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ELASTIC-PLASTIC ANALYSIS OF SPACE FRAMES

By Shosuke Morino

Synopsis

This paper deals with the methods for the analysis of elastic-plastic behavior of space frames
for the following three types of failure: 1) plastic mechanism failure, 2) buckling failure, and 3)
overall instability failure. The frames are assumed to be rigidly jointed and to be made of material
with elastic and perfectly plastic properties. All loads statically increase (or decrease) in fixed
" proportions and their directions remain unchanged during the entire history of loading. Numerical
examples are given to illustrate application of the methods developed, and to discuss elastic-plastic.
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Fig. 3 Member with plastic hinges at ends A Fig. 4 Yield condition and plastic hinge
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Table 1 Properties of sample frames.

Examples 261 2.6.2 2.6.3
Beams Columns

A in? 41.76 22.94 0.8351 0.075

J in4 — — 0.4773 2.78x 104
I, in® — — — _

I, in? —_ — 0.2419 3.906 x 10~
I, int 3403.1 851.2 0.2419 5.625x10-3
Z, in3 — — 0.3635 3.909 x 10-3
Z, in3 — — 0.4039 4.688 x 10-3
Z, in3 357.0 134.0 0.4039 5.625x 103
r§ in? — — — —

h in — 180.0 48.0 9.5

l in 36.0 — 55.6 9.5

E  ksi 30000.9 30000.0 30000.0 30000.0
go  ksi 36.0 36.0 36.0 36.0
Cross section 21WF142 14WF78 Circular Tube Rectangular

G=—mF:‘_—y)— =03




I LRE OBBH BT 117

WEFS P LEHISEOES dU™ L oficiz @)X & REOBER
PO=KM GO e L (25)

DRILL T3, (25) ROWEH S, n BEOKRMBEYSICHT A SEMES du,0™ B KOEH W E
FIHG dF ™ LR S Bhs, MERE 4. 13 QORKENT 3

G(F;-D 4 3dF 2 m)=1.0 G=1,2, ) v (26)
PoREZ m ED 2 OB/MEELLTEZSNS, #oTn BB VORETAHEL LXUEHIEE
HERI,

_P(n):P(nnl)_f,_l"PU
U(n)=P(n—S)+lndU0(n) 1
........................................................................... @70
u,‘"’:u,("‘”-kl,,dui“‘") .
Fj(")sz("_‘)—{»—Z,,dFju(") J
pH pH
ot 6
] 2l W 142
R
15" p= 208 E
q=4.16 g
L 7777 777
30’
30 4
— o ——————
=TS (Boft)
20
H -
(kips) 4 3 ,','
10 /
2 !
| L
0] 2 3
3 (in.)

Fig. 7 Load-deflection curves of portal frame under in-plane loading.
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Fig. 8 Movement of force vector at plastic hinge 1.
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Fig. 9 Load-deflection curves of one-story triangular space frame.
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Fig. 10 Load-deflection curves of portal frame under transverse loading.
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Table 2 Properties of sample frames.

Examples 3.4.1 34.2 3.4.3
A in? 1.267x 102 14.4 10.59
J in4 2.474x 1075 1.39 0.90
I, in® 0 2073.0 811.1
I, int 1.237 x 10-5 93.0 23.7
I, int 1.237 % 105 171.9 280.8
Z, in3 — — —
Z, in3 — — —
Z, in3 — — —
r§ in2? 1.953 x 103 254 28.75
h in 7.875 50.8 120.0
4 in 10.625 152.4 360.0
E  ksi 14000.0* 30000.0 30000.0
oo ksi — -— —

Cross Section Circular Rod 10WF49 12WF36

G=2(lli v) *’;Z?)gs
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Fig. 12 Buckling loads of one-story triangular space frame.
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Fig. 14 . Buckling loads of one-story square space frame.
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Fig. 16 Buckling loads and modes of portal frame.

—19 —



128 FRP KB EAERE 5 5B (HE. 47- 4)

HREHOZERC I IEBHEOXZRIRELH5HLATIAL,

4. FRERREERICANIIEBEOREM R

4.1 RE
RREBRAELZBICAN: IRGHOBIFICH > TRIF O REDOKBAL, FTIC2.1 Ti~b
hAARERAREEZR LEOCBAORELARTHS, TR 21 ThYshi-BEL RIES601E0
ZHET 5,
a. BREHR
L BREERE
0.95£G(F)S1.05 .................................................................................... (45)
THZo6h3,
2. L£WHERD E— 4 b3 Warping Torsion 721310 & » TAT 5 & A WIS S 82 MHE THRIRE 7, IT
FELUIERE UTEHET 5,
b. B X OER
. BHOHNARBAEDLTUSHFERITHEOREBTELINEY, 1tbABICZOMMSIBMNT
HBHEMELTCHhSOKIIERT S,
2. BHOPEAICEE Y SRRET AT ERIIESRT S,
3. RORBHERSZOLREMESBOLTETZLICHEIATHLS,
4.2 BHBEEAHICK » TERINI-BHBIETT
Fig. 17 IGRSA TV 3 X578, HHEEIC 6 MOERL b OWMEN~Z P 2Z0TER LIBHOH
SREEZ 2EETF LR IKB LTUTIRRT 3IRTEDIL B,

