ot Olyes
WAl @ 0ylosd ppiams 093

0 3w U 3 1 i85 1 33 1y it 5100 3 33 g e yo S

* d\.ola- g

ES

Ol Ol a3l o5 o KNs 5 =0 yob pwdkige 035 iyl wlid )8
std_haseli@khu.ac.ir *

[NV ]2 oy b [WA) /7] b5

Losle Sl b 5l) @ e g 50 cul 5 Lilodd 52V 5 Sadae 555 a0 5y (mbile) 5 oolal Vs 4 by baojle Gl sladle s
w8 5513 b 5 )50 0l gen o3l Sy s 03 33 4 e o BT 03 S s (gl e Gl Bs) $S S 4 my Iemlod
Lo sl iny el il Slib sl b b slaesla ot e Sk, o 4 P-A LT e sl 4 aalllae cpl 55 cpl by o
s ol 53 ol G ol 5 Sl DL s 5 oL s (e e Sl Gla s el ps a5 e o BT 550 sl
Glassle o3 a3 o gl edd € sla s, O35 anlie 5 pss a0 Jebou U1 aalows gla s S35 o3l gl elsl 1 o
el L2
o Al sy @l gl pss as e s s P-A SBT sl 8l i s wile Ul 3l G as e UL s
e sl o 51 eslinad Wl ablad 5,50 st <33 L 1 baojl les LU ol Bl o Loges sl 48,0 st b o 4 ST .o
A edalive sl s 4 @B o s 3805 ol 35l 4 e Cilisee PUI L slaosle ole DLl s Syl p 50 P33 45
Gl O 5 els il il I L S JSE 4 ns e 3 50 S ) s 45 s ety s ol ik s
55 5313 (6 3ymi 03l e Sl 5 il ol s ol e o 31 edelns &y gl g3 40 o s 4 3 Jusl
How i b 23 Sl 5L s 5l Jeol s Ol (P-A T s 5T s ps a5 s s 4w Do Sl eid 4w 1 e glale
£33 4 Mo Gl is) o 03 mames el 0l sdalie (B ol 53 sl Ll L (Siees (p S e 5 a8l LRl a4 Jsl 4

ol (B s Sl G b 235 VL s e 4 ety bl o

il gl o3 bl S bl @l s o e i PRA Sl o5l tG T OB 319

PA I 0T & &S 553 0 Ot b 53 sielias gla K sl doNdo—
ks ol U, st 5 bl Gl oS e 2o sl L dleses Oy 4 il slast s
SR G gl e eslinal i ga g, 5l aglela VYRS S R PRI C S SYC VRN P BV PP (U

49


mailto:std_haseli@khu.ac.ir*

o e

LUl a0 ass 55 [9] Sl ams €l o3V sl
Sl ol Gnan 63V b o 28wzl
5 Aoty 0328 w58 S Lol S
L e e R
5ol ase Ol L adlas ol > soletn s,
35 s YN dle s [10] s slandlas s ol Ss
el 4 plad Gl Lo o 5 S8 Jded 55
o L5 S oslinal b cas o LSS arlllas ol gl 0L
o ke Slagel lesle Je 3 sz e sl 0L
Sl sladite 3l sdelody (slagaly b aslis )3 od
sl el (3 gdos

s 02 VAN dle o 6 3L 506 5 pos Al o
oslitl 5 4Bl wney Sdlwd baulsy S s [1]
Lo alad gl Jds Gl wlee (o e 5l
Sy o gl o s Laily, Gl SHGle ol
[12] es3 55 OLKes 5 5l Lisls wma s 15 DG gl
O R I I S o I ERRBE
ol Lsls sleiy 1 LS (ol ks e ils
a3 0L | oLty s Jpd LB s aalllas oy
oty as e 0L [13-14-15] o5 28 Slallas ol
g Sl gl 3 pas ad e s gl gadans
BT sl Gl B (n 5383 056 Wl cleds ol
onl o3 el ol el baosl o 8 iy s 5o PA
03 po3 e Jdo lahgy S35 aslis e dle (Slans
CBs sl plil 6 Ol et sy deesle L,
I3 o 2o 2l Glaoslu e s ad e ot sla )
sl S

