e ©0

Where

P : the lateral load on beam-ouitelement that is concentrated at the node.
0 : the lateral displacement of the node.
K, : the normal subgrade reaction of soil.
“a” and “b” are the physical pameters required for the hyperbolic equation, whiah be obtained
from the load-settlement curve of the plate-load.te

In the present study, the negasitress of soil is not allowed in the analysis, tBe stiffness of
tension force spring was not added to the totajeanstiffness matrix of structure.

Computational technigue:

Most numerical schemes toveohonlinear systems of equations are numericedtite
processes that use a series of linear solutiomppooximate the nonlinear solution. In the present
study, the nonlinear response of the structuregemerated by incremental load approach with the
conventional Newton-Raphson type of iteration pened at each load level to satisfy the joint
equilibrium. The computational technique is showapfically in Fig.(4) for a single degree of
freedom system. To terminate the iteration process¢onvergence criterion based on the
displacement is used here through comparing thenmental change in displacement vectak},
where the convergence is assumed to occur whendhaality
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i <e (61)

is satisfied simultaneously and independently fache group, where “e” represents prescribed
tolerance which chosen here to be equal to 0.001.

An important computational difficulty arises in danining member end forces;Wl, and
Q, from the relative member deformatidhsd, and u this is due to the fact that the expreskion
member axial force Q, as given in Eq.(10) invollesving functions band b , which, in turn, are
functions of the axial force parameter . In thespnce of hinges, the problem is further
complicated by the fact that rotations at the ®#elaends (Eqgs.46 to 51) are also functions of €. th
problem can be solved, however, by the followimgative procedure.

Noting that q , is only unknown in Eq.(10) let:
2 —
K@ ="_qg+Cp- =0 (62)
2.2 L
Let g be an approximate of this equation. By usingst-tarder Taylor series expansion,Eq.(62) can
be rewritten as

K(a; +Ag;) =K(a;) +K'(g)AA =0 (63)

in which a prime superscript denotes a diffegdn with respect to g , and

2 _
K'(@)="_ +C'b f64
7\2
A new value is thus obtained for q:
_ ___K(@j) (65)
q|+1_q| +Aq| _ql qu)
Moreover, the iteration continues uniif) < e.
In Eq. (64)C_’b is given by
éb = 6'1(01 +92)2 +6’2(91 _02)2 +2l_31(91 +92)(0'1 +9'2) +2l—32 (91 _92) (9’1 _9’2) (66)

In which, 9; terms = zero at member ends when rigidly connestiorthe joints. The rotations at
such rigid ends are defined by the global jointpldisements and remain constant during this
iteration process. For a member with hing&5, terms at the released ends are given by
differentiation of Eqgs.(46 to 51) with respect toltpus, for a member with plastic hinge at end 1

67
L0 (67)

ci

| A I— ] . _ L’
61_ M pclel M pclel

El C?2

c,c,-C,C,

For member with a plastic hinge at end 2
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L _ _ _ - (68)
0, = o Mbes2Cy =M pes2Cy TGy -C1CYH
2 2
Bl Cy Ci
And for member with plastic hinges at both ends
g oL , (C1+C2) (69)
T MpesTpes
(C1+C2)

EI(C1+C>)
In these equations the values qf ' c can be determined by differentiating of reduced moim

capacity with respect to the axial force paramégrfor bending, axial and shear interaction (Eq

(45)).
(70)

M =M N +M M
pcs pw " ¢C pf c

Where
N, = 20w EN (71)
J1-3(1/t)?
n =9 (72)
Quu
2
n‘w :LZ El (73)
Quu
M ! =-2X On|On n|sr, 1R (74)
R 1
M ==Y Cn'=20Z DL |n) >R, (75)
Rl
. mZEl
= 70 ) (76)

In the case of real hingéd pCS:O and M'pcszo

Numerical Examples:

A computer programNEPAPFSS is developed in the present study to carry oetsthear effect
in large displacement elastic-plastic stabilitylgsia of plane steel frames with members resting on
elastic foundation .The computer program is codedQuick-Basic) language to be used on
computers. The computer program consist of a mautirre and many subroutines, each of these
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subroutines has been designed to deal with a p#neanalysis. In order to verify the reliabiliby
this computer program and the effectiveness opteeent formulation, some examples reported by
previous researches are utilized.