"YUy

A
M Ba | Ba o s '

xqg —— - K = Xy Uyx
A g Rb Meb
Pza Pzb
qu Mzb

z,uy Fig. 17 Member under member force vector and end

deformation vector.
ELu,” +Pay (= tt30) = Poa "7 (so— a) + {Mat (= Moa+ Mo} 0,
— Moy =Mya—T-(Mya+ Myy)
ELuy +Psq (uy=tya) =Poo 7 (yp—tya) +{—Myat-7-(Myat My} 0,

— 920 —



FH : MR FHOMBHREN 129

+Mpu,”=— za+%(Ml¢+Msb)
EL0." ~(GI~Paar)8s" + {— Mot -1-(Mya+ My}’

+{"‘Msu +%(Msa.+Mzb)} uz’

1 ' 1
_T(M71+va)uv'_-f(Mza"l'Mzb)uz:_‘Mz J

ChoDRR—BEHICALLNZ DO TH IO L TRFYEEBRT S, ChdORSHEROBRITE
ZHBET LTI, SETROONIHAHICE > TERIhBHEIRD X 5icid, BFHICKE
ShICHHAEERD 2 L EBTERL, CCTRUTIGERBHETRHEICHE > THHT 3 2 Hikkl:
DB LCRY AEENIICKRYD, BHBRICHERT IHENR? b EER~RY P AL OBEEERD T,

FTUO)RDERE v THH LT

2
L

ELu,+Pogu,” = Mayuty”' +—5(Meu+ M) 0,7
= Mo+ 5 (Muat M)} 0,7 =0

EI.uv’”+Puuﬂ"+M;bu,"’+%(Mw+Mw)ﬁz’
+{— Myat 7 (Myat Myp)} 0,77 =0

EL0.—(GJ—Puati0s" +{— Myat—(Myatya)bu,”

+{—Mm. +—z'(Msa+be)}"':”=0
BRONS, LTT, BHEICHR>TAMTD vy Uy 0. RN «» DBHERNTEDINI LRET 5,
TRbDH,

uy=0;+}a,x a5t tagxdta,xt }

u,=by+b;x+byx2+byxd+byxt
Oz=cptec x+cyxdtcgxd+c xt
TLTapbiye (i=0,1,234) BREEETHS, @OREUDRITRAL, POEREE
2=0: uy, =uy, U; =Uz 0, =044
uy, =0,, u/=—0,, 0;=0
g=L: uy =uy u;=uy, 0r =0
Uy =0 u,/=—0y4 0,°=0
EROTRARBICOWTEL &, a5, b, ¢, DZh2hIIERMIC
a;=A(F,, Fb)'ua“i'jt(Fm Fy)eu,
b;=B(F,, Fb)'ua+Et(Fas Fy)eu, }
¢s=Ci(Foy Fy)-tug+Cy (Fo, Fy)ouy
LEbah3d, T Fo, Fy BEHBEICE G SWEH~<Y ba, 4, By, C, 4y, By, Cy BEFEH~<7 b
NVER LW EEREROBBEERICEDITRY b, ¥ ue U REHIBBER~7 A THB, (50)
AP SRABBRBEERI PO 1 KIEEGE LTERRTES LRSS, G0)XNE @)RILKRATELE
HHICR > TR TR bBBICRVABREB0S, ThEURIKRALT, 2 2=0BIC s=
LEBLCEIRE>T, BHBHI/ERATIAMBNRI b Foo Fo KER T b v, uy OEFKDH(L)



130 AR EFEFERFISEB (. 47. 4)

ALAROETRE 5, $U4bB
Fa=koa'uatka'u, } .............................................................................. (1)
Fy=kyo*uq+kp'u,
TR ORERIME S~ b Fo, Fy, CHiEERICET 2HBOERTERTH S,
D ERER SO BHRETHIOEGEOF L BT ERD, &
BOHRBIHBRICEETHD, ¥ OBRERORABFERICEODT,
CCREWT S, CCTHRINHAROTFHERIETEAINL, #h

ie Ik - T IR ST BHEERS b 0BA & ARTHEY, 3ETR
- AT (28) ORHIHIIC KD SR BDICH LT, T CTHEOK
\\\ £ (8) RO & 5 I LI SR > T B, ¢ OEBEARHT 57