P92 4o ol S595 Sgam¥ge BT

Gowdw Sl jlw 4o

(F g Fl 195 -1
oAl Gy 52 edd ealitul O g se b ALl sk 4
Sy 1y e laesle 31 0 gt 0 O S [16] s
A) s 2 BC 05 skt ran 0 pons oo 513 allas

a)'utw)\j\&:éjjﬁ;ﬁldeé.étng)'LN);p;@fL}:sz
e W giluesle ke & a8 ki, ol 5l 008
ool 2l ks o s (ol Sl slallex 4
sl b glas slacsle ot o 5l 4 a5 L3y
23 e o 5 e sla s o) eslid ol lad
aandllas cpl ys e el L0 Lae sl g5 ol s
by oMl mls (B Sl g, S el
P-,UD) pss as e o JUT 5550 she 4 o3 s
Fo ASTY XYL AT A il L ola slaasle 53 (A

R xR b 51950 -

o p e sy o [1] WL 5 edle e
Jel 2 P-A A on @ [2] o os ol solgly
a2l s Sl slal J Eo baesle pss 4
Jebs 5l 3L (Saalas Glagaly cdas e O aallls oyl
Ll o8 Ll 56 Ol KK L pss a0 5 sl as e
AS ey el Sy s ekl baesle (550 ol 4 e
bl Ble S S [34] Glandlas ;5 0L 5 U
5 Vs glaosle o o Salus 0T 6l @008
Jmoly ol ol mls 03,5 Wl ol slaesl
Omdly (Fss 5 Sologs gy polal 2 o8 w0 o8 5 (6,15
Gh & Sl S @al B 0S8 o o b Slagal o Gl
el ol ey ol 3 [B] o i lelas el g
SaNle 5 Jos e U sln [6] OLKen 5 Cosx
538 L3S £l s aode VLl b (gdman slaosla
w3 5 apde dhe O KL asle as e O
Al S s 4 esle JIUT Ol 5 sl Sl
ol b edzplnil sla ot s o 0L adllas ol s

Ll a5 el o 5 D8 (28 Sl 4l
st T 4 ladlas 53 [7] 0LKes 5 oS
Gl eyl sy s sduslge o3Y 5 glals an iy
b baspe (ol ol Jold aallles pl 53 0l g
025t £33 4 BT 5 ptin (B oy Lo (e
Ll [8] 55 s alie Alis 55 O Ktags cnl
b bty Ul LRFD by b sleals S



[T]mz =

Y44 JLN/OO)LA.\;/MO)}J

oot Oles pwdige lags — ale aloe

@)

QT o aS

{Ad} =[T]e,{AD}

-1 0 0 00 0 0
0o 0 Lo 00 I

L L
001100000%010
ol 0oo0010=2o 000

L L

0%00000%0001
0 0 0 1000 O -1 0 0]

)

Spde ol (1)) el | Gllas

[K]lz*lz = [T]g*lz[ke]s*e[-r]eﬂz + [Kg]12*12 o)
v9) P Sl ey -T-Y
(i1,

s Db S Olse o (B8 G DL S

ol 52 [16] ssiie sk 55 P-A S5 2 b Jslas
SULE AU el eslizal Ll 5L (6w SO Sl R
2l G S gsame Sias b 55 pd (gleand DU
O Vodaly l 03 s pd e aale (V) daily Gb sae
D 5 e sosme S5 Pl e SN e Ll
L Ol b OY) daly cd s ol s 0K
G b dolas 2Vl il 5 (V) daly o0
o Sl (255 A (V) S8 53 38 e sish (25
el BC 053 0Ll sl (25 il b B 2

el 0l a2l

Ov)
(Ov)

M =Vh+PA

M =Vh+(PTA)h:(v+v')h

bl

355 3l SU PA BT 5.8 o J13 ey ap5e (V0 4
slesl 53 el sl G O x5 (P) o s,
ek e s 5l SGS @ 015 e e el (AL
Gilbae 15 O 5 0Ll S U3 s a8 e o LT (K]
258 k5 (1) ey b
—[ks]}
(k1

s e bole (V) alaly U ollae [Ks] alasly ol 55 oS

k]

-k "

[Kg]12*12 :{

i a -b 0 0 0]
a ¢c 0 00O
[K.]= -b 0 ¢c 00O )
0 0 0 00O
0 0 0 00O
|0 0 0 0 0 O]

