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ADBS ERACH

This thesis work presents Lhe collection of dil. crend
theories proposed by various authors regardinge tae aneiysis
of frameworks taking into account the spil-structure nter-

action.

A computer program for the analysis of space Yeames,
incorporating soil-structure interaction has been Gaeveloned
in FORTRAN 77. Direct stiffness matrix method Pias e

adopted for the analysis.

Four types of multibay multistorey .o £ Pave
heen analysed by three different approaches. F S N Y SR A SR
approach, the conventional three dimensicna: ECRAITRTe: s
adopted. In the second approach, in addition o Three
dimensional idealizatlon, the soll-structure TpLomooolon
is also taken Into dccount. oo the  third oapproanos 1o
5o called approximate methods involving cubrsti Lo o
for gravity igading and portal meinod for o oson il

loading are adopted.

The stiress resullants Ghlained oy Lhe three LT iieg

are compataed,.
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CHAPTER I

INTRODUCTION

1.1. General:

The trend in ircreased construction of *rigr-rise
buildings has been caused by increase in pecoulaticn and
limited space in the urban areas. St1i1]1 reseaercn wOr<s
are going on for the analysis and design of muliistcreyed
frames for various types of loading towards improving

the rationality in the procedure of analysis and desigr.

The inclusion of soil-structure interaction in the anz.vsis

7
m

and design of multibay-multistoreved structure

important step in achieving this rationality.

In the conventional design of frames, the designer
calculates the moments, shearforces and axia: "orces
in the members of the super structure, Dy assuming Tixity
of columns with foundation against all the relevan® cegrees

of freedom. However, the foundation resting on defc-rable

soil also undergoes deformation depending on ire ~&!l

1ive

9]

rigidities of the super structure, substructure a2~ Tne
soil. For a building with flexible frames, the aistrioutior

of load on the soil, will be practicaily urai z2c’ad

J

differential settlement, where as ~“or a structure oSl

consisting of walls a relatively uniform setilerenrs willi



result over 1the plan area of the building accompaniec

Ml
e}
O
.

by a significant redistribution of the load on tae

The foundation type and the flexibiliity oF so0i!
foundation system is an important criterion In the compu-
tation of response of buildings to earthqguake <cround
motion. With reference to the past _.lterature, It has

been concluded that soil-structure interaction is & wvery

important criterion In determining the dynamic ~esponse
of a structure. It is possible that dependinc < the
scil conditions, the foundation characteristic: =zlone
may suitably be changed 1tc reduce earthquake “orze on
a structure. Interactive analysis takes an ImpaTlent

role both in static and dynamic analysis of the strocture.

1.2 Significance of Interactive analysis:

Ultimate bearing pressure for continuous founcations
straps and mats, 1s invariably determined by the sszIi_ement
consideration of the suppeorting system. hork  cdone DY

Q.P.Jain et al (1} shows that, the Sstress ~@so_tants

in a nine storeyed R.C building consisting of ter eqgual
pays iIin lengitudinal direction and two eqgual bavs 10
the transverse direction, due IC cdifferentia! settlement
are abnormally high unless reducec Dy rigidity 7 nroper

foundation system taking into account the soil-siracture



interaction. Only recently, the importance of soll-st-ucture

interaction on influencing differenziel settlements nas
been recognised. O0.P.Jain et &i hac an occcasion o cesign
the foundation system for a muiti-storeved ouiicing,

in which the column fcotings were interconnected Dy &
diagrid of foundation beams and basement walls. 117 was
found that the maximum total settlemert and the difiereniial
settlement of soil would be of the order of &.13 <7 and
5.3 cm respectively 1inspite of nearly equa: g[p-essures

r

below the footings. Change :n size of footing Jic 001
help, as the compressible layérs of scil were located
fairly deep. Unegual settlements occured due to interaction
of the loads of various footings on the deepe~ sir&ta
of soil. Since this will result in excessive deicrration
and very large moments in beams and columns of ths “rame,.
a reduction of differential settlements becams nef2s5s5ary
for ar economic design as weil as for proper serviceezility
of the structure. This was achieved by the use of sti7F?

foundation beams connecting various columns anc carry.l

out a soil-structure interaction analysis.

The plan cof the building taken Into corsiderstlon
by 0.P.Jain et al is shown In Fig ~.1. Treyv Tollowed
an iterative method for interaciive analysis, o vnis

problem, three Jiterations were required for conve-gance.



The final results are summarised in Table ~... iy
seen from the reporied data that consideration ol s.if’ress
of the sub structure considerably evens out the vertical
deflections. The maximum deflection of 9.15 cr “rder
the most severely loaded column recuces 1o £ vaive of
7.88 cm and the maximum differential settlement 1S crly
3.36 ¢cm as against the value of 5.3C cm. The mes:t remarkadle
consequence of the interacticn analysis is the reduction
of the maximum slopes in the transverse and lorgicucinal
directions from values of 1 in 155 and 1 in 21& 1o Ine
values of 1 in 1859 and 1 in 685 respectively. Tnls resu.tis
in reducing the additional moment, due to settiement

considerations.

Similarly the effect cf soll -structure interaction
on framed structure, resting on pile group 1is axamined
by D.N.Buragohain et al ({(1). They consicered & T rame

in which the columns are individualliy supported by groups

of piles with rigid pile caps and connected Iy sirap
beams. The details of the rame and foundation a—-e shown
in Fig 1.2. Initially an incependent enalysis g carried
out for the structure assuming the columrn Etases ‘o ©oe
fixed. In the interactive analysis, a three diversicnal
pile group analysis is carrlied out including the sil7iresses

of the pile elements. In this analysis two lcad! ¢ cases

are considered:



[

1. Dead load

2. Dead load with live load.

The results of the analyses are tabulated in Table
1.2. In case of vertical loads, the maximum and minimum
settlements are 5.57 mm and 1.5 mm respeciively wiih
the maximum differential settlement along a parel being
2.44 mm corresponding To ar angular deviation =% T in
2880. Consequently, the internal columns ar-e ~e.ileved
of part of their axial load with the outer coltumns “aking
up morc axial loads. The maximum change in axial “orces
is 8 percent, when compared to the independer: a—alvsis
result. The lateral reactions at column Dases ircrease
by as much as 47 percent and the moments by as much as
60% because of the lateral movements of the coilumn Dases.
The maximum change 1in suDer structure member end momen t

is around 30-35%.

Similarly incase of vertical plus latera: loeads
the maximum and minimum settiements are 5.57 mm ard 7 .36 mm
respectively, with the maximum differential seTvlement

along a panel being 2.58 mm corresponding tc 20 anguiar
deviation of 1 in 1900. The changes in ax.&. reaciions
at column bases are similar 10 those under vertica. lcads

but the lateral reactions and moments at the bass onange



drastically on account of the lateral lcads. In I3 sJper
structure, the maximum change in member end momenT 1S

around 45%.

It is realized from the works of D.K.Paul =t al
{1) that the building - foundation interaction o_ays an
important role in determining the response o2f kulilcirngs
subjected to dynamic lpads. The survey done Dy Tnerniey

and Albin (1) about the damage 10 buildings cu~ing MexIco

earthquake of 1957, gives the following results:

1. Not a single bullding resting on concrete ra“t rlgidly
connected to concrete piles was damaged.

2. Eleven out of fifteen buildings ~esting on reft ccocrnected
to sectional wooden piles were damaged.

3. All buildings resting on compensated raft were damaged.
4. Six out of several buiidings resting or raftt hung
from piles by yokes and screws were cdamaged.

5. Most buildings resting on simpie raft wi:n 1c pil.es

were damaged.

I+ is observed that ire time neriod of a 3uilding
increases with increasing flexibility of scil- fcurdation

system. Thus the equivalent uniform seismic coelficzients



are varied. And the displacement o7 the base ncrease

with increase in flexibilities of foundation in g1l casas.

From the examples quoted above. the followirg ccnclu-

sions are drawn:

From the consideration of economy and safeiy In
the structural design, it s absoluielyy, necessarny to
perform an interactive analysis of the foundeticn &aiong
with the super structure 1to redistribute the _cads ©oOn

the footings so that acceptable differential settlements

are obtained, for static and dynamic icad cases.

1.3 Aims of the present Investigation:

The aims of the present investigation may D€ criefly
stated as follows.
1. To study the literature available regarding soll stiruc-

ture interactive analysis in the past.

2. To develop & computer program for the ana.veis cof
space frames incorporating scil - structure irtzraction.
3. To analyse some frames with and without so. .l sirecilure
interaction and by substitute frame method ana o compare

the three results.
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PABLE1-1 : RESULMS OF ANALYSIS OF THE ILLUSTRATIVE EXAMFPLE