»ic, Fig. 18 [GRT X 515 2EROEHEE O F 5 M OBR 21T - 72,

Fig. 19 \C3#id 2 EH D &, BMPREICEY 3 2HROB DA

14W43 LB mOBEASEIN TS, BT SEROES, bbb Lir,

=40, 60, 80 DHIC DL T Y FILRB CRACHEIN T3 L€

L LCfibhiz, Fig. 19 0&KIcELT, ERIZC T TEINIEBLY
TR BIEEIC & AR R TH-T, L/r,=60 j{t o> T i3 Culver'®

DEMR (—E8), L/r,=40, 80 [toL>TIkESFICL BB (HE)
EbbbeTHUL, SRR, SHESHEUIBRESEBC

L, ERBIbIORICL 5B ERVAOBOKED BT LY

&(/ 2 Fig. 19 o bh s,
> 4.3 BHELEOHRFEN S BBHERINE
\P BHEEE S ICE > TEBRINCBHRIETS & 2ok 2 L EH4
KITHTEHEHER
Fig. 18 Eccentrically loaded PoKtU oo (52)
column.

B2 BTRINLFHELARICLTEL CETES, 2HRIAL
FRERRLER LTLIAGHEOREERIT TR, CORMBHTHE0, By VOEFEEED
HELBEEENERICRD SN, (62) REBEOEE K* HHE P OBMICK > T 57 (DR
EHBWERICH UTHERL CENTERLD, ZRORMEHTIC SR> TR, ETHIMEL ~AICHT 3
BHEE O | EDEE B O MBRIE A - TR, < OEBRIC L > THRERE K* 2BELT, 55
1BT G R > BEIEE D 2 EBAKD S &0 3 REEEMOTH 3, RBREMEEINKT 5E T
REIN, HAIWELVICHT 2HOBEBEIREEING, COBMGE, % DK LEWiEhH~7
FADS B0 L EREREARERRET S LS UHEL <1 EH 50 L FHT 3 LRATETH 35,
CTTRBKLEME S~ b A DT RTEBREER @5 ICRALTREL, OREWELTL3H4
i, Wiy VBRI NI b D& LTHHBIEOHE S (15) RITH » THL, k0BRSS ORAIC
ot WEL~ADBEBRATRINCGES ¢ LIRAE 505 K5 ORBEM TRAIEEHIE LY
BAIE, HELVAZHE LD bFFECEICL-T, BUONE—ZHMROTRARSFOREBTL
3.
4.4 BHEPI
BIHE TICRAS Ui FHRIC X » T, MBI OSTAEHL O HIBHIRITE T 7o, BEUBIR, SHIFE R
Table 3 {77,
441 E4BEDTHER
Fig. 20 {C 3§ AR E &K TR A QI S N7 IE 4 AR ST B 7K T AT B — 2 R OREHT
BRMFINTLS, C OB Ovune NHBHRK £ -7, BDICTHBEDOS 2BE%, Z0¥E

— 92 —



W - SR ORI 131

(KIPS)

(KIPS)

[ ! 1 1 1 N
0 0.02 004 0.06 0.08 0.10 0.l12

uy (IN.)

(KIPS)

i | 1 1 1 | F——
(0] 0.2 0.4 0.6 08 L.O 1.2

uy (IN)

Fig. 19 Load-deflection curves of eccentrically loaded column.
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Table 3 Properties of sample frames.

4.4.1
Examples 4.4.2 4.4.3
Beams ] Columns
A in? 17.64 | 17.66 7.06 12.65
J  ind 7.40 2.53 0.35 1.06
I, in® 3629.0 2666.0 258.1 950.0
I, ind 471 116.5 18.2 45.1
I, in? 984.0 343.7 82.5 4790
Z, in 53.94 38.01 14.43 33.4
Z, ind 20.58 35.05 8.52 17.2
Z, ind 1226 75.1 231 60.7
3 in? 58.45 26.06 15.13 37.5
h  in — 144.0 96.6 113.2
I in 144.0 f— 48.3 113.4
E  ksi 30000.0 30000.0 30000.0 30000.0
oo ksi 34.0 34.0 36.0 36.0
Cross Section 18WF60 10WF60 8WF24 14WF43
__E _
G-—m v=0.3
23751 2875H
1.625H 2.125H
Beams I18W 60
. Columns IOVF 60
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354 — O
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5 6 7
Second-Order
H
(kips) SO
3 4% 813 4
na &7 5
1
Ovunc First-Order Second-Order
l 1 1
(0] 2 4 6
S (IN)

Fig. 20 Load-deflection curves of one-story square space frames.
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Fig. 21 Load-deflection curves of one-story square space frame.
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Fig. 22 Load-deflection curves of one-story pentagonal space frame.
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Fig. 23 Load-deflectioncurves of two-story triangular space frame.
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