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A STUDY ON TANGENT GEOMETRIC STIFFNESS WITHOUT INCLUDING INHERENT
STIFFNESS OF ELEMENT ITSELF

TEEERT - REEHEGT - HBRE
By Shigeo GOTO, Gunji ARAMAKI, Katsushi [JIMA

It is shown that tangent geometric stiffness matrices are obtained without
including inherent stiffnesses of elements themselves. The tangent stiffness
matrices are formulated by not using joint displacement vectors, but element
force vectors in prior conditions to increment of joint forces. Therefore, this
formulation of the tangent stiffness is available to geometrically nonlinear
analyses of actual structures

There are some cases in which element forces are defined for a element, and the
tangent stiffnesses are different in every cases. [t is proved that the
differences are due to the tangent geometric stiffness of a element itself in the

element coordinates
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(bdW:—L1°W3) /2ab?

K2,3 =

Ke,9 =

K2,

16 =

{bcW:i+ (a2—cd) Ws} /2ab?
(dWz2—DbWi1) /2ab
kKz.e =— (aX:+dY1) /2ab

kKs,s = {bdWa+ (a?—cd) W3} /2ab?
kz,12=— (aXe+dYz) 72ab

kKs.1s=— (Z1+Z2+23) /2ahb

ksz.1s=— (aXz:+d¥3) “2ab

Ke,o = (aX1—cYi1) /2ab

Ka,0 = (bcWz—L22W3) /2ab?

ks, 15= (¢cW3—bWz2) /2ab

kg.12= (aXe—cYe) /2ab

kKo 15= (Z1+Z2+2Z3) /2ab

ko.1s= (aX3—cYs) /2ab

/. BHTRAR—Z208EE.

[Py,

Qi,

Ril = [ X4,

Y,

e, f, g] =[b, ¢, d] /a. Hi =W, b.

Zi] /2p&lit,
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6. FHHEH

(1) Y r#EERERBEYOKELENT

M-90&k57%,. WE1mm, FMIFRECEF2KFA~OERERPAE]L 0moEE 2 FA=AF %1
T16H09 HHEEHEPSKL X/ 8 0m. 7 1 6 mOEBEHEYEHEEL. EIREORAIEEA
HEC X0 BENIE3 3mECTHL EF331ERT» 7.
REFOMBERESHME L. HEIZATHPREBE LTREHARC2 t { OBMEFRA~OANEEHEE
T, $BEEMMDE0. 2~1mEH5A. K- 1 0R3EMFHEORTELMN., HIFKIAOR B &
CEEHEROFRIMOEMDORERE 7S 7 LcdbDTH %,
BEMESBBONEREENPEOELC, £- 2 CHEBEMIm>» S50, bmESALBEORRE
BREOBEAREHN (t 1) OHEBERT,

RE, COBOEMHEEAEI. 650t th54, 022t L3,

(2) RIEERCEZHEKOBBNKELER

K-110&2R8E&E50cm, Ex2. smOoRFEBERERE2 cm, HAA50cmo 1 8 HHE
EA SA-AFER] OROESEAM TR LA b0k EFcHASH, 0. 1t 2FEEL. 848
FHEITE S BTSSR BEOHEEIT» o ABKTREZAREROMAMTIER L TV S,

K-110ZFFEKINES9I. 4t { OBETIDEEDU, v . WHEOERREFNEN -804, 14
22, 753mmiciET %,

P=701.912 ton R-2
1 Bk 5P
0 §587. 5328
1 436. 4517
2 22.3293
3 486. 1922
8 TR % OTHEK 4 12.7493
& 5 0.7927
" § 0.2629
7 80m 13 J
7 0.0018
K—9 8 0.0000
% LW
fI {30 ////~——~—*—
(m) Ldwe
2.5m )
20 £
AWz I P
E 12
\\V\ P qutf o
10 | =1
0.1 tf
20 30 40 50 mE h) 0.804m 1422 m
H—10 K—11
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M—-12R8hETORBENEHBFNILOTA v IR LHEWHRIOEM EOHEZERLILSDTH B, I
HETOREEE ., NEAEOXER LHEED L - TER LN, BEOREBSE LRV EL S, +
BB » FEPNELTELRLDREEAR S P B OBERIGFESTREER 5,

KB EVHBETREBLOHEESE LTHENE4. 5t 1 0BEEHIBALEE. R4 REANE
EO. 1tf&EMEL. 5t AEHIBABE. R-RCAERTREL L THEFERS%0.
3t {EHSEBEORRAFEET, AEHE— A YV PONERRAER LSO THD . BUOLEES
BETREONREBEZ L HEMSONELE2H0TH 5,

RBHEPEEZIZO, 001 tf, tfm&LTWa,

T #-3
& [1500
(rrm) [A1%& s P M
0 4.5000 0. 0000
1000 4v 24w 1 0. 6359 0.0106
2 0.0000 0. 0000
500
5 10
EEEE (tH)
K—-1 2
-4 #-5
EIE53 S P M [ml% SP M
0 4.5011 0. 0000 0 0. 3000 0.0003
1 131. 9435 5.9851 1 49. 8406 2.7872
2 2. 6408 0.3119 2 1. 4730 0.4107
3 339. 0579 10. 6655 3 13. 3547 1.0111
4 0.7836 0.2258 4 2. 4970 0.6413
5 44.1250 1. 4781 5 0.8615 0.1843
6 1.3002 0.3299 6 0.3751 0.1051
7 1. 9016 0.3792 1 0.0962 0.0287
8 0. 6561 0.1718 8 0.0743 0.0221
9 0.3076 0.0364 9 0.0279 0. 0081
10 0.2514 0.0732 10 0.0160 0. 0046
11 0.0167 0.0023 11 0.0075 0.0021
12 0.0369 0.0108 12 0.00836 0.0010
13 0.0099 0.0027 13 0.0017 0.0005
14 0.0053 0.0015 14 0. 0008 0.0002
15 0.0022 0.0006
16 0.0010 0.0003
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