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ABSTRACT

The lube in tube structure is one of Lhe most efficient systen
for resisting tatecral Joads. The elficiency of this system 1i:
derived from pgreal oaumber of rigid joints of Lhe cxterior (rames
tube in addition to (he interior shear wall bending rigidity[?1 . T«
make an approximatle  apalysis Tor preliminary design  of  this
structural type, Lhe three dimensional analysis (or the tube in tubc
system and cach component {(core shear wall and exterior [ramed tube;
undee voilform laterai joads arc presented. Based on knowiag the
laterat displacemeul  {rom compuler resullts, the average lateraf
Teads Lthal resisted by each part of the tube in tube system ar:
decived as a funclivn ol the stLiffness ratio (euch part stiffnes:

retative to Lhe overall Lube in tube stilffness). Also, th
distribultion of Lhe average lateral loads through the height of each
part are estimaled as a fFunction of the building height. Thu

results of this method proved that iL is simple and case way for
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cstimating the latecral loads distribution Dbetween the exterior
framed tube and interior core shear wall and then, each part can be
designed separately. The lateral load distribution between the core
stiear wall and Lhe extcrior {ramed tube are prescnted,

[NTRODUCTION

Because of Lhe demand for column-free office space, it is then a
natural solution to eliminate all inlerior supports and provide
closely spaced exterior columns, thus creating a framed tube and use
a shear wall c¢losing the entire service corel?l, The resulting
slructural syslem consists of an inner tube c¢reated by the shear
walis and the ovvter Llube consisting of Lhe closcly spaced column
syslem, Lhe Llwo  systems connceted Llogether by the floor slabs
creating what may be called a tube in tube system Fig.({1).

The tube in tube system has the advantage cf both the [ramed
tube structure as well as the shear wall type structure. In fact,
the core shear wall inner tube greatly enhances the structural
characleristics of the exterior (ramed tube by considerably reducing
the shear displacemenl ol the columns of the framed type. The tube
in tube structure subjected to lateral loads will primarily act as a

shear wall-frame interactive syslem, interaclion being belween the
interior shear wall (ube and the sides of [(ramed tube parallel to
Lhe direction of the lateral locads!3!. Tor approximate analysis of

the shear wall-Trame inleraction type behaviour of (his system, one
of Lhe mosl direct approaches would be to estimate the lateral loads
distribution between the two individual systems. Then, L(he two
individual systems shear wal! and framed tube can be designed
scparately.

ANALYSIS TECHNIQUE

To derive the interaction lateral loads between the two
individual system shear wall and {rawmed tube, the shear displacement
for each individual system and for (he Lube in Lube system that
combines the same shear wall and the framed tube must be estimated.
After knowing the shear displacemenl, it can rstimate the average
Ipad ratio that are resisted by each individual system. The average
resisted lateral {oad can be calculated as a function of the
stiffness ratio of cach part of the structural system, framed tube
and core shear wall stiffness relative to overall stiffness for tube
in Ltube syslem. Fig.{1) shows the plan ol the tube in tube system
in which, the shear wall has been localed at the cenlroide of the
lcamed tube slructural system. The properlies of (he shear wall are
kept Lhe same Tor all casces.

LATERAL LOAD COEFFICIENTS

The properlies of the structural system is taken as;
The [ramed tube aspect ratio = 1.0
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The number of [(ramed tube columns = 36

The number ol [lramed tube bays = 36

The spacing between columns = 3.0 m
The overall structural height = 120 m
The unilorm lateral pressure = 0.1 t/m2

The propestics of the core shecar wall are kept the same for all
computer runs and the dimensions of the connecting beams were 50 x
80 cm. The stiffness of the framed tube are taken as a variable
paramcter, sa, the dimension of beams and columns of the framed tube
system are changed and designated as Frl, Fr2 ,Fr3..... Fr9. The
parameters of the [ramed tubes (Fri....Fr9) are given in Table
{1)0%1 . Fig.(2), shows the number of computer rtuns using "ETABS"
computer program{sl, The tube in tube systems which consists of the
framed tubes Frl Lo Fry ino additioa to c¢orc shear wall (1} were
designaled as Tube-1 Lo Tube-9. Also, the Tube-10 to Tube-18 were
generated frcom [(ramed tubes Frl to Fr9 and croe wall {2). In
addition, two cases ol the connecting beams [for Lhe core shear wall
werc sludied.