.b_g‘j)l.gé{udﬂ(:jbcafﬁl)btwé\.g.bﬁjnéb.)&ﬁbux

yde Bore (O L)

a=|\/|ZB+|\/|Zc ™)
L2

b= My + My )
L2

C:E ©

S8 s 51 o e 05 Dl ol OIS

{AF}= [k {Ad} ")
{AF}=[AP AM,, AM,. AM,, AM,. AT]" )
(A}-[A5 A0, AGc Ay A0, AgT Y

Sop i« AT5 AM AP Ly, ol s &S
BBy 035 o S5 g 53 5 e ST (g s
by 5 et Ol (Sose Uit 5 4 A AD
o {AD} Ol O s 5 S, o el ol e
el Olo J{lé Q) aal, Jiw



ool S ol gl 3 5 a5 b glad lacilu 53 o3 450 Jos
ol b sy 5o P-A BT 550 sk e sl 55 5 ) YRS
- - A
AP EA 9 0 0o o0 o AS
L a P
AM 5 0 Cy Cy 0 0 0] |Aby D N
AMyc| |0 Cy Cy O 0 0| |AG 2By ﬁ”.TB
AM., 0 0 0 C, C, O AG, V4PA'/h
AM 0 0 0 C, C, 0] |0, o
AT o 0 0 0 0 % Ag 5
v C 4 \ C e« V+PA'/h
(o) =7 M=Vh+PA' ~ M=Vh+PA’

Alods 3 xe (A 5V)

FEOALNY) Luls, b il oo ,e S gl Ko i

Ll Ol
_ k —k3, +ky, A,GL -
Y 2Ky, +2k,, + A,GL
—k2 +k? +k, A GL
C2Y — 1y 2y ZyA‘sz (\\/)
2k, +2k,, + A,GL
_ klzz - k222 + klz A‘syGL OA)
Y 2k, +2k,, + AGL
P ki +k: +k, A GL
¥ 2k, +2k,, +A,GL
(8

UV QL;J JJG (Y') d.bb d«:Lw\ J.szy,z 9 kly,z

El .. El
kly,z = S1y,z (T)’ k2y,z = S2y,z (T) )

.}GJ.\)) J»Lw‘ By &S Lo LS)U".'.Ll c‘): SZn:yyz jSln:yyz
s o arle (YY 5 YY)
k,Lsin(k,L) - (k,L)?cos(k,L)

2—2cos(k,L)—k,Lsin(k,L) ifP<0
ifP>0 (V)

- (k,L)* cosh(k,L) -k, Lsinh(k,L)
2—2cosh(k,L)+k,Lsin(k,L)

Sln

P

Fig. 1. Assumed shear in assume lateral load method
(for consider of P-A effect)

MQUSJA‘)W&L@JJ‘ QM?@LSLAJKJ njla_:.l.a‘ja.a.o
slaolasle @l 1 o (18) aaly b glae 5 3,50 oo

Bl leas adl d
0¢)
. P
Vi :%(A' _Ai)

bl sl 4 b e Jlesl ol a4 & b L

@ oslee Slib 5 55 sl B e Ol I P-A 3
s s sla S alos 5 laie 4 (B b 51 e s
S Loge w kb B Ll 0L Sy s 4d e
fars 2B dslas e Lo bl b oplns, S 4 6,180
Ll s 4 ol 5l aib e gla S8 i 55 e
Lo il Sk i Sl el Ly &
bbsdome SU cpl 5 ol dlesl OB 4 315 sl ol
S Gl U e pl e Mo Jil ade 6058
Sl sl e e s o sleleans 4 b S
Ll 2l Sen candlas cpl 3 b o aolsl (Sl axly

w‘b.)u.:a“}aﬂl} r)%jfy)\ﬁ)ﬁ

Stk @lsf (p9y-T-1

SVsles (gL By 53 el &l Ll ulad 5 L
Oy Oledl Gl ol s, dslae ol il ol
e Oy 5 (010) e, IS5 4 S s 55 BC



Y44 Jb/iwL«i/MU‘)J

oo Oles pwdige Zags — ale aloe

oshe 4ol sad ildie [10] oS 5 b Loy
T Bl L st o b5 bl 5 ol
@ (\) J).\;— 9 (Y’) J&.;- el cbu\ uL; S P'A
e 5 IS a- b Gl g e aslie S S
o3 iy o sla gy 3l edelsay SL g o
g_,.i].p J}.\Z-L;d sdalis ..\.AJL;a QLLJ JUJ{ uLe J)jﬁ))l)
SN S e e Sle o Sl edel s w0 olg L
oo [10] o8 5 b a1 sl s s L
C\‘); Ui')) )‘ J.pb- C’b S48 3 k_ﬁyk:;-\ U'i\ ..5)\.3
/\Yl/i Jpjﬁ L5“”L>)L’ Uiﬂﬁ) Sy 03 /i/\Y 6)‘.)».»[.3
UJ-J‘?d'S:M ‘MJL.;“ ul..l.: Jl.?ﬁ uLé )98 3 @L’b RG
L;“énw U’“’:’J:L‘ Uj"j) L(P-A )UD r)b 4.~3JA J.“J>J U’i’))
NG
[10] 6,138 0 5 claseiin ol pon 4 JU,y OB LY SS