‘ Deflectlions slope in slope in Percentage
Column Transverse g TLongltudinal 5 change 1in
o in om. Direction x 10 Direction x 10 eglumn
oads
Initial | Pinal | Initial | Final Inttial | PFinal
Al 4.30 5.55 -466,0 - 11.80 +278.0 +121.%90 + 64.9
B1l 6.00 5.66 + 12.9 - 0.59 +459.0 +110.18 - 9.7
c1l 4,25 5. 56 +453.0 + 10.43  +344,0 +131.65 + 69,1
A 2 '5.90 6.16 -6£34,0 - 49.35 +213.0 +110.30 + 11.6
B 2 8.40 6,81 0.0 - 4,18 +#196.0 +102.17 - 40.2
c2 6.10 6.25 +595.0 + 40.39 +213,0 +116.02 + 6.7
A3 6.40 T.02 =-£60.0 - 18,37 + 32.7 + T7.44 + 26,1
B3 9.00 7.18 - 12.9 — 6.31 + 49.1 + B84.84 - 46,2 -
cC3 6.50 7-12 +647.0 + 5.90 + 32-7 + TT.85 + 24.4
A " 6-60 7.17 "595-0 - 46-8‘ * 32.7 + 4—6.86 * 25.7
B4 8.95 7.80 - 19,4 - 4.17 0.0 + 65,83 - 30.6
cC4 6.70 7.25 . +621.0 + 41.65 + 32.7 + 44.€5 + 23.3
AS 6.95 7.66 =-544,0 - 14,69 + 16.3 + 19,98 + 27.0
B S 9.15 7.88 - 12.9 - 3,03 0.0 + 49,59 - 31.0
cs5 T.00 T.77 +569.0 + B8.94 0.0 + 16,43 + 25.9
A6 6.80 T.46 =531.0 - 53,18 =-16.3 = 2.62 + 26.8
B 6 8.90 8.28 Q.0 - 1.9% + 49.1 + 37.58 - 16,1
[ 6 6.80 7.50 +531.0 + 49-6" - 3207 - 6-99 + 29-6
A7 7.05 T.44 -466.0 - 47.13 + 32.7 - 19,88 + 14.3%
B 7 8-90 8-15 - 12.9 - 1.69 - 65-5 - 90027 - 21.4
c1 Ted5 T.48 +45%.0 + 45,67 + 16.3 - 28,06 + 11.2
A 8 6.80 7-39 -49200 - 805‘ - 3207 - 53.55 + 23.0
B 8 8.85 T.4% - 12,9 + 1.7 = 81.9 -102.23 - 7.3
c8 6.90 T.36 +505.0 « 12,39 - 65.5 - 66.39 + 15.8
A9 6.40 6.90 -518.0 + 4,74 -114.0 - 97.32 + 19,7
B 9 8.30 6,88 + 25.9 + 14.59 - 49.1 -1l4.11 - 42,5
C9 5.90 6.67 +595.0 + 23.88 -131,0 =-108.11 + 38,9
AlQ 5.75 5.92 -518.0 - 27.72  -196.0 ~137.03 + Tab
B1O T.70 6.31 + 12.9 + 12,15 =163.0 -125.88 - 36.7
Cclo 5.40 5.68 +569.6 + 50.78 =180.0 -134.25 + 12.7T
All 4.00 5.08 -414.0 + 1.41 =327.0 =146.02 + Bl.2
Bll1 5.50 5.11 + 12.9 + 10.70 -459.0 =131.68 - 213.3
Ccil1 3.85 4.92 +388,0 + 15,69 =393.0 -144.47 + 63,3




Tapler2: Reactioms at column base of gsuperstructure

Dler
in t%nne-metre
inde- | znter— differ-
pendent] active ence A8

y 1.3

in tdnne in tohme— metre
inter—|differ- Inde- | inter—| differ—
active |ence as pendent_active ence as

a per- , a per- a per—
centage : icentage | centage.

~1.09 | 44.80

_25.79 1.00 | 1.44 ‘ 44.00

-24.10 -0.44 1-0.04 .—90.70 0.88 C.B82 5—30.70 é
_59.82 0.0 | 0.0+ o.0 | -2.22)-3.04 | 64.40 |
-58.13 98|27 4.a0 | 2.62 | 0.004{-39.80 |
; b |
-25.79 _1.00 l-1.44 | 44.00 | -0.74 ‘-1.:9 - 44.80 |
-25.78 _2.44 |-2.88 | Ts.20 | o.88 | 0.57 -34.60
: | ' | :
-56.65 5,07 | 4.95| 37.90 1 0.8 7 2.0 9.9
-54.95 -0,97 . 1.85 - P 3.00 3,17 5.6C E
-107.90 0.C | 0.0 0.0 0.0 0.C 0.0 |
~117.61 |-107.90 -7.58 \-6.31 _16.70 | 9.05 | 7.32 -19.10

54.87 {=56.65 -3.07 |-4.95 | 37.99 0.C 0.2 0.0
56.56 |-58.34 -0 1808 | 12:95 | 3.00 | 3.27 o 5.60
24.735 |-25.79 100 | 1.44 | a4.00 | ©.74 1 1.09 | 42,80 |
24.53 |-25.78 _onee |_oloonl-g9i70 | 2.37 1 2.53 ° 6.99 1
59.59 |-59.82 o0 | 0.0 | o0 | 2.22| 3.64 6440 |
61.29 |-61.50 Sa|2i79 | a.50 | 7.05 ) 7.29 . 340 \
24.35 |-25.79 1,00 |-1.44 | 4a.00 | 0.74 | 1.09 | 44.80 %
25.82 [57'47 T3 aa |2.9% | 19.80 | 2.36 § 2.76 . 16.8C

- Changes in top floor member
end moments due to interactioh

percentage change in moments
Beamn Joad cage 1 Toad case 2
end 1l end 2 lend 1 end 2
T =0, So4 T < 6.6 | 19.9 | - 8.9 |
¢,-Cy | 33-6 _15.6 | 9.8 |-15.4 |
c,=C, |-10.2 21.3 | = 9.2 21.7
gp=C | 365 | -37.0 |-16.5 | 479
0g-Cg | 36-5 \ _17.0 | 23.8 |-18.3
0g-Cq | 2.7 - 9.2 1-11.3 21.11
CqCq |- 96 50.4 | 20.3 | -10.4 |
Column ggatom l 38& bgg&om E%E_j
T, 3271 \ 55,5 | 22.7 | 22.7 )
e, 0.c | 0.0 11,3 | 12.4
Cq s2.1 | 32.3 | 37.6 | 37.6!
Cs 0.0 | 0.0 = 7.0 1- 9.5
%6 5.1 | o32.3 | 27.7 | 281
s c.o | 0.0 | 2.4 Lo11.5
Cq 22.1 i 22,2 \ 21.8 i 21.6




CHAPTER 11

REVIEW OF EXISTING L ITERATURE

2.1 Interactive analysis for frames with isolated footings:

92.1.1 Method proposed by O.P.Jain et a. {7}

The procedure suggested by 0.P.Jain et a., s &n
iteration method in which the frame is considered as
a plane frame. The influence of the soil-structure inter-

action on the final displacement components in the lorai-

tudinal and transverse directions has been studied.

The initial estimate of vertica. defiecilions and

the slopes of the footings in the transverse 2no  Longl-
tudinal directions ic made for the Kpown colurn  .oads
and the settlement characteristics of the soil lavers,

using Boussinesqg equations. With these initial disnlacement

components known, the method uses the displacement anorcach

to determine their revised wvalues DY considerirg inter-
actionbetween the foundation and superstructure o0 e
transverse direction. A similar interaction aralvsis

in the longitudinal direction uses tnese revised deilzciions

and original slopes as initial values and e77luas at
modified. values. Those modified wvalues, in turc. give
initial deflections for the second iteratic e ihe

transverse direction. The orocedure, thus

[
o~
=
T
o
iy
o



that at any stage in a given directicn, the deflections

from the recent iteraticn in the perpendiculer cirecticn
are used as initial values. This method has bee2rn fourc
to be quickly convergent and normally three Izerations
in both directions are sufficient. Xnowing t-e Tinal
displacement components, stress resultants fcr ZifTerent

members are computed.

Although this method is simple, for a frame with
more number of bays, the number of plane frames 1o bDe

analysed will be more.

2.2 Interactive analysis for frames with Raft foundation:

2.2.1 Method proposed by G.J.W.King {1)
In practice a reinforced concrete raft will e ~=2ither
rigid nor perfectly flexible. Alsc tne super si-uctiure

will have finite rigidity and tithe loads transmitied 10

the raft will depend on the displacements at t~e column
bases. Thus the c¢contact pressure distributicn wl.ll Dbe
dependent on the super structure Rafl soil Interaction.
The only direct way of finding the actual dist-inution

is by performing a fully Iinteraciive analysis. ccensidering

super structure, raft and soil as a single unit.



1n this method, the £-ames &re considerec &% 1wo
dimensional. The beams and columns are consicerac as
individual elements and the raft is divided ui nio &
number of elements and in between the raf: amg soll,

are number of friction elements.

The elements are considered to he jointed only 2t thelir
corners which are referred to 8S nodes . The cisp.acement
at any point in an element <an he related 1T ~erms of
the nodal displacements, by shape functions. for this
purpose the displacement function has 10 he assumed which
approximates the variation of Cisplacemen% witoin the
element. For examplie sranslation 1D the x-oirectlon

can be considered as:

U = ok +D(;\_><+0<31+0<4XY+D<5X1+ ... exc

with similar polynomials for the other degrees ogf free-

cdom. These polynomials have to D€ catisfied bV nodad:
displacements. The direct gtififness methoac 18 appliea.
In the 1Two dimensional analysis, @& 6x6 mairix I8 useac

for beam elements.

The friction element used ig similar @ ‘he Zeroc
thickness element used DY GOOD  MAN, TAYLOK anc BREKKE

{1968) execept that allowance IS made for 1me fact That



the interface lies below the centroidal axis of the ~aft.
Both normal and tangential displacemenis are corsicered
to vary linearly along the length of the element. The
Fig 2.1 gives the details of friction element. The ~—elatlon-

ship between the nodal forces and displacements, is:

~ _ - -
xi 2.K5 8] KS < —KS o Ksh 42K5 Lo Ksh_-l B LL‘L :
2 P i
Y. 2Ky O Kn © Hn © O -2Kn O 5
|
i
x5 |
J 2Ks © ~Iug c keh —ks © Kb Wi
.
J
Y
] Z2Kn © -2Ke C O —kn © O\
. | H
|
X ?
K 2KS O -K:h K c K h ; :
L £ 5 5? | L,Lg‘ =
K3 ' ;
Yk
ZKg o @] Kg o T
M -
1S h Z
hAS -h .
K.‘-z "si = KS.IZ} . 5w
SYMMETRIC : !
x 1 !
2Ks o “kT oy :
y .
1 2Kk, O B
M z ,
l Ks‘;"t ! Q i
L B — i L Q _ﬁl

Here M(and Mlare the momenis &t the contrciceal axie

of the raft produced by tre shear forces oD its base,

'Y is the thickness of the raft, and Kjand kga“e coeffi-

cients which relate ste normal and shear siresses, o



and Tg, with the relative normal and cargential disp.oace-

ments, &, and Ag , SO that

a = K .A
n n
and T = Ko-a g

Here the value of K, should be assigned ar a~oiirary

large value and Kg has been assigned elther & Hich o or
a low value to simulatie a rough or smooth interface.
The elements used for the spil are rectangular cont.num

elements with the displacement funciions.

w

W

ol + oA A A kay ool XY
T = s + olg X +oly. Y T XEXY

The stiffness matrix far this element depents  OR

the elasticity matrix involved and s therefore evaluated

during computation [Refer Fig 2.21.

