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x a Ll f g P m/p
x=—,a=—,Li=—,f=",g=",p=— 77=T,
LO LO 0 LO LO PE (1)
0,( %) v,(x) v, (%)
v(x) = 07 v(x) =— v, (x)=—
L, L, L,
5 S L, - 2
By =—, 8=—, M(x)=——M(z), Q)(x) =—— Q(%),
L, L, El 1
_ _ _ o (2)
Ly - Ly - Ly - EI
Q=—"0, 0 =—0Q,, F=—F,B=—7,
El El El E.I
d, =d,/L,, d, =d,/L, (3)

ARG TE i 2 1k 11 2 SO N AR I A AR D5 R LRI SE 3R PR AR S R O
S

M (x) == v[(x) +(x),
Qi(x) = dn™vi(x) + [v(x) = 0"(x) ],
Oy = OSJ;[vf(x) 1?dx - O.SJ:)[UQO(x) 1%dx,

S=4n*/A] +6,,

(4)

Hor A, IR, () "Xt « sKR— B 4L,
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IR BRI A W A8 NA% 32 T N8 3 (a) Fis , Hoh AR EE v, (x) o BOeRi B, 5390
F o, (x) 0,(x) 05(x) ,v,(x) ; BERIZITUWE 3(b) Ui, P ERBE o (x) HorBk%, 7
TR v, (%) 0,(x) CHHE N S ERAERA A MERASERT, 2 AR A S5 T, DU % il )
JET7 p BRI s5CHZ Al 1) 225 SR iy 2K

HR A A% - 7 B
F=Q(1-2L)/(1 =L —a), Q, =Q(a-L)/(1 =L, —a). (5)
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(a) The force diagram of the point contact in the inner core (b) The force diagram of the point contact in the sleeve
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Fig. 3 Diagrams of load and point contact reactions between the inner core and the sleeve
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v (x) + 40, (x) =— w'd,sin(mx) - 4w’ d,sin(2mx) , 0sx<1L,,
v, (x) + 4n°v,(x) = Qy(x = L,) — wd,sin(mx) — 4m’d,sin(2mx) ,
L sx<a,
v (x) + 4n°v,(x) =Q,(1 =L, —x) — wd,sin(mx) — 4m’d,sin(2mx) , (6)
asx<s1-1,,
v",(x) +4n°v,(x) == 7d,sin(mx) — 4mw’d,sin(27x) ,
1 -1, <x<I,
NSRRI A
v (0) =0, v,(1) =0, v, (L)) = v, (L), viy (L) =v},(L),
vpla) =vy(a), vi(a) =vi(a), (7)
va(l=L)=v,(1 =L),v,(1l -L)=v,(1-L,).
RGP EEFR T TR AR B E S, KT v, (1) 0, (x) BB RN
V" (x) ==BQ,(x - L,), L <x<a,

"oy = (8)
Vio(x) ==BQ,(1 - L, —x), asxs1-1,,
I BB SRR
v,(a)=v,(a), v,(a)=v,(a). (9)
WIS ER I ARIE PR &N
va(Ly) =0, (L), vo(1 = L) =v,(1 = L,), (10)
vp(a) —g=v,(a), (11)
v,(a)=v,(a). (12)
HI AL B AG Tr TTRE (6) AR RIS S 55 F () 14
v,(x) =C(1)cos(2xm) + C(2)sin(2xm) + h(x), O0=sx=<1L,,
v,(x) =C(3)cos(2am) + C(4)sin(2xm) + (x = L,)Q,/(40*) + h(x),
L sx<a, (13)