The dimensions of these beams were 50 x 100 and 50 x 130 cm. The
total pumber ol runs for analyzing the tube in tube system equal 31
ruens; i.e¢.; [ 9 lramed tube only + 2 core shear wall + 18 tube in
tube + 2 core shear wall for connecting beams Jj. After estimating

the shear dispiacement ol Lthe coupled shear wall, framed tube and
tube in tube structural system, the displacement ratic of each part
of the tube in Lube system (core shear wall and [ramed tube)
relative to each slLtory can be obtained. From these displacement
ratios, the lateral load portion which are resisted by each part of
the tubular system can be calculated. Hence, the average lateral

load (or each part ol the Lube in tube system (shear wall and
exterior [(ramed tube) can be obtained as a function of the stiffness
ratio lor each part ol the tubular systemn. The wvalues of the
stilfoess ratio and the average lateral load coefficient for each
part of the tube in tube syslem are presenled in Table (2).

GENERAL FORM FOR DISTRIBUTION OF LATERAL LCOADS

From the values of the stilfness ratios and lhe average lateral
loads, it can bLe estimate the interaction between the core shear
wall and the exlerior framed ftube ig resisting Lhe lateral load as
[ollowing:

Ww = WL . {Kw/Kt)¥

wr

WL . [1- (Kw/KL)¥]

Where; Ww = the distributed lateral load resisted by core shear
wall!. Wf = the distributed lateral {oad rtesisted by the framed tube
system. WL = the tota) uniform lateral load resisted by the tube in
tube system. Kw = the stiffness of the core shear wall. Kt = the
Lotal stilfness of tube in tube system. N = the power of lateral
load equation. By substituting the values of Ww, Wt, and the
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TABLE (1) PROPERTIES OF BEAMS AND COLUMNS OF THE FRAMED TUBE SYSTEM

vol.19,

NOo .4,

December

1954

framed tabe Column ls:cuan Beam seciion

Length Width Width Depth

Frl 1.00 0.60 0.50 080
fr2 100 0.60 0.60 100
Fri 1.00 Q.60 0.60 130
Fra 129 0.60 Q.60 0.30
Frs 1.20 0.60 0.60 1.00
£ré 120 Q.60 0.60 130
Fr? 150 0.60 0.60 0.80

: Fr§ 150 0.60 0.60 1.00
Frd 130 0.60 0.60 130
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TABLE - 2 THE STIFFNESS RATIO AND AVERAGE LATERAL LOAD COEFFICIENT FOR COUPLED SHZAR

WALL AND FRAMED TUBE

Stilfness ratio Averipe load coeflicient
sysiem
—
$near wali frzmes tude Sncgr wzif Frames 1usc
Tuve-] 0.02%0 090 di4a 0834
Tube-2 0.0241 09735¢ G120 L3RG
Tube-3 oo 05789 0094 8.900
| Tube-4 0.0240 0.9240 0130 6870
Tube-$ 0.0213 09785 0.105 .85
Tube-6 6018l 0909 0.081 04.519
Tube-? 9.023 09770 0121 0,839
Tube-4 a.0179 98 | 0.091 0909
Tube-9 000 09250 0.068 0532
Tube-10 00380 9620 0137 0.3
Tube-1I 00314 09635 0122 0872
Tube-12 0027 09724 Qe 0900
Tube-13 0.0341 0.9659 Ly a8
Tuba-14 0.0275 0973 o.n3 0.8t7
Tuba-15 24234 09764 0087 2513
Tube-16 0.0200 0.9700 0.120 D&
Tubo-~1? 0.0235 09765 0095 4905
Tube-18 00196 0.5204 047 0927
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TABLE - 3 THE POWERS {N) OF THE LATERAL LOAD EQUATION RELATIVE TO EACH STIFFNESS RATIO
OF COUPLED SHEAR WALL (Kw / Kt).