The same concept can be extenced for a “hree cimen-

sional rafted frame.

Merits of this method:

(i} This is not ar iterative method, Pike e method
suggested previously for frame with isclated focotincs.

{ii) The variation in the soil strata can &e mccounted.

Thus the results will be accuraie.



Demerits:

(1) If a three dimensional interactive anaivsis
is done, we have 10 consider 4 different types of eiements
like beam element, plate elemenit for raft, friction slemnenrt
and three dimensicnal solid element for soil media. 5o,
it will be very difficult for programming and oreparing
input data. In addition, the compuiar time wil: ne Tore

in this case.

5 2.2 Method suggested by L.5trat et al {1)

In this method, the interaction between sup2’ sTroLcture
and substructure 1Is considered. The effect of sgl. media
is no included indirectly.

The vertical settlement at any noint i it ithe

soil media, can be written as below

Wi =2 B

. X;
J:\ c; d

Frequently a number of pressure values are considered

as unknowns or as thelr resultants on a number o7 suD-—
damains equal to the number of displacementsz Takern.
In this way, the influence coefficients form & sqguare

matrix (B ).

- o
Bu Bz - - Bin

. |

B oo | P PR

B Bex-- o ﬁ”ﬂi

L 4




n

1f the ground 1is modelled by a fieid of independent
springs, so that the deformations in a poirt depsncs

only upon the pressure in that (Winkler Aaypoltesisi,

then
- 1 . .
%J T 2 5 P =0 For L#
_ﬂ’é'Ki u
J
where k} = Rigidity or bed coefficient of soil
a . = Area of the sobdomain.

If the soil media is assumed 25 2 linearly de o-mable
homogeneous and isotropic half space, the influence ccef li-

cients are determined using tne fallowing expressicn:

R T
L e, oOb j(xti+%)z+(yq+q)7‘

2 - A -7 =
I S B USSR -3 B A
T Eo ab 30

where X, = X, T K.
1) ] i
Y. . = ¥. T Y.
ij j :
Ax and Ay represent the divisior steps 5 cne  Tleld

in x and v directions (Flig 2.37.

[s] = The wvector of tne coefficients in Simpsens Sl



for a 25 point grid, the [S] vector is as delow

(s]' - [ 4 2 P
4 16 8 16 4
2 8 4 8 2;
4 16 8 16 Ai
14 2 4 J

Veg = 1 y=z 2, .5
The stiffness matlrix of the soil (Ky )} can be written
as
(k) = (p)7
T

Now we know the stiffness matrix for ali

—
L/
m
i
e

elements in the interactior problem. From these. »o  can

develop the global stiffrness ma:irix for ine entire structure,

And this stiffress matrix can be scived Tor urknow” Zls-

placements and forces.

Otherwise, one can assume the structure e acnoc
from the ground, replacing i:ts &actien on 17€ sTUuotuTe
by the equivalent forces (Flg. 2.4,

This procedure is complicated and Input datis repa-

ration is alsc difficuit.



2.2.3 Method proposed by G.J.W.King (1}

In this method, the super structure anc
considered. Super structure is considered as
dimensional frame, and the raft 1is cdiscrettis

number of rectangular plate elements of size axb.

contact pressure 1is assumed 10
size axb.
The following term %. of
JK

is given by the expression

n

{[0-.- o5 oo, o-5 O ‘-‘-H
. = — e ~ Yxikr — S YSRY ¥
B« = e J Jwr]
Here n = number of lavers
E = undrained voung's meodulus, In the o
r
- . th
direction of r laver.
. th
H = Thickness of r layer.
r
Txjxr 3 Tyikr and Szikr represent e
total stresses at the centre of the r®" laver oo.
to unit load distributed over an area axb arolindg
values can be obtained from these egualtion.
biz a',';:’.
. r , 2 .
M A E i R
__b— —cn
5 {2
bf; X2
. £ 2
TYJrr = S LT (v-nladg-on

act onrn &

the flexibility
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nne
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oose



by ajz
Juezh as

)

O—Z‘BKY‘ :J
_.'_:’- —Cl{l
R
in which
] a 2-'-_5/‘2
— I ) .
T :32!’ [(X"%) +(.Y/~YJ)L+Z‘_?
zab -
Z = Depth of the centre of subdomain below ihe
r
surface.
x' = X = X
k
y' = YL T VY.
K J
The stiffness matrix of the raft support fo- immediate
behaviour is obtained by inver-ting the flexibility —ai~ix
The flexibility term for long 1erm behaviocor
term settlement due to consclidatior of clay! is cive:
:8_' = 2 (U' - CO5 axy -3 G—'}f'r«f\' B +(’L"r<rr e T
kT vz Z Ky AL J /E: J
in which myris the coefficiert of wvalume decrease
h - .
¥ layer and ujkr is the ocre prossure belo Yo
of the »t laver cue to wurnit load o
] U..jm. can be obitaliroed from

centre

the
over an area axb at

Cjwr

= Txjmr T Sylwr b O iar
- -—. -
%

-




The stiffrness matrix of the -aft support

term behaviour is obtained oy ‘nverting k1.

The settlements of soil a+t any polirt,

raft can be obtained from scil mechanics el

The settlements can be incoerporatec in the oroe-em

the effect of differential settlements over tre

can ke studied.

In this work, they have solved an interactic:

for a rafted 4 storey frame with 3 bavs in lic~g

direction and 3 bays in transverse directior.

been shown that, in the conventional aralysis =

moments in the refts are under estimated by 14%.

it

Since this method, accounts for the long terw

of settlements and the variatior of soil properiijoe

depth, the results will be mcre accurzte.

2.3 Interaction of frames with pile Foundations:

2.3.17 Method suggested by V.3. Chandrasekaran et -

In this method, initiailv an independert

is carried out for +the structiurse assuming

the

bases to be fixed. In ithe interac:ive analysis.

dimensicnal pile group analvsis is carried out

to evaluate the pile htead stiffrnesses from

pile cap stiffrnesses are computed. The Tfounrcatio

SE
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[ o A Al ¢
poonloms
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nesses are then combined with the super structure

matrix and the analysis is carried oul in one s:

Pile group analysis:

For a group of arbitrarily oriented piles

by a pile cap, & three dimensicnal matrix met-c

gested by Bowles (2) is used. For a rigid pile

pile cap Jjoints have a ccnstant relative oSesi-:

g i

—~

a

the the axial, lateral and tcrsional behaviours a-o

independent to permit supe- positior. Lsing the ecou

equations and the conditions of compatability
body movement of the pile cap, the forces and

ments at each pile head carn be expressed interms

and displacements at the centricd of the pile canz.

P. = A, F
I I 1
where,
Pi = external force vector acting at thre c:
of the pile cap.
F. = vector of generalised forces actinrc :
i G
. 1h ..
of the 1 olle,
Ai = Reaction transfermation matrix for -+

pile head.

Similarly

-
w

~
[N

—r

THeg

rigl

v
o
~

e

force

Croid

=

“rected

Srium

Q1

s

nearly



where <. = vecter of displacement of the 1 e
1
head.
x = vector of diszclacemerts at the cer- -rig

the pile cap.

in addition,

F = 5 . e. !
i i 1

where 5.

pile heac stiffress matrix.
1

It

Using the eguations 1.,2,3, one obtains

P, = A LS. AL | x (
1 1 1 1

i

Thus the total forces a: the pi.e cap cent-cid can

related to the pile cap displacements as.

i)
1
=
8]
I

b

The assembled stiffrness matrix of equaticr {3

added to the correspending column base stiffress waetri

of the super structure for thre complete interac-iwve

23]
m

In which the strap beams are included as Trame revher

connected to the edges cf the nile can.

For c¢cbtaining the Ar mairix, ircee sets of cooroig

Systems are used - {(i! A global ccorcinate svstom
(x , vy , 2z ) at the ceniroid of -he pile cap (this =y
can be easily relatec ‘o super structure gloneal

X, ¥, x)(ii) A local cap cocrdina‘e svstem (¢,

He

e

A1

,4
i

[f4]

—+
~

N



at each pile head, parallel to the (x_, Yy , 7., svsiem,

(iii) A pile local coordinate system (uq ,

shown in Fig 2.7.

Up is along the pile axis and W} is In the xtv
plane such that the positive x'-component of W' i3 ailwavs
in the positive x' direction. Thas, withr I , m , ¢ as &

U A -

the direction cosines of Up axis with respect 1o x'y

etc., n,= o and,
Qu i N o c o8
QV Moy Ny o < o ;
Lwsr mw  C o > o
LA -
¢ - (-z-8v (-z-my —.
N
+ yLur) + Y- L ™oL (4378
(Z',Qu. (z mu
~Z- Q) “XMw) Ny Ly My Ny
(-Y- uw (- Y-y —Y-nw
+ X L) Fx-my) - xeny) L s Yoy, o
- s
in which x,y,z are the cocordinates of the pi.e zac
the (x_,y ,z _) system. The direction Cosinee Clam,T
p 8] p

are obtained easily as in a space Trame.



(F )T - [ F F F MMM ]
i u v W u At V
-
(P.) = [ F F F_M M M ]
1 X oy oz X ¥y 2
T
(el) = Lo vw eu 9 . ]

The pile head stiffness matrix (5 ) is derived by

considering four modes of translation and rotation of

the pile head, as shown in Fig 2.8.