va(x) = C(5)cos(2xm) + C(6)sin(2am) + (1 =L, = x)Q,/(4n") + h(x),
esx<1-1L,,

v,(x) =C(7)cos(2xm) + C(8)sin(2xm) + h(x), 1-L,sx<1,

Hrp
h(x) =a[d;sin(mx) /(7 = 4n°) + dysin(2mx) /(7 - 7n*) ],
R R KL C(1) ~C(8) A
C(1)=0, C(3) = Q,sin(2L,m)/(87"), (14)
C(2)=csc(2n) {-2[(a-L)Qy+ (-1 +a+L)Q Jncos[2(- 1 +a)n] +
Q,sin(2L,m) = (Q, + Q,)sin(2n — 2an) + Q,sin(2n — 2L,n) } /(87n°), (15)
C(4) =csc(m)sec(n) { —4[(a - L,)Q, +
(= 1+a+L)Qmcos[2(-1+a)n]] +
2Q,[sin(2L,m) —sin(2n = 2an) ] + Q,[ —sin[2(1 + L,)n] -
2sin(2m — 2am) +sin(2n - 2L,m) ]}/ (329°), (16)
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C(5)=12[(a-L)Qy+(=1+a+L)Q, Incos(2an) -
(Qp + Q) sin(2am) + Qsin(2L,m) }/(87°) (17)
C(6) = ese(2m) L= 2L (a = L)Qy + (~ 1 +a+L)Q, Jmeos[2(~ 1 +a)n] -
20(a-L)Qy+ (=1 +a+L)Q, Imcos[2(1 +a)n] + Qysin[2(]1 +a)n] +
Q,sin[2(1 +a)n] + 2Q,sin(2L,m) = Qusin[2(1 + L,)n] -
Q,sin(2n = 2am) - Q,sin(2n — 2an) + Qsin(2n - 2L,m) } /(167n°), (18)
C(7) = 00420 (a = L)@y + (= 1 +a +1,)Q, Imeos(2am) —

(Q, + Q,)sin(2an) + Qsin[2(1 - L))n] + Qusin(2L,m) } /(8n), (19)
C(8)==cot(2n) 12[(a =L)Qy + (=1 +a+L)Q,Incos(2an) -
(Q, + 0,)sin(2an) + Q,sin[2(1 = L,)n] + Q,sin(2L,n) } /(8n’) . (20)
HI S 1P A o T R (8) IR SR (9) BTE W 251 (10) 75
v,(x) = (3Lx" = )BQ,/6 + C(9)x + C(10), L <x<a, (21)

v,(x) = (& +3Lx" = 3x7)BQ,/6 + C(11)x + C(12), asx<1-1,,
N REC(9) ~C(12) N
C9)=-{-C(T)cos[2(-1+L)n] + 2d,w’sin(2L,w) /(7" - 7n°) +
{[[-3a"+2d’ -6a(-1+L)L, -2L1Q, +
2(-1+a+L)0,]18-6C(8)sin[2(1 - L,)n] +
6C(2)sin(2L,m) }/6} /(1 - 2L,), (22)
C(10)=- {L,[[-3a> +2a’ = 6a( -1+ L)L, +2(-1+L,)L]Q, +
2(-1+a+L)Q,18}/(-6+12L,) - {C(7)L,cos[2(-1+L,)n] +
d,(=1+2L)msin(L,m)/(w - 4n*) - d,m’sin(2L,w) /(7w - n°) +
C(2)(-1+L,)sin(2L,m) + C(8)L,;sin(2y = 2L,m) } /(=1 +2L,),  (23)
C(11)={6C(7)(-7 +n°)cos[2( -1+ L,)n] + 12d,m’sin(2L,w) +
(m-m)(m+m) x[[2(a-L)*Q, +[~-3a®+2d° +2(~1+L))" -
6a(-1+L)L1Q,]B+6C(8)sin[2(-1+L,)n] +
6C(2)sin(2Lm) 1} /[6(-1+2L)(w-m)(w+m)], (24)

c(12) =%{6C(7)Llcos[2(— 1+L)n]/(-1+2L) +

6d,wsin(L,w)/(m - 4n*) + [ - 6d,m’sin(2L,7) +

(m-n)(w+n)[6C(8)Lsin[2(1 -L)n] +(-1+1L,) x

[[2(a-L)’Q,+[-3a"+2a’ —6a(-1+L,)L, -

2<_ 1 +Ll)2Ll}QIJB +

6C(2)sin(2Lm) J1]1/[ (-1 +2L)(m-m)(m+n)]}. (25)
N SER AR R W R N S E R RIS (11) B v, (x) v, (x) AR