P P
H

P=H=300kN
E=19,613 MPa
V=017

o, =98 MPa

4

20 em
[ ]
r E-W cm, |

10m

10m

fTP7T

Fig. 2. Specification and loading of portal frame [10]
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Method Ultimate load (/)Difference
factor
[6] Chiorean 11 -
Stiffness Matrix 1/19 8/1
Stability Function 0/99 -10
Assume Lateral 0/94 14/5

Load
Table 2. Ultimate load factor of six story space frame
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Ultimate load Difference Ultimate load Difference
Method factor o factor o
(X-direction) (Y-direction)
First-order analysis 1 - 1/071 -
Stiffness Matrix 1/014 1/4 1/085 1/31
3story
Stability Function 1/04 4 1/014 -5/3
Assume Lateral Load 0/887 -11/3 0/923 -13/8
First-order analysis 0/83 - 0/84 -
Stiffness Matrix 0/79 -4/8 0/79 -5/9
5story
Stability Function 0/76 -8/4 0/76 -9/5
Assume Lateral Load 0/715 -13/85 0/715 -14/8
First-order analysis 1/09 - 1/1 -
Stiffness Matrix 1/03 -5/5 1/02 =112
Tstory
Stability Function 0/99 -9/17 0/99 -10
Assume Lateral Load 0/94 -13/76 0/93 -15/4
First-order analysis 1/23 - 1/24 -
Stiffness Matrix 1/16 -5/6 1/08 -12/9
10story
Stability Function 0/98 -20/32 0/90 -2714
Assume Lateral Load 1/01 -17/88 0/88 -29/03
First-order analysis 1/49 - 1/51 -
Stiffness Matrix 1/3 -12/7 1/28 -15/2
15story
Stability Function 1/06 -28/8 1/01 -33/11
Assume Lateral Load 0/92 -38/25 0/98 -35/09

Table 4. Ultimate load factor of three, five and seven story space frame in second-order analysis methods
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Fig. 11. Load-deflection curves of three, five, seven, ten and fifteen story space frame in x and y direction
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Abstract:

In recent years, structures for economic and aesthetic reasons have been growing larger and
thinner and this subject leading to non - linear behavior of structures. Therefore, the application of
different methods for considering the effects of second order analysis in evaluation of the behavior
of structures has always been considered by the designers. in this study to investigate the P-A
effects, analyze the nonlinear behavior of multi - storey space structures. in order to estimate the
effects of second order analysis in this study, methods of Stiffness Matrix, Stability Functions and
Assume lateral load method have been used. in present study, in addition to comparing the
accuracy of the proposed methods, examine the effect of the parameter height on the accuracy of
the second order analysis. the accuracy of the second order analysis methods is investigated by
comparing the results of the existing research. In the first part of the present study, after presenting
the formulation of three methods of second-order analysis of stiffness matrix, stability functions
and assume lateral load method, for beam-column element of a portal frame, a two-story regular
structure and finally an irregular six-story structure, that studied by previous researchers, the most
accurate second-order analysis is introduced by comparing the load-deformation curves. In the
second part, in order to investigate the effect of height of structure on the accuracy of second-order
analysis methods, similar structures of three, five, and seven floors were analyzed in two
longitudinal and transverse directions and the final load coefficients obtained from the second-
order analysis with The first-order analysis of the structures is compared. The analysis of three,
five and seven-story structures was performed in two assume lateral load and stiffness matrix
methods in OpenSees software as well as stability function analysis using Paap software. The
results show that, regardless of the height of the structure, the most accurate method for estimating
the effects of P - A in the second order analysis of different types of structures is Stiffness Matrix
method. although the first - order nonlinear analysis can generally estimate the final load
coefficients of the structures with good accuracy, the use of second - order nonlinear analysis in
estimating the final load coefficients of structures with different height leads to an increase in the
accuracy of these structures. Result show, the number of classes of structure affects the accuracy
of second - order analysis methods. so that by increasing the height of the structure, the accuracy
of second-order analysis methods has decreased and this reduction is more pronounced in the
transverse direction of the structure. As the height of the structure increases, the accuracy of the
stiffness matrix methods, stability functions and the Assume lateral load method in the second-
order analysis of the transverse direction are reduced by 15.5%, 10% and 7.2%, respectively. It is
observed in more than three storeys, the accuracy of the Assume lateral load method in estimating
the P - A effects is greatly reduced and the highest correlation with the height of the structure is
observed in this method. also among the second - order analysis methods in tall structures, the
highest accuracy is related to the method of Stiffness Matrix.

Key Words: space frame, P — A effect, stiffness matrix, stability function, assume lateral load,
height of structure.
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