[ -
i 5 |
C 0o 0 e
0 : 0 |
0 0 c:r o =Ct_ 0
E 5 v |
0 0 c Cc. 0 0 |
& i
|
0 ©c -Ci 0 Cp 0|
3 4 |
~
L 0 C3 € 0 0 \JL—J
re m i1, Thev  are
C,] 3 Czs C3 and C&- are esponse odul e -
obtained by considering the 7irst two modes in P2 _atere!

pile analysis. Defining C1 and C? as the Tforce rasoonse

(in V direction} and momeri response _about W axis, res-

pectively for unit displacement of pile head ir . zi-z2ction

without rotation, and Czand (a;as gimilar ra2soonges Tor

unit rotation of the pile nhead about V% axis wi.r our cis-

placement, a series of forces © are appllied 1 Coimpute

ano



the displacement 5& and the derived moment Mg, ~o7 1O
rotation, from which the force dispiacement ciLrves abioh
are generally non-linear are obtained as In fic (2.8,

Similarly, applying a series of moments Map, ard “yerfor

no displacement, the curves of f{ig 2.8 are oztainred.
A similar set of constants C) , CJ G5 and T wiil
be obtained by considering onile head displacemen: in

the WP direction and rotation about V, axis.

The torsional constant {C_) = GJ/u!

&

where G shear modulus of pile head materizl

J = polar moment of Inertia
L' = effective piile length.
The compression constant (C5) = ZA EB/L
where A = C/s area of pile
E =Young's modulus of pile material
L = Length of pile.
This stiffness matrix should be added wiin chat
of super structure and solved for uwunknown Tooces  and

displacements.

The following results are obtained, from tne examoie
problem
(i) In the analysis for vertical loads alone., the lzteral

reactions at column bases increasoe by oas rmuch as L7



and the moments by as much zas 60% because cf = aieral
movement of the column bases. The maximum craice 7 super

structure member end momentis is arcund 320-35%.

(ii) The maximum and minimum settlements in :re case
of wvertical plus lateral Ilocads are 5.537 mnm anc .36 mm
respectively, with the maximum differential satr_ement
aleng a panel being 2,58 mm corresponding t¢  z2ngular
deviation of 1 in 1900. In the super structurz., "5 maxim

maximum change in member and momenis Is around 43%.

2.3.2 Method suggested by F.Miveharszs and J.G.Erga-oudis (3]

In this method, the ~oundation 1is assumec “o be
of the Winkler type but it offers resistencze ~c? onrly
to normal forces but to shear and torsicnal “oerces. The
stiffness matrix of the foundation element s Zerived
by assuming the displacement function such ikas <here
is a complete compatablility between beam and “ourndation

elements.

The soil is assumed 1o adhere to the beamn -0t simple
non linear problems allowing separaition beivwee- seam
and soil when tension deveicps have been solved v recvciing

the soluticn.



Stiffness matrix of foundation element :

The foundation mediur in the Tormula:ior Tresanted
here is assumed to be of the Winkler type, {ic) the beam
rests on distributed springs as in Fig 2.8, However the
beam may be embedded in the elastic medium  as  ‘n the
case of a pile and in addition the foundeticon TaEv offer
resistance to shear anc torsion as well as norms. reaciions.

The elasticity matrix (E ) is given In terms cf - ~e moculus

of subgrades as

- ro_ -

& = i 24 ;

[ 1] AR °© o°

/ o K e o]

b4 |

) © COK_ o

3 k

LO © o Rk

©d
K, K, K and & are  modulus of subgracs valuies

X y $ 1

in Xx-direction, y-direction, in shear and I tersion

respectively, for a beam compietely buried in eoi |

But we know the values c¢f modulus of sdgraces only
for beam resting on the soil surtace. So, -rece values
shculd be modified, fcr a peam Duried ir 5ol Trus,

the relation is made as below
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{ SR
Here and are non dimensionali coefficients,
SR N VLR %, n :

which are independent of material properties, and deperdent

on the shape of the section. D and C are the wicinh and

perimeter of the beam c¢ross secticn respeciivelyv. The
modified reaction moduli {moduli of subgrade} exgzress
the reaction at a point on the beam per unit lZengin of

beam due to unit displacement at that polint.

The values of for circular and sguare Cross secilons,

are given in Table 2.1.

The reaction at any point along the lengta ¢cf ine
beam element if is gliven by [Ef]. [ul. dz, in wrich [
is the displacement matrix.
Therefore strain energy stored in the elemenrt
L
) T o
Uf = _1J(u)-LE¢%(uJ dz
2
o

The displacement at any point Iin the beam, can =Ze

expressed in terms of nodal displacement vectior SOLTy



shape function (N}, as beiow
{u) = (N} {q:}

U= @ 0T B () as

From this the stiffness matrix of tne foc_ndation
3

element (Kf) can be written as

By choosing proper cubic polynomials for tne displace-
ments in the x and y direction and linea-r colynomials
for the axial displacement along the =z axis z-c for
rotation about the z axis, the sti“frness matris s cerived

as in Table 2.2.

This method has been found to be easier e Tollow
and the results are satisfactory wien compared wit~ cther

methods.

2.4 Approximate metheods of frame analysis:

The analysis of a frame can be done exactly or anproxi-

mately. Since we have 1o compare  the resuyults oF exaect
and approximate analysis, some oroiziems ara enralvsed
by both methods. An approximate merhod used fo- analysing

such reinforced concrete members iz +q use & sasslituiae



frame model, as recommended by IS 456-1978. A substitute
frame consists of beams at a given Tloor level together
with columns above and below with their far encs -=:xed.
Usually a different combination of live load I~ varicus
spans are considered, Inordes to get the maximum =sffect

in members and joints. But, in this thesis al. t-re Trames

are analysed for all spans loaded condition. Subs<i<u-e
frame model 1is applicable only to gravity lcads. The
substitute frames have been analysed by direct s:tI - ness
method.

For the lateral load analysis, either Portzl =etnod
or cantilever method can be foliowed. The Pcriz. et nod
is supposed to be satisfactory Yor most buildings unto
25 storeys, whereas, the cantilever method is cocT enocough
for about 35 storeys. In this thesis worgk, “crizai rethod

has been follwed.
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Fl6 2.6 DERIVATION OF STRESSES

C/S SHAPE 4. 2 2 5,
SQUARE 2-3 23 1-0 41-0

TABLE 21 VALUES OF & FOR PILE SECTIONS.
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FOUNDATION ELEMENT.

DEFORMED SHAPE AS PER ASSUMED SHAPE FUNCTION
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CHAPTER 111

THREE DIMENS TONAL ANALYSIS OF FRAMES

3.1 Explanation for the computer program:

This program analyses the space frame with o iTters
action) by direct stiffness method. T1he input ©&ta gre
stored in a file named gpIN.DAT. The instructicons “or

input data preparation are given at the end 0f this cnaopier.
In the main part of the program, ~umber of nodes, MODEX
value, number of materials, aumber of lcadinc concitions
are read. The nodal data 1s reacd by 1ihe subroutlne TNPUT .
This subroutine is programec SO +hat 11 can ceve.cp the
nodal data for intermediate nodes. 1f the ga-z “or Vst
and last node in a row, 1s givern. Tren “he memoer secticnai
properties and member load data are ~ead by 1ne cu-routine
BEAM., The same subroutine reads the member number, its
material g@roup, i,j and <1 node, toad se’ romber  anc

a kode for its connection with the spring.

The member stiffness matrix and s ransformatic” matrix
are developed by the subrcutines gTIFF and TRANS respec-
tively. Then the transformed stiffiness matrix is zesembled
in the global grifiness mztrix by the subrouzine ASSEMBL .
The fixed end moments of the member loads a’#€ calculatec

by ihe subroutine FIXED. ve can consider ey LvDe of



member loading like point loac, UBL, axial! load, tranezoildal
load and triangular lcad. The nodsal icads like trz= wind

load are read by the subroutine NODLOD.

The skyline storage metnod 1is used for stor-inc tne
global stiffness matrix. The addresses of the diagonal
members (matrix members) are stored In & file NISAR.
The stiffness matrix is splitted into {L] (o] L™ “orm,

and solved by Gaussian Elimination method.

In case of columns connected with springs, {for
interactive analysis) the ith node should be tne: moint
which is connected with the spring. I~ additien = kode

1 should be given with the element cata. If t-e cciumn
is not connected with spring a blank for 1ine <ode 1%
left. If two or more number of elements are connected
with one spring (in case c¢f interactive anaiysis ~of
a rafted frame), it is enough to give the koce ° “of

any one of the members.

3.2 Input Data :

1. Heading (20A4)

which contains the title of the problem.
2. Problem control data (415)

NSN, NMP, NLC, MODEX

NSN = number of structure nodes

NMP

number of materials used

NLC

il

number of loading condition



MODEX a contrel factor

0 for execution

It

other than 0,for input data check.
3. Option for printing nodal and load data Ir output
file (1I5)
IPR = 0 for printing nodal and load data

other than 0 for not printing the data.

1

4. Nodal data (715, 3F10.3, I35}
NN, (JF(I), T =1,6), X{NN), Y(NN), Z(NN), NI

in one line for each node.

NN = node number
JF{I) = 0, if node 1is free in the corresponcing 2.0.7
= 1, if that D.O.F is arrested;
X{NN)Y, Y(NN)}, Z(NN) = X,¥ and 7 coordinates o7 the
node
NI = nodal increment for automatic develcpmen: of

nodal data.
5. Material properties (13, £10.3, 2F7.3)
1,e{1), PR(I), wD(T)
in one line for each material { NMP }
E = Young's modulus of the frame materiai

PR Poisson's ratio

wb

weight density

6. Number of members, sectional properties and load =els {313

NEL, NGP, NLS



7.

8.

NEL

en

number of elements

NGP = number of sectional property group
NLS = number of load sets.
Sectional property data {170, 4F10.3)
1, BX(I), BIX(I), BIV(I), BIZ(1I)
in one line for each type.
BX = C/S area of the member
Bix = Torsional constant
BIY = moment of intertia of the secticn abou: he
local Y-axis
BIZ = moment of inertia abcutl loacl Z-axis
Element load data (13, 2(F7.3, F4.2), 3F7.2, 2 7.3
Fa4,2))
I, ALIY(I), ADIY(1), ALIZ(I, ADIZ(T}, ALY (1),
ALJZ(I), ALAX(I), ALTY{I), ALDY(I), ALTZ(I} A_DZ(1)

in one line for each load set.