ANZA AR 1S Q,
Q,=1{96(-1+a+L)n'cos(n)[(=1+2L)[d,7 (-7 +n)sin(am) +

(m* = 4n*) [g(m =) (mw +n) - d,w’sin(2amw) ] +

d,ym’(m=n)(m+n)sin(L,m)] +

(= 1+ 2a)d,m (" - 4n*)sin(2L,m) Jsin(n) } /{ (7" - 57°n> + 4n*) x
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[6(a-L)(-1+a+L)+6(1+(-1+a)a+3(-1+L,)L Jcos(2n) -
3(1 - 2L,)> xcos[ (2 —4a)n] —6(-1+a+L)(-1+2L) x

cos[2(1 —a+L)n] +6(-1+a+1L,) x

(= 1+2L)cos[2(-1+a+L)nm] +
6(a—-L)(-1+2L)cos[2(a+L,)n] +
4(a-L)(-1+a+L)(-1+2L)n[3+4(a-L,) %

(=1+a+L)n lsin(2n)]} . (26)
FIHZ(4) AT RS RIS DL Y R
Q,=0, Osx<1L,,
Q, =0y, Ly sx=<a,
(27)
Q,=-0,, aesx<s1-1L,,
Q,=0, 1-L,sx<1,
M, =49°[ C(1)cos(2xm) + C(2)sin(2xn) + h(x)], 0sx=<1L,,
M, =49°[ C(3)cos(2xn) + C(4)sin(2xn) +h(x)], L <sx<a
M, =40’ C(5)cos(2xm) + C(6)sin(2xn) + h(x)], a<x<1-1,, (28)
M, =49°[ C(7)cos(2xm) + C(8)sin(2xn) + h(x)], 1-Lsx<1.

M SERNZ (K 3) NS ER M A L, WS ER RS W EN
¥ SER AL IMASME(12) B v,(x) o, (2) RAZ T, Zad %8 b # )5, #5E o«
TN
0,/ (4n°) + h'(a) - 29C(3)sin(2an) + 2nC(4)cos(2an) =
BOQ,(6L,a + 3a*> - 6a)/6 + C(11) . (29)
NS EETEE T A fEAHSER B o (a) =0 (a) , SAEARRSES I i p = py, =
4(77M/Tr)2,7)M OEaT yaE )
w'[ - wd,sin(wa)/(w = 4ny) - dnd,sin(2ma) /(7w - ny) ] -
477%16:(3)005(2‘“7\1) - 477%16(4)Sin<2(“71w> :BQI(LI ta-1). (30)
3 B B 5 Uk
SCHR[ 15 ) FRIe b o il RS oA S E R K E LT 09X LR il i, STk [ 15 ]
(P AR S fT K BE B g N A B B L 5 BRIEE RIS, SCRIR[ 15 ] R S5 AR SR TRl Y
BRAERTLE T Q) , Q7 M 43 IR SCRR[ 15 VAR TASC Q,, Q. M, (IS IHA . NS E
R RS AT PR B, = E, =2.06 x 10° N/mm? ; N#%—Fr . i th 29
25 B IR AR 94 d, = 1/1 000,d, = 1/1 000.
REFBARSECN W AR D, =45 mm  BEJE 1, =4 mm; B H4% D, = 102 mm , BEJE 1,
= 14 mm; WAZKE Ly =2.008 m, AZ MR AR L, =0.001 m; WA SERE 2 A S B g
= 14.5 mm JHV B TCENE F .2 =6.911 x 1078 =0.028 5.4 3C 5 3CHA[ 15 ] BB AR R 1