Example No.lrepresents a fixed-fixed beam resting on elastimdation under uniform load.
The geometry, load and material condition of thwareple is shown irFig.(5).The aim of this
example is to illustrate the effect of the nonlimtyabehavior of soil , shear deformation effect in
the analysis of the structure .Chen 1998 solveslghoblem assuming that the subgrade reaction of
soil is linear. Jawad 2002 re-solved this exampkluming linear and nonlinear subgrade reaction.
The same assumptions of above researchers foreqmiésentation are used to re-analyze this
example. A good agreement is achieved betweerethdts of the present study and those obtained
by Chen 1998. The problem is presented in preseni with six and eight elements considering
the effect of shear deformatiohable (1) gives the values of the mid-span deflection oflibam
for previous works and the present study. The mara percentage of shear effect for the mid-
span deflection is about (234)7and (442.3) for linear and nonlinear spring behavior respe&dyi.
This shows the great role of shear deformatianincreasing lateral deflection for linear and
nonlinear soil analysis as shownkhig.(7). Fig. (6) shows the deflected shape of this example for
linear and nonlinear spring behavior with and withshear effect.

Example No.2represents a fixed-fixed beam under concentraizd &t mid span. The geometry
Jload and material condition of this example isvehan Fig.(A). This case study is considered to
check the effectiveness of the new interaction ggundEq.45) utilized in the present study which
including axial, bending and shear interaction @ffeand to show the effect of considering shear
interaction in the analysis. Two types of steelises are use®V 12x31 and W14x426 (light and
heavy sections respectively). Zhou and Ch885 gave the interaction curves for these sections
based on the exact interaction equations Egs.(@@ajfor the interaction between axial force and
bending moment. In present study, the interactiowes for the above sections is plotted based on
equation (45) for the reduced plastic moment capatie to effect of together shear and axial
force. FromFig. (8) it can be seen that the ratio of M) is reduced about (X} from unity for
light section and about {9 for heavy section when shear interaction is aergd in the analysis.
The full plastic moment capacity for heavy sectisnlarger than the light section. Thus; the
reduction in the ratio (IM/Mp) due to shear effect for light section is lardeart the heavy one.

Example No.3represents a one-bay four-story frame resting lastie foundation shown in
Fig.(9). The frame has been chosen for studying the effeshear interaction in the analysis of
frame structure when a base of the frame changes dr fixed base to elastic foundation by using
steel embedded pile. In this study, this examplsoised without including shear interaction by
using approximate interaction method and includingar interaction to show the effect of shear on
the behavior of structure. Pile length is six mef@n elements have been used for modeling the
pile. The frame is analyzed for the value of thiera load parameter (r = 0.5). The value of
subgrade reaction of soil varies with the depth #redpile length is divided into two zones. The
value of the subgrade reaction of the lower zonlestarger than the upper one by 34% .The value
of tangential modulus of subgrade reaction (K€®gsal to zero. The horizontal displacement of the
top right joint of the frame versus the applieddiog results obtained from the present analysis for
all cases of this example as showrfFigures (10) and (11). Table (2pives the results of present
analysis. From the results obtained from all cadethis example, it can be seen that the ultimate
load capacity decreases by a ratio (1.05-7.6&hd the horizontal displacement of joit
increases about (3.18-6.4)when including shear effect in the analysis. Teéguence of plastic
hinges will be changed when the effect of shearawtion is taken into account. In addition, it may
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be seen that using the elastic foundation suppdrnsigad of fixed support tend to reduce the
ultimate load capacity about (0.1- 6.%a)

Conclusions:

Based on the results obtained in the present stggral conclusions may be obtained. These

may be summarized as follows:

1.

The large displacement elastic-plastic stabilityalgsis of plane steel structures having
Members resting on soil and including shear efteat be accurately predicted using the beam
column approach in the analysis.

A comparison between the results of linear andineat behavior of soil obtained from elastic
analysis shows that shear effect reached to (ZB4or linear soil behavior and about (442)3
for nonlinear soil behavior.