ALTY

ADIY

ALTZ

ADIZ

ALJY

ALJSZ

ALAX

ALTY

point load along “he leocal Y-axis

= distance of point load (V-Drn) frem It~ ncde
= point load along iocal Z-axlis
= distance of point load (Z-Drn)} from itr —ode

= UDL aiong Y-axis
= UDL along Z-axis
force

= axial

= trapezoidal force along Y-axis



ALDY = distance®a’

ALTZ

trapezoidal force along Z-axis

9. Element data (814, 2E10.3;

LNUM, MG, (MNC(J), J=1,3). NG, LSN(LNUM), HMODZ.

SET

in one line for each element

LNUM = element number

MG = material group number

MNC arry = i,j and kth node for the element

NG = sectional property group number

LSN = load set number

MODE = 0 for the members, noi connected witn

at ith node.
= 1 for members connected with sprinc a7
STIF = stiffness value of the spring
SET = specified displacement at spring
10. Self weight factors (3F5.2)]
SwT(1), I = 1,3
self weight factors alorc X,Y and / direct.cns
respectively.
11. Element load multiplying factor (F5.2)
ELM = element load multipliving factor.
12 . Number of loaded nodes (15)

NLN = number of loaded nodes in the struciore.

—

[l

soring

rode



13. Nodal load data (110, 6F1C.4}
NODE, (CNL(I), I = 1,6)
in one line for each loaded node.
NODE = node number
. CNL arry = magnitude of the loac in the corresponding
D.O.F

T

The output data is stored irm a file named SPOUT . DAT

In this work, four multistoreyed frames cf Ziffernt
configurations like long structure, unsymmetriceal in
plan, unsymmetrical in elevation and a symmeiricz.
frame almost square In elevation are considerad. Tne

. .. 2 -
frames are analysed for a live load of 2ZKN/m anc w~ing load

1 KN/mz.

In order to arrive at the size of tohe sections,
an approximate analysis has Deen carried out, o which
the beams are considered as fixed at ends anc tne sectlon
is designed for the maximum bending moment &arc shear
force. Similarly the axial locad in the columns are ar~ived
from the beam reactions. Then the column should be Zesigned
as a plain concrete member, for 1the calculatec axial
load alone. The sectional properties are calculaisc Dy
assuming the members, as plair concrete members.

The results of the frame analyses are tabu.zteac.
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$debug
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0

calls
SPACE FRAME ANALYSIS
INTEGER CHT

CONMON/DIN/NI,NZ,Né,NQ,Nb,No,NT,N&,N?,NlO,Nl;,Ml;.&,-

COMHON[PAR/IND,NSN,NNP,NEQ,NSKY,NEQl,LCUUNT
CONHON/TAPES/STRESS,ARRAY.IPR
COMMON/MULT/ELIN

COMMON/ELM/NDEL(Z20)
COMHON/ELOAD/Nl,NZ,AAl,AAZ,AA:,AAQ,NSLC,NUN
COMMON STIF,SET,MGDE

DIMENSION NLN(L10),TITLE(ZO), ELM1U)
DIMENSION A(100000)

OPEN (5,?1LE=’SPIN-DAT’,STATUS:’OLD’j
OPEN(G,FILE:’SPOUT.DAT’,STATUS=’NEU’T
OPEN(J,FILE=’STRESS’,STATUSZ’NEU’}
OPEN(2Z,FILE="ARRAY * GTATUS="NEUW’

OPEN (8,FILE:'NDSAR’,STATUSI’NEK’?
OPEN(B,FILE=’STIF',STATUS:’NEH’U
MTOT=100000
STRESS=FILE STORING STRESS DISPLACEMENT MATRIE
ARRAY=FILE STORING ND ARRAY
READ AND PRINT STRUCTURE DATA
READ{5,553 (TITLE(Ty,1=1,20:

READ(S, 11 INSN, NMP NLC NMODEX
IF(NSN.EQ.D}5T0F

READ(S,12)IPR
URITE(ﬁ,GO)(TITLE(IJ,121,26}
WRITE(6,22)NSN,NMP,NLC
READ,GENERATE AND PRINT NODAL DATA

Ni=1

NZ=N1+6*NSN

N3=NZ+NSN

Ng=N3i+NSN

NS=N4 FNSN

[F(NS.GT . NToT) uUALL EREUR (NS MEOT .
IF(NS.GT.MTOT) SBi0F

N6=Nb+NNMP

N7=N6+NIMF

N8=N7+NMP

CALL INPUT {A{NZ?,ALNj],A(NQ),A(Nb],ﬁiﬁéi,A(NF},

NMP,NEQD
INITIALIZE COLUMN HEIGHIS T ZeERD
NG=NB+NEQ

I

9]
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222

DO 10 I=N8,N9
A(I)=0.0

READ AND GENERATE ELEMENT DATA

WRITE(6,33)

NEQ1=NEQ+1

DG--175 J=1,NEC

IND=1

LCOUNT=0

CALL FRAME(A,MTOT)

ADDRESS THE DIOGONAL ELEMENTS OF GLOBA._
STIFFNESS MATRIX FOR ASSEMBLY

N11=N10D+NEQ1

CALL CADNUH(A(NB),A(NIO),NEQ,NEQl,NSKY,MBAND)
WRITE DATA OF SOLUTION PHASE
WRITE(6,88)NEQ,NSKY

WRITE(*,88)NEQ, NSKY

ALLOT SPACE FOR STIFFNESS MATRIX AND LOAD VECTOR
N12=N11+NSKY

N13=N12+NEQ

N14=N13+NEQ

TF(N14.GT.MTOT)CALL ERROR(N14-MTOT, 3}
IF(N14.GT.MTOT)STOP

INITIALIZE GLOBAL STIFFNESS MATRIX,LOAD VECTOR
AND DISPLACEMENT VECTOR

NSIZE=NSKY+NEQ+NEQ

CALL INISKP(A(N11),NSIZE)

IF(MODEX.NE.O) GO TQ 222

CALCUATES LOAD VECTOR & ELEMENT STIFNESSES AND
ASSEMBLES THE STRUCTURE STIFFNESS MATRIX

IND=2

LCOUNT=0

REWIND 2

REWIND 1

CALL FRAME(A,MTOT)

TRIANGULARIZE STIFFNESS MATRIX

KTR=1

CALL SOLVER(A(Nll),A(N13J,A(NlOJ,NEQ,NEQl,NSKY,KTRJ
CONTINUE

READ AND PRINT ELEMENT LOAD MULTIPLIERS

READ(5,773(ELM(J),J=1,NLC)
WRITE(6,78)

WRITE(6,79) (L,L=1,NLC)
WRITE(6,81)(ELM(J),J=1,NLC)
READ(S5,44)(NLN(J),J=1,NLC)
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144

30

&0)

NN1=N13-1
DO 80 L=1,NLC
ELMN=ELM(L)
DO 144 [=N12,NNI
A(T+NEQ3I=A(I)*ELMN
WRITE(6,.%%9) L
WRITE(6,122)
NC=NLN{L)

IF(NC.EQ.0) WRITE(¢,1000)
IF(NC.EQ.0) GO TO 30

ADD CONCENTRATED LOAD TO CALCULATED LOADR VECTUOK

CALL NODLOD (A(N13),A(N1),NC,NSN,NEQ;

CONTINUE

1F(MODEX.NE.O) GO TO 80
CALCULATICON OF DISPLACEMENTS
KTR=2

CALL SOLVER(A{NII),A(NljJ,ALNJJ},NEQ,NEQJ,NSKY

PRINT THE NODAL DISPLACEMENTS
WRITE(6,1115
CALL DISP{A{N13),A(Ni),NSN NE]

CALCULATE STRESSES AT THE SELECTED POINTS OF

EACH ELEMENT

REWIND Z

REWIND 1

IND=3

LCOUNT=0

CALL FRAME({A,NTOT)
CONTINUE

1 6 EONTTRUE

11
12
13
22

33
44
55
66

FORMAT (415
FORMAT{ 15}
FORMAT(5I3)

FORMAT (5%, 'NUMBER OF STRUCTURE NODES® ,145/50K.

* "NUMBER OF MATERIAL GROUPS.... .14/5%,
* ' NUMBER OF LOADING CONBITIONS. ..° . 13//>
FORMAT( / /25X, ELEMENT DATA /:
FORMAT(1015)
FORMAT( 2Z0A4 )

FORMAT (700 %7 1/25%,2UA8 /770 "7 /22X, TSV RUCTURL

(|



77
78
79
81
88

10
11

22

33

44

FORMAT(10F5.2)

FORMAT(//5X,  ELEMENT LOAD MULTIPLIERS® 7/
FORMAT (5X, "LOAD CASE NO.’,14,%:4&;
FORMAT (15X, 10(2¥,F6.2))

FORMAT{ /20X, 'DATA OF SOLUTION PHASE  j20X,22( *’

10X, "NUMBER OF EQUATIONS. ... (NEQ;=".:i7//1UX%,
NUMBER OF ELEMENTS IN SK.... (NSKYi =" ,19//"
FORMAT(//5X, LOAD CASE NG. ... ,14/3

e/

FORMAT(///25X, "NODAL DISPLACEMENTS / /4%, "NODE’™ | 2x,

X-DISP’,4X, Y-DISP’ ,4X,
Z-DISP’ , 4%, 'ROTA-X’ , 4X,
ROTA-Y’ , 4%, ROTA-2"/)

FORMAT( /25X, "NODAL LOAD DATA’ /,;
FORMAT(5X, 'NUMBER OF LOADED NODES = o

CLOSE(Ll,STATUS="KEEP "}
CLOSE(Z,STATUS="KEEP" )
CLOSE(8,S5TATUS="KEEP’)
CLOSE(6,5TATUS="KEEP ")
CLOSE(3,5TATUS="KEEP ")
STOP
END

SURBROUTINE ERROR(N, I}

GO TO (1,2,33,]1

URITE(6,11)

GO TO 10

WRITE(S,22)

GO TO 10

WRITE(6,33)