tiba in tobe Stiffness ratio The power

systam Kw \ Kt N
Tube-1 0.02%0 0342
Tube-2 0.024% 568
Tube-3 0.021) 0613
Tube-4 0.0260 0569
Tube-5 0.0215 G587
Tuba-6 0.0181 0626
Tube-? £.0230 0560
Tube-8 0.0179 059
Tube-9 00150 0.640
Tube-10 0.0330 533
Tobe-11 08314 0594
Tuobe-12 00276 0.641
Tube-13 0.0341 1572
Tube-14 06275 0.606 ll
Tuba-15 00215 0.650
Tube-16 0.0300 0.604
Tube-17 00235 0628
Tube-18 0.01% 0.665
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TABLE ~ 4 THE CONSTANT VALUES A{ AND Bi FOR THE DISTRIBUTION FACTORS EQUATION OF THE
AVERAQE LATERAL LOADS

tube in tbe Stiffness ratio Constant Coaslant
system Kw % Kt Ai Bi
Tube-1 0.0290 10546 0592
Tubs-2 00241 10599 -0616
Tobe=3 £.021t 93 0626
Tube-4 00260 10.414 -0.602
Tuba=5 00215 9450 0619
Tebe6 0.0181 £.638 0625
Tube-T 06230 9185 059
Tube-8 0,017 9833 -0.6%
Tube-9 00150 §.046 0621
Tubs-~10 0.0380 6133 -0488
Tabe-1l 0.0314 6432 -0.500
Tube-12 00276 5650 0512
; Tube-13 0.0341 6447 -0.489
| Tube-t4 0.0275 6.185 -0505
Tube-1$ 0.0236 5544 -0518
Tube-16 0.0300 4902 -0.455
Tabe-17 0.0235 559 -0.496
Tuba-18 0.0196 4829 0499
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stiffness ratio (Kw/Kt) in Equ.({1),
stiffness ratio (Kw/Kt) are presented
values of N can be obtained as (0.60)

in

and Eq

Ww o= W( . (Kw/Kt)o-a
WI = WL .1 - (Kw/Kt)? %]
Because of the distribution of lateral

the values of N relative to each
Table

(3}, and the average

s.{L},{2) becomc:
.......... (3}
.......... {4)

loads through the height

ol each parl of the tubular structure do not take the a constant
value, the c¢quation of the lateral load distribution must be
corrected by a distribhution factor (Df), Lhe eguation ol the tateral
load distribuition has been Laken Lhe form;

Ww = Wi I3r (Kw/Kt)e -6 L, {5)

Wbl = Wt - Ww 1 6)

DL = Al . (N N L {7)

Al = -2.60 Ln (Kw/Kt) - 1.8 Lol (8)

Bi = 0.175 Ln {Kw/Kt) + 0.t0 ... (o

where;

Ai, Bi = the constant coefficients for the distribution factor (D

see Table (4), U = tLthe building height from grouand level Lo b

story at which Lhe average lateral load required.

CONCLUSI[ONS

1- The shear wall inner tube greatly enhances the strucrnial
characteristics of the exterior framed ‘tube by cons %
reducing the zhear displacement of the (ramed tube colum

2. For a uniform lateral load cases, he Iribution of
loads belween the jnner b (shoar w and cxleriaor
tube is variable through Lhe struclure phit .

3. The effcel of Lhe connecting sl wall hieams ont the total shea
displacement of Lhe tube in tube =system are approximately small
and it may be ignored.

4. The method is of a greal importance te tUthe designer as a
simplified anuzlysis of the tube in tube slructurat system undetr
the vniform latcral leoad cases.
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