The ultimate load capacity decreases with a rati65-7.65% and the displacement increases
with a ratio (3.17-6.7) when shear interaction is taken into account; iditaxh, the sequence
of plastic hinges will change.

It has been found that using the elastic foundasigpported instead of fixed support tends to
reduce the ultimate load capacity with a ratio {8.47)..

Shear effect is governed by the value of shearlfligy parameter. In addition, the shear effect
is more pronounced for members with small sparefuildratio.

From the above important conclusions, the eftéshear should be taken into account in the
large displacement elastic-plastic analysis ofcstmes having members resting on soil to get
the real behavior of structures.
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Table (1) The results of example No.1.

PRESENT STUDY PRESENT STUDY
(WITHOUT SHEAR (WITH SHEAR
TYPE OF KN, KN, INTERACTION) INTERACTION)
SUPPORT | TON/IN? | TON/IN? Sequence o
Pu ; Sequence of
(tons) plastic Pu (tons) plastic hinges|
hinges
Fixed base |  ----------|  --mmmeee- 14.5 Fig .(12-A) 14.306 Fig .(12-A)
Elastic Support] —, 154 0133 | 14.442| Fig.2-d) 1429  Fig.(12-B)

(Linear)

Elastic Support a=7.5 &=7.5 . .
( Nonlinear) ,=0.029 | b,=0.029 14.429 | Fig.(12-D 14.028 Fig .(12-E)

Elastic Support

(Linear) 0.099 0.133 14.386| Fig.(12-H|) 14.161 Fig .(12-)

Elastic Support) ) ;54 0179 | 14.458| Fig.(12-A) 13.352  Fig.(12-(
(Linear)

)

A=)
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Table (2) The results of example No.3

Mid span deflection (m) % effect of shear
Type Of | Reference of Number deformation
spring the analysis | of elements| Without shear| With shear (@) +100
effect 01) effect 02) 81
.5 Chen 1998 8 0.1812
§ 2= [ Jawad002 7 0.1803
S a5 Present 6 0.1861 0.6229 234.7
< study 8 0.1865 0.6241 234.64
s Al-Rubai 10 0.208
¢ § 25| Jawad002 10 0.210
SEBS]  Present 6 0.214 1.1605 4423
< study 8 0.215 1.1584 438.8
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Fig. (1) Element of length (L) of Solid Structural Memberdém (A) Bending (B) Shear

Initial (undeformed)
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I

Fig. (2) Member end force and relative deformation for anbe&olumn element

Asymptote = 1/b

Load, P

Kn(Linear) = 1/a

\ 4

Deflection,d

Fig. (3) Typical Two Constant Hyperbolic Equation to Moted
Nonlinear Soil Behavior
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Fig. (¢) The Geometry, Soil Properties and Loading Coadgiof Beam of Example No.1
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D ¢ Present study (Non-linear spring) (8 elements)
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—=f=— present study (Linar spring with shear)

—3— present study (Non-linear spring with shear)
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Fig.(6) Deflected Shape with and Without Shear &ftd Example No.1
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Fig.(10) Load-Displacement Curves for Fixed Basg @onstant Normal

Subgrade Reaction with and Without Shear Effeéample No.3
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Fixed base
(1) without shear
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(kn1=0.133 ton/in>kn2=0.179 ton/i n2)
(3) without shear
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(5) without shear
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Fig. (11 Load -Displacement Curves for Fixed Base and \b&idlormal
Subgrade Reaction with and Without Shear Effe&>ample No.3
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Fig.(12) Sequence of Plastic Hinges at Collapse Load fb€CAtes of Example No.3
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Appendix A:
1.Stability functions including shear effect

1.1 Compressive axial force (i.e. gq*8)

61 _ a(l- 2(_1—ltq) o.Ccot2a)

(A1
tana—a(1-pq)

S __a- ;_lq);— sinz;)((;_(l ~ 2uq) (_1c_ot2(;))_ (A-2)
(tana—a)(1-pqg)(sin2e—2(1- pqg)e.cos)

in which

T m | .= q
= — = — _— A-3
R a-3)

K : shear flexibility parameter.
g : axial force parameter.