WRITE{6,44)N

FORMAT(7X, 'NOT ENGUGH STORAGE FOR READ-IN OF
NDF ARRAY AND NODAL POINT COORDINATES’
FORMAT(/ /5%, 'NOT ENOUGH STORAGE FOR ELTL NODE
COORDINATES " )

FORMAT(//’NOT ENOUGH STORAGE FOK ASSEEMBLAGE OF
GLOBAL STRUCTURE STIFFNESS AND DISPLACEMENTS -
[N STRESS SOLUTION PHASE 3

>

FORMAT(/// /10X, " ***ERROR* **STURAGE EXCEEDED BY ,I%

RETURN

END

SUBROUTINE INPUT READS NODAL AND MATERIAL DATA
SUBROUTINE INPUT (X,Y,2,E,PR,UD,NDF,NSN,NMF ,NEQ
COMMON/TAPES/STRESS , ARRAY , I[PR

DIMENSION X(NSN),Y(NSN),Z(NSN), E(NM# ), PR¢{NMP )
DIMENSION NDF(6,NSN),JF(6),WD{NMP:

N
4

’
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C

Lo

110

120

125

130

140

150

160

174

235

DIMENSION NUYLT{ L

MN=0

READ(S, 33 3NN, (JF (D, [=1, 6, Xraky, YONN 20NNy, XL
write{* 33Iinn, 3t }, i b, o lmn Y inng, sinnlo
N=MN+NI

MN=MN+1

PO.120 [=1.,6

NDF(I ,NNj)=JF( i)
CONTINUE

[F (NI.EQ.0) GO TO 130
IF (NN-PMNj130,L25, 144U
CONTINUE
IF(NSN-NN)YLVU, 170, c0u
MN=NN

GO TO 125

AUTOMATIC GENERATION OF NODAL DATA

N¥=(NN-N+NI /NI
XD=(X(NN)-X(N-NI}Y)/FLOATINX)
YD=(Y(NN3;-Y(N-NI))/FLOAT{NX
ZD=¢Z{NN)-Z{N-N1))/FLOAT(NX
MN=NN

X(N)=X{N-NI)+XD
T(N)=Y{N-NI+YD
Z{N)=Z(N-NI1)+4D

BO 160 I=1,6

NDEFCT,N)=JF{ 1.

CONTINUE

N=N+NT

IF(N.LT.NN) GO TG 150
IF(NSN-NN)L170,170,100
CONTINUE

IFCTIPR.NE_O) GO TQ 235
WRITE{6,44 (1, (NDFe¢J, 1), d=b, 6 X1, Y({1:,201;,
I=1,NSN)

writel*, 44 ) s, inde(j, i), 1=L,6,x(1},yiL.,ziL]), 7]

CONVERT ZERO AND ONE O¥ NIDF ARRAY TO EQUATION
NUMBERS AND ZFEROS

NEQ=0

DO 30 N=1],N5N

DO 30 I=1,6

FF{NDF(I,NYJLD, 20,10

NEQ=NEQ+1

NDEF{ I ,NI=NEQ

s
A8}
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oy

GO TY 30

10 NDF{I,N)=0C

30 CONTINUE
LTFCIPROEQ.OIWRITE O, V7 3 {1 (NDF Gy o
READ AND PRINT MATERIAL PROPERTIES
BO 1 J=1,NMP

L READ(CS5,55)1,E(CI),PRCIL y,wd( [}

WRITE(E,66)(1,E(L).PRe I w1, 1=, nmp )

Ui

33 FORMAT(7I5,3F10.3,15 .
44 FORMATC(/ /23X, "NODAL PUINT DATA  //7X, NOUE" . 3X,
*PNCGDAL D.O.F.7 5K, " ¥X-CuuRkJ. " ,5% "7 J0uwil’ (wX,
* ' Z-COBRD. "/ /
*(5X,14,3X,612,3X F10.4,3%, FLlU. 4. 34 . Fig. 4,
55 FORMAT(I3,E10.3,2¢t7 .3
66 FORIMNATC(//20X, MATERIAL PROPERT.IES'//5%,
¥*TGROUP NUT ,5X, "YOUNGS MODULUS" 55X, "POISSON RATIC
*5x, "BENSITY’ //
*{OHX,I3,8%,E10.3,1ux,£7 .3, 1x,67 .35
77  FORMAT(/S5X, NODE’,L1lX, "EQUATION NUMBERS® //
*{5X,14,3%X,615/1))
RETURN
END
SUBROUTINE INISKP INITIALIYES THE GLOBAL STIFENESS
MATRIX
SUBROUTINE INISKP(SK,N3SIZE)
DIMENSION SK(NSIZE)
DO 10 I=1,NSIZE
10 SK(1)=0.0
RETURN
END
SUBROUTINE COLUMH(CHT.ND,NED,NED ;
INTEGER CHT
DIMENSION CHT(NEQ),ND(NED
CALCULATES THE COLUMN HEIGHTS ©r HACH CULUMN
IN THE GLOBAL STIFFNESS MATRIX

L5=300000

DO 30 K=1,NED

IF(NDCK)) 16,30,10
10 IF(ND(K)-L5)20, 30, 30

20 LS5=ND(K)

30 CONTINUE
DO 40 K=1,NED
FI=ND(K)
IF(IT.EQ.0y GO TO ay

Uil
oo
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1

o0

40

i0

20
30

30

40

50

60
70

Wi

ME=II-LS

IF(ME.GT.CHTC(II)JCHT(II)=ME

CONTINUE

RETURN

END

SUBROUTINE CADNUM(CHT,NDS,NEQ,NEQ1L,NSKY,MBAND)
INTEGER CHT(NEQ),NDS(NEG1!)

CALCULATES ADDRESSES OF DIUGONAL ELEMENTS IN
BANDED MATRIX WHOSE COLUMN HEIGHTS ARE KNOUN:

DO 10 I=1,NEDI
NDS(I)=0
NDS(1)=1
NDS(2)=2
MBAND=0
IF(NEQ.EQ.13} GO TO 3u
PO 20 I=2,NEQ
IF(CHT(I;.GT.MBAND) MBAND=CHT! [}
NDS(I+1)=NDS(I3}+CHT(1)+1
MBAND=MBAND+1
NSKY=NDS(NEQ1)-1
WRITE(S,*)(NDS(1),1=1,NEQL}
RETURN
END
SUBROUTINE ASSEMB ASSEMBLES ELEMENT STIFF MATRIX
IN GLOBAL STIFF MATRIX
SUBROUTINE ASSEMB (SK,EK,STIF,SET,NDS,ND,NED,NEGL,NSXY NUED,
*MODE 3
DIMENSION SK(NSKY),NDS(NEQ1),ND(NED),EK(NUED,NUED.
READ(3,*)LNUM,MODE,STIF,SET
DO 70 I=1,NED
I1=ND(I)
IF(II)70,70, 30
CONTINUE
DG 60 J=1,NED
JJ=ND{ J)
IF(JJ)60,60,40
CONTINUE
MI=NDS(JJ)
1J=JJ-T11
[F(IJ)I60,50,50
KK=MI+1J
SK(KK)=SK(KK)+EK(IL,J}
CONTINUE
CONTINUE
IF(MODE.NE.1) RETURN



35

40

50

60

51

61

76

80
90

100

DO 35 K=1,3
KK=ND(K)
IF(KK.EQ.0)GO TO 35
Mi=NDS(KK)
SK(MI}=SK(MI)+5TIF
CONTINUE

RETURN

END

SUBRCUTINE SOLVER (SK,P,NDS,NN,NEQLl,NSKY,XKK)
BIMENSION SK(NSKY;,P(NN),NDS(NZGL)
[F(KKK-2) 40,150,150
DO 140 N=1,NN
KN=NDS(N)

KL=KN+1

KU=NDS{N+1)-1
KH=KU-KL

IF(XKH) 110,%0,50
K=N-KH

[C=0

KLT=KU

bo 80 J=1i,KH

IC=IC+1

KLT=KLT-1

KI=NDS{K)
ND=NDS({K+1)}-KI-1%
IF(ND) 80,8¢,60
IFCIC.LT.ND3 GO TO 51
KK=ND

GO TO 61

KK=1IC

C=0.0

bo 70 L=1,KK
C=C+S5K{KI+L)*SK(KLT+L)
SK(KLT)=SK(KLT)-C
K=K+1

K=N

B=0.0

DO 100 KK=KL, KU

K=K-1

KI=NDS(K)
C=SK(KX)/SK(KI)
B=B+C*SK{KK)

SK(KK)=C

CONTINUE

Logt
n

L



110
LZ0

140

150

160

170

180

200

210

220
230

222

SK(KN)=SK({KN)-B

TF(SK(KN)) 120,120,140
WRITE(6,222)N,S5K(KN)
STOP

CONTINUE

RETURN

REDUCE RIGHT HAND SIDE LOAD VECTOR

DO 180 N=1,NN
KL=NDS(N)+1
KU=sNDS(N+1)-1
IF{KU-KL) 180,160,160
K=N

C=0.0

DO 178 KK=KL,Ku
K=K-1
C=C+SK{KK)*P{K}
P{(N}=P(N)-C
CONTINUE

BACK SUSTITUTION

DO 200 N=1,NN
K=NDS(N)
P(N)=P(N)/SK(K)
IF(NN.EQ.1) RETURN
N=NN

DO 230 L=2,NN
KL=NDS(N)+1
KU=NDS(N+1)-1
IF(KU-KL) 230,210,210

K=N

PO 220 KK=KL,KU

K=K-1

P{K)Y=P(K)-SK(KK)*P(N)

N=N-1

RETURN

FORMAT(//5X, STOP-STIFFNESS MATRIX NOT’
**POSITIVE DEFINITE'/5X, NON POS!TIVE PIVOT FOR
*"EQUATION' ,14//10%, 'PIVOT =’ E20.12;

END

SUBROUTINE NODLOD(P,NDF,NC,NSN,NEQ)
COMMON/TAPES/STRESS,ARRAY , IPR
DIMENSION P(NEQ),NDE(6,NSN;
DIMENSION CNL(6)