Gk 4 P Horp N R R ) p- Bl A2 A% 8, INZRXS FLINIET 4 (a) 5 9 4(b) 45 S Al By
Bt Q, BIAHXT2EME; B 4 (e) 4(d) 2 SR Be AL BT T Q, SNAZ A FE M, BOAR X 22 1A
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A S FE T, TR S R AR AR R B, B 4 (a) (4(b) (4(d)
HARSCE SCRR 15 TR RSB R 4 (o) T, R B B W) 5 B s Bk 1 AR SRy B
WHES AR IR L AL 4 (o), AR H BEAY BY T 2250 K, s i FAESCRRL 15 ], Y
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HEBLIBY 10 0 PRIk A 22 S0 S AR A B e [ 1) 22500, s B P 1 A SCHE 3 A IE i
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Fig. 4 Comparison of the theoretical results from 2 mechanical models for the example
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SCHRL 1S ] B 46 L an &l 5 B .
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L, =0.15 m, WES5EHZ AR g = 22 mm A TCREAE K g =9.565 x 107, B =
0.129. 4 3C 5 3CHR[ 15 ] RIS R %) e an#l 6 Fri.

2.017 120+
s 1004
1.6
8 s
g o = 801
Qo Q * o
T*; 1.21 s Q
L 0.89 5 Q
s ¥ 2 1C 40
£ 04 1 —a—our theoretical solution e 204
iy —o—ref. [15] theoretical solution
0 B T ) T T = I 1 _a O T T T T T T T T T 1
1.0x10~ 2.0x10~ 3.0x107 04 08 1.2 1.6 2.0
axial displacement of inner core dy inner core axial force p
(a) W p-6y MLk (b) Qg AR 22 {E
(a) The p-8y;curve of the inner core (b) The relative difference of Q,
= 1254 = 200
8~ =
5] e
22 759 2 = 1601
O« - ] S ~
= Q =] =)
B . 251 s T 1204
% g 1 —-—p=1.5 ‘é §
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Fig. 5 Comparison of the theoretical results from 2 mechanical models for example 1
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o X 1257 = 3001
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Fig. 6 Comparison of the theoretical results from 2 mechanical models for example 2
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2.04 140 -
_ 120
a, 1.6 A .
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£ 32
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i —o—ref. [15] theoretical solution
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Mechanical Model Research on Point Contact Between
the Sleeve and the Inner Core With Over-Hang
Lengths for Sleeved Columns

ZHAO Xiaofeng'?, SHEN Bo'’, MA Kejian'>, LIU Panpan'?’,
WANG Hui'?*, WU Junyang'?, YANG Lei'?
(1. Space Structures Research Center, Guizhou University,
Guiyang 550003, P.R.China;
2. Key Lab of Structure Engineering of Guizhou Province,
Guiyang 550025, P.R.China)

Abstract: To study the sleeved column with inner core over-hang lengths under axial compres-
sion, the deformation process of point contact between the initially bending inner core and the
flexible sleeve was studied theoretically. The 2nd-order differential equilibrium equations of
small deflection were used to deduce the formulas for the physical quantities including the de-
flection, the moment, the shear force and the contact reaction of the inner core and the sleeve,
etc. The comparison of the theoretical results shows: 1) for the inner core with over-hang
lengths, the contact process significantly increases the bending axial displacement of the
sleeved column under axial compression, and reduces its nonlinear axial stiffness; 2) the con-
tact process dramatically raises the reaction forces between the inner core and the sleeve ends,
even more sharply with the increase of the axial compression; 3) the contact process remark-
ably magnifies the shear force and the bending moment of the inner core, and the moment in-
creases faster especially in the case of a larger flexural rigidity ratio of the inner core to the
sleeve. This research provides a basis for the design of sleeved columns and the end connection

between the inner core and the sleeve.
Key words: over-hang length of the inner core; sleeved column; mechanical model; point con-

tact; buckling
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