1.2 Tensile axial force (i.e. g <0)
- _a(l-2(1+pg)acotha)
C,= —

(A4
tana—a(1+pq)

_ (2(1+ pg)a-sinh2a)(a(1 - 2(1+ pg)acoth2a)
(tanhe—a(1+pqg))(sinh2a—2(1+ pg) acoshzx)

Where ¢="q="[|_9 A-6
¢ 2‘@ 2\1+ng (A-6)

1.3 Zero axial force (i.e. g = &y
2

C,

(A-5)

Cl = 47:2;12" (A_?)
n°+12n
. 21t2 -12p
Cy="%—" (A-8)
a~+12p
2.Bowing functions including shear effect
2.1 Compressive axial force (i.e. q ')
) I T T T
b, = (C1+C2)°| 2a(2a+ SIHZ(ECOSZH) P (acosu a)(2a_ sin2a) (A-9)

4754q2 Sin22a Sin22a
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_ . Z.\2 - 7 T T
b2 _ (Cl—4C22) (20— 2acost)(ga—S|n2a) (A-10)
8 'q sin?2a
2.2 Tensile axial force (i.e. g<0)
_ ~ ~ 2 oA . - B - ___ __ . -
bl=(C1+C2) 2u(2a+smh2a_cosh2a)_2+(ucosh21 a)(2a_ sinh2a) (A-11)
4.2 .2 f 2
4n°q sinh“2a sinh“2a
0, :(51—462)2 (2;—2;cosh2;2)(2_;—sinh2;) (A12)
8n g2 sinh“ 2a
3. The Geometric matrices'ffj and the transformation matrix [Bf*®
-2mn m2-n?2 0 2mn —(m2—n2) 0
m2-n?2 2mn 0 —(m2—n2) —2mn 0
{g(lz)}: 1 0 20 , 0 0 2o , 0 (a13)
(1+5)2 2mn -(m“-n“) O —2mn m<-n 0
—(m2—n2) -2mn 0 m2-n? 2mn 0
I 0 0 0 0 0 0]
—n2 mn O n2 -mn O
mn —m2 0 —mn m2 0
(3)}_ 1 0 0O 0 O 0O O
g7 |= (A-14)
{ @3 n2 -mn 0 mn -m? 0
—-mn m2 0O mn —m2 0
I 0 O O O 0 O_
fn —-n -
— ——  m
1+6 1+0
mm
1+d 1+d
_| 1 0 0
[B}_ n n (A-15)
— —— -m
1+d 1+d
-m -m
—— —— N
1+ 1+0
0 1 0

in which

m=Co®, n=Sim
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=-u/L=-(L-L)/L
a = the angle between the local and the global doates in the deformed configuration
of the member.
L. = the member chord length of deformed configuratio
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EFFECT OF COMPRESSIVE STRENGTH AND
REINFORCEMENT RATIO ON STRENGTHENED BEAM WITH
EXTERNAL STEEL PLATE

Asst. Lec.Hesham Abd AL —Latef Numan
Civil Engineering Department, College of Engineerig
Al-Mustansiriya University, Baghdad, Iraq

Abstract:

The present study is an experimental comparisonesst the effect of increasing the compressive
strength of the section and increasing the reiefment ratio on the results of strengthening
reinforced concrete beams with external steel plateonstant dimensions.

The experimental program consists of testing tenforced concrete beams. Five of them are
without external steel plates to be the origin@csmens while the other five ones are provided with
steel plates of same dimensions glued at the bd#@oeof the beams.

Three values of compressive strength (f'c) werel uisehis study which were (22, 45 and 71MPa)
and also three ratios of internal reinforcementwhich were (0.01411, 0.02116 and 0.03445) to
investigate their effects on the strengthened bdsehavior.

The results showed that the cracking load and ltmate load can be increased up to (150% and
137%) respectively. Also, by increasing the sectompressive strength all the properties of the
strengthened beam can be improved while by inargasie reinforcement ratio the deflection and
cracking can be reduced to improve the elastic\oehaf the beam

Keywords: Strengthened beam, external plate, deflectionildyctestraining.
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