IF(IPR.EQ.0) WRITE(6,30;

T
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10
20

11
30

40

1o

20
30
22

30

vl
~

o Z0 J=1,NC

READ(5,11) NODE,(CNL(I),I=1,6>
WRITE(6,40) NODE,(CNL¢I},I=1,6)

DO 20 I=1,%6

[IT=NDF{I,NODE)

IF({II)y 20,20,10

P(IL)=P(II)+CNL{I}

CONTINUE

RETURN

FORMAT(I10,6F10.4)

FORMAT(3X, 'NODE’,5%X,’¥~-FOR’,5X, Y-FOR’,5X, "Z-FOR",
5%, 'X-MOM’ ,5%, Y-MOM' ,5X, Z-MOM" /)
FORMAT(2X,I14,6(3X,F7.3})

END

SUBROQUTINE DISP(D,NDF,NSN,NEQ)
DIMENSION D(NEQ),NDF(6,NSN),DISPV($6;
DO 30 J=1,NSN

DO 10 I=1,6

DISPV(I)=0.0

DO 20 I=1,56

KK=NDF(I,J)>

IF(KK.NE.QO) DISPV(I)=D(KK)
WRITE(6,22) J,(DISPV{I),I=1,6)
FORMAT(2X,13,2%,E10.3,2E108.3,1X,E10G.3,2E10.3/)
RETURN

END

SUBROUTINE FRAME(A,MTOT)

COMMON/DIM/N1,N2,N3 ,N4,N5,N6,N7 ,N8,N9 . N1Q,N11,
N12,N13,N14
COMMON/PAR/IND,NSN,NMP ,NEQ,NSKY ,NEQ1, LCOUNT
COMMON/TAPES/STRESS, ARRAY,IPR
COMMON/MULT/ELMN

COMMON STIF,SET

COMMON MODE,NDS

DIMENSION A(MTOT)

NED=12

IF(CIND.NE.1) GO TO 30

N10=N%+NED

N11=N1g+1

N1Z=N11+1

N13=N12+1

NSKY=1

CALL BEAM ({A(NZ2),A(N3),A(N4d , A(NS),A(No),A(NT ).



310

Nl

o

A(Nll),A(NlZ),A(Nl),A(NB),A(NQ),A{NLU},A(NlB),NEDJ
RETURN

END

SUBROUTINE BEAM(X,Y,Z,E,PR,UD,SK,PQ,NDF,CHT,ND,
NDS,P,NED)
COHNON/PAR/IND,NSN,NNP,NEQ,NSKY,NEQL,LCOUNT
COHHON/TAPES/STRESS,ARRAY,IPR

COMMON/MULT/ELIMN

COMMON STIF,SET,MODE,NDEL(Z0)

DIMENSION X(NSN),Y(NSN),Z(NSN),E(NHP),PR(NMP),wd(nmp;
DIMENSION BX(lO),BIX(lO),BIYElU),BIZ{lD),B(lZ,lE)
DIMENSION ALIY(ZUJ,ADIY(ZO),ALIZ(ZD),ALJY(ZU},ADEZ:ZZZ
DIMENSION ALJZ{ZO},ALAX(ZO),ALTY(ZDJ.ALDY(ZU}
DIMENSION LSN(lOO),ALTZ{ZU),ALDZ(ZO}

INTEGER CHT(NEQ)

DIMENSION Q(12),XL(3),YL(3),ZL(B},LNC(B},MNC(:)
DIMENSION EK(12,12),T(12,12)

DIMENSION FIX(12),KODE(3),SWEF{3:

DIMENSION SK(NSKY},P{NEQ},NDFiO,NSN},NDS(NEQI;,
ND{(NED),PQUNEQ)

GO TO(310,350,400),IND

CONTINUE

READ(5,11) NEL,NGP,NLS

LCOUNT=LCOUNT+1

NDEL{LCOUNT)=NEL

WRITE(6,22)NEL

WRITE(*,22)NEL

po 1 I=1,NGP
READ(S,SS)I,BX(I),BIX(I),BIY([),BEZ(E}
WRITE(6,77)
URITE(é,SS)(I,BX(I),BIX(I),BIY(l},BIZ(I),I=1,NGP)

IF(NLS.EQ.0Q) GO TO 7

Do 4 1I=1,NLS
READ(5,56)I,ALIY(I),ADIY(I),ALIZ(I),ADIZ(I},
ALJY(I),ALJZ(I),ALAX(I),ALTY(I),ALDY(I),ALTZ(I_,
ALDZ(IL)

WRITE(6,31)

WRITE(6,34)

WRITE(6,35)

WURITE(6,36)

URITE{(6,37)

WRITE(6,38)

WRITE(6,39)

WRITE(6,57)

WRITE(6,58)



WRITE(6,59)
31  FORMAT(/9x, 'P-Y =POINT LOAD ALONG LOCAL Y-AXIS’ .
34  FORMAT(9X,'P-Z =POINT LOAD ALONG LOCAL Z-AXIS'/;
35  FORMAT (9X,’DY] =DISTANCE OF PT LOAD FROM NODE-. /:
36  FORMAT (9X,'DZI =DISTANCE OF Z PT LOAD FROM NODZ~0 /'
37 FORMAT (9%, 'UDLY=UDL ALONG Y-AXIS’/)
38  FORMAT ($X,'UDLZ=UDL ALONG Z-AXIS’/)
39  FORMAT (9X, AXIAL=AXIAL FORCE IN MEMBER’/)
57  FORMAT (9%, TR-Y =TRAPEZOIDAL LOAD ALONG Y-AXIS' /)
58  FORMAT (9X, ' TR-Z =TRAPEZOIDAL LOAD ALONG Z-AXIS’,
59  FORMAT (9%, 'DA.l =DISTANCE ’a’' FRGM NODE i’/
WRITE(6,89)
WRITE(G6,91) (I,ALIY(CI),ADIY(:},ALIZ(I),ADIZ(:;,
* ALJY(I),ALJZ(I1),I=1,NLS)
WRITE(6,73)
WRITE(6,74) (I,ALAX(I),ALTY(1),ALDY(.),ALTZ{I ,
* ALDZ(I),I=1,NLS)
7 CONTINUE
IF(IPR.EQ.0) WRITE(6,32)
IF(IPR.ED.0) WRITE(6,33)
KK=0
DO 340 I=1,NEL
ki=0
READ(5, 44 YLNUM,MG, (MNC(J),J=1,3),NG, L.SN(LNUM) ,mode st iz,
write(*,*)LNUM,MG, (MNC(J),J=1,3),NG,LSN(LNUM) . mode . st if,
WRITE(3,*)LNUM,MODE,STIF,SET
IF(KI.GT.0) GO TO 110
DO 120 J=1,3
120 LNC(J)=MNC(J)
MM=LNC(3)
XL{3)=X(MM)
YL{3)=Y(MM)
ZL(3)=Z(MM)
110 KK=KK+1
IF(LNUM-KK)2,2,3
3 CONTINUE
DO 5 J=1,2
5 LNC(J)=LNC(J)+KI
2 JJ=0
PO 330 J=1,2
K=LNC(J)
XL(J)=X{K)
YL(JI)=Y(K)
ZL(I)=Z(K)
AX=BX (NG)
AIX=BIX(NG)
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oRe RGNS

0

320
330

340

22

350

i0

AlY=BIY{NG)
AIZ=BIZ(NG)

DO 320 L=1,6
JI=JJ+1
ND{JJ)Y=NDF{(L,K)
CONTINUE
write(Z,*)(nd(ll),il=1,lZJ,(lennJ,yl(nn),zann),
lnc(nn),nn:l,3),mg,ax,aix,aiy,aiz
CALL COLUMH(CHT,ND,NED,NEQ)
LSN{KK)=LSN(LNUM)

IF(IPR.EQ.0) WRITE(6,%66) KK,NG,(LNC(J),J:1,3),NG,L5N(K£}

CONTINUE

REVIND 3
READ(S5,92)(SWE(I},1=1,3)

FORMAT{(3Fb5.2)

RETURN

CONTINUE

LCOUNT=LCOUNT+1
NEL=NDEL(LCOUNT)

write(*,*) in ind=2,nel=" ,nel
DO 200 LNUM=1,NEL
READ(Z,*)(ND(LL),LL=1,12),(XL(NN),YL(NN),ZL(NN},
LNC(NN),NN=1,3),MG,AX,AIX,AIY,AIZ
DO 10 J=1,12
Do 10 I=1,12
T(1,J)=0.0
EK(1,J3=0.0
QCJ)=0.0

CX=XL(2)-XL(1)
CY=YL(2)-YL(1)
CZ=2ZL(2)-2L(1)
AL=SQRT(CX*CX+CY*CY+CZ*CZ)
XP=XL(3)-XL(1)
YP=YL(3)-YL(1)
ZP=7ZL(3)-2ZL(1)

SUBRQUTINE ’TRANS’® COMPUTES ROTATION
TRANSFORMATION MATRIX

CALL TRANS(T,CX,CY,CZ,XP,YP,ZP,AL)
SUBROUTINE °STIFF’COMPUTES THE ELEMENT
STIFFNESS MATRIX IN LOCAL CO-ORDINATE SYSTEM
EF=E{MG)

AMU=PR (MG)



000

0o

O G

80

90

180
160

358
357

CALL STIFF(EK,F,ANU,AL ,AX ,ALX,ALY,A17

TRANSFORM STIFFNESS MATRIX IN GLOBAL
COORDINATES AND STORE THE K*T PRODUCT O
THE FILE ’*STRESS”

DO 80 I=1,12

DO 80 J=1,1Z

B{(I,J)=0.0

DG 80 K=1,12Z
B(I,J)=B(1l,J)+EK(L,K}*T(K,J)
WRITECL,*y((B(E,J),I=1,123,0=1,12

DO 90 I=1,1Z4

pbo 94 J=1,12

EK(I,J)=0.0

DO 920 K=1,1Z
EK(I,J)=EX(I,J)+T(K,I)*B(K,J;

NUED=NED

ASSEMBLE ELEMENT STIFFNESS INTO COMPACUTED
GLOBAL STIFFNESS

REWIND 8

READ(8,*)(NDS(I),I=1,NEQ1)

CALL ASSENMB{(SK,EK,stif,set ,NDS,ND,NED,NEQL,NSKY ,NUZL,xode}
CALL SELFWT(Q,NED,AL,AX,MG,WD,T,NMP,swf;
CALCULATION OF THE LOAD VECTOR DUE TO
ELEMENT FORCES

CALL FIXED(Q,NED,AL,LNUM,LSN,ALIY, ADIY ,ALIZ,ADIZ,
ALJY,ALJZ ,ALAX ALTY ,ALDY ALTZ ,ALDZ)
TRANSFORIM THE LOAD VECTOR IN TEE GLOBAL
COORDINATE SYSTEN

ADD THE LOAD VECTOR TG THE 'PQ’ VECTOR
WRITE(L,*)(QCL),I=1,12)
DO 160 K=1,12
KK=ND(K)}

IF(KK.EQ.0) GO TO 164G

DG 180 L=1,12

POCKK)=PQC(KK3+T(L,K)*QCL}

CONTINUE
CONTINUE
DO 357 i=1,3

IF(ND(CE))357,357,358

Q(I)=STIF*SET
CONTINUE
write(*,*)’ elm’,lnum,’ over’

IF (MODE.NE.1) GO TO 200

Bo 356 K=1,3
KK=ND(K};



IF(KK.EQ.0)GO TO 356

PO(KK)=FQ(KK)+Q(K)
356 CONTINUE
200 CONTINUE

RETURN
400 CONTINUE

WRITE(6,98)

WRITE(6,99)

LCOUNT=LCOUNT+1

NEL=NDEL(LCOUNT)

Do 150 LNUM=1,NEL

DO 130 1=1,12
130 ©¢1)=0.0

READ(2,*)(ND(LL),LL=1,12), (XL(NN),YL{NN} 6 ZL(NN),

xLNC(NN),NN=1,3),MG,AX,AIX,AIY AIZ

READC1,*)((B(I,J),I=1,12),3=1,:2)

READ(1,*)(FIX(I),I=1,12)

DO 140 M=1,12

K=ND(M)

IF(K.EQ.0) GO TO 140

DO 141 L=1,12
141 Q(L)=Q(L)+B(L,M}*P(K)
140 CONTINUE

D¢ 170 I=1,12
FIX(I)=FIX(I)*XELMN
170 Q(I)=QCI)-FIX(I)
WRITE(6,132)LNUIM, (Q(I),1=1,06)
WRITE(6,1543(Q(1},1=7,12)
150 CONTINUE
11 FORMAT(315)
22 FORMAT(/20X, NUMBER OF BEAIN ELEMENTS. . .=7,15)
32 FORMAT(/15X,'ELEMENT CONNECTIVITY DATA’ [/}
33 FORMAT(ZX,'ELEH.NO',ZX,’HAT.GROUP’,ZX,’NODE
*ZX,'NODE—K’,ZX,’GEO.GROUP',ZX,'LOAD GROUY "/
44 FORMAT(BI4,2£f15.4)
55 FORMAT(I10,4F15.7)

17 .2%
3

/

)

56 FORHAT(I3,F7.3,F4.2,F7.3,F4.2,?7.3,?7“3 oA S A B

*F7.3,F4.2)

66 FORMAT(3X,I3,7X,I3,3(5X,IQ},OX,lB,?X,23}

77 FORMAT(/20X, GEOMETRIC PROPERTY TABLE /2%,
x'GROUP NO',2X,'AREA OF C/S’',3%, TORSIONAL iy
*ZX,’INERTIA',ZX,’INERTIA'/lﬁX,’LA)’,9X,’:J)‘.vx.
T IYY)',7X, (2237 /)

88 FORMAT(5X,I14,4F10.3)
89 FORMAT(/25X,  ELEMENT LOAD TARLE  //3X, NG, 6X.



o0

*’P“Y’,7X,'DYI',7X,’P—Z',6X,'DZI’,6X,’U3L*Y',YX,'UD;*E’

73 FORMAT(3X,'NO',5X,’AXIAL’,

*5X,'TR—Y’,5X,'DA.I’,SX,’TR*Z’,5X,’DA.I’//}
74 FORHAT(ZX,IB,ZX,FS.3,2X,FB.3,ZX,F4.2,2X,F5.3,2X,E
21 FORHAT(ZX,I3,4X,F8.3,4X,F4.2,4X,EB.5.4X,E&.Z,QX,E

*4¥X,F8.3)
98 FORMAT(//20X,’ ***BEAN FORCES AND MOMENTS***7//}

29 FORMAT(lX,’ELEH',lX,'NODE',5X,’AXIAL’,5X,’SH—Y’,E

*SX,'TUIST‘,BX,’BH—Y’,SX,’BH—Z’/f}
132 FORHAT(lX,IQ,lX,’I',lX,belD_BJ
154 FORMAT(6X, J’,1X,6el0.3/"

RETURN
END

SUBROUTINE SELFUT(Q,NED,AL,AX MG,WD, T ,NIP, SUE3
DIMENSION Q(NED),WD(NNE)
DIMENSION T(12,12),GQ(12},SWE(3)
SUT=AL*AX*WD(IG)

DO 5 J=1,12
5  GQ(JY=0.0
po 10 I=1,3
GQ(I)=0.5*SWT*SUF(1)
10 GQ(I+6)=GQI)
DO 15 1=1,12
DO 15 J=1,12
15 Q(I)=QCI)+T(L,J)*GQJd)
Q(6)=Q(2)*AL/6.0
Q(12)=-0(¢)
RETURN
END

SUBROUTINE FIXED(Q,NED.AL,LNUM,LSN,ALIY,ADIY,
*ALIZ,ADIZ,ALJY,ALJZ,ALAX,ALTY,ALDY,ALTZ,ALDZ)
REAL*4 LIY,LIZ,LJY,LJZ,LAX,LTY,LDY,LTZ,LDZ
DIMENSION QENED)

DIMENSION ALIY(ZO),ADLYLZO),ALlZLZO),AD[Z(ZU),ALJ
DIMENSION ALAX(20),ALJZ(20)

DIMENSION LSN(100)

DIMENSION ALTY(ZU),ALDYLZO),ALTZ(ZUJ‘ALDZ(ZO)
L=LSN{LNUM);

LIY=ALIY(L)

DIY=ADIY(L)

LIZ=ALIZ(L)

DIZ=ADIZ(L)

LJY=ALJY (L)

4.2}
8.

YOIl

X, SHE-Z’

Lond



LJZ=ALJZ(L)

LAX=ALAX(L)

LTY=ALTY(L)

LDY=ALDY (L)

LTZ=ALTZ(L)

LDZ=ALDZ(L)

IF(LIY.EQ.0) GO TO 20
CIY=AL-DIY
AA=LIY*CIY*CIY*(AL+2*DIY)/AL*=*3
BB=LIY-AA
CC=LIY*DIY*CIY*CIY/AL**2
DD=-LIY*DIY*DIY*CIY/AL**2
DC2)=0C23+AA
Q(63=0(6)+CC
Q(8)=Q(83+BB
Q(12)=0(12)+DD
IF(LIZ.EQ.0) GO TO 30
CIZ=AL-DIZ
AA=LIZ*CIZ*CIZ*(3*DIZ+CIZ)/AL**3
BBRB=LIZ-AA
CC=~LIZ*DIZ*CIZ*CIZ/AL**2
DD=LIZ*BIZ*DIZ*C1Z/AL**2
RL33=0(3)+AA
Q(9)=0(%)+BB
Q(5)=Q(5)+CC
Q(11)=0(11)+DD
IF(LJY.EQ.0) GO TO 40
AA=LJY*AL*0.5
BB=LJY*AL*AL/12Z.0
Q(2)=Q(2)+AA
Q(8)=Q(8)+AA
Q{6)=0(6)+BB
Q(12)=Q(12)-BB
IF(LJZ.EQ.0) GO TOQ 50
AA=LJZ*AL*Q .5
BR=LJZ*AL*AL/12.0
Q(3)=0Q(3)+AA
Q(P)=0(72)+AA
2(5)=Q(5)-BB
QC11)=0(11)+BB
0(1)=Q(1)+LAX*0.5
Q(7)=Q(7)+LAX*0.5
IF(LTY.EQ.C.G) GO TO 13
AA=LTY*(AL-LDY)/2.0
QE2)=0Q(2)+AA
RIB8I=Q(8)+AA



NS

13

17

20

CC=LDY*LDY*((Z.0*AL)-LDY)
BB=LTYX((AL**3)-CCy/(12.0%AL>
Q(6)=Q(6)+BB

Q(12)=0(12)-BB

IF(LTZ.EQ.0.0) GO TO 17
AA=LTZ*(AL-LDZ)/Z.0
Q(3)=0(3)+AA

Q(9)=0(9)+AA
CC=LDZ*LDZ*((Z.0*AL)-LDZ)
BB=LTZ*((AL**33-CC)/(12.0%Al)
Q5)=Q(5)-Bb

Q(11)=0(11)+Bs

RETURN

END

SUBROUTINE TRANS(T,CX,CY,CZ,XP,YP,ZF,AL)
DIMENSION T(i2,12)

CX=CX /AL

CY=CY/AL

CZ=CZ /AL

IF(CX.EQ.0.0.AND.CZ.EQ.0D.0) GO IO 2C
DEN=SQRT (CX**2+CZ**2)
YPY=(-1.0*CX*CY*XP/DEN)+(DEN*Y2 )~ (CY*CZ*ZP/DEN
ZPY=(CX*ZP/DEN)~(CZ*XP/DEN)
DIV=SQRT(YPY*YPY+ZPYXZPY)
S1=ZPY/DIV

CO=YPY/DIV

T(1i,1)=CX

T(1,2)=CY

T(1,3)=CZ
T(2,1)=(-CX*CY*CO-CZ*S1)/DEN
T(2,2)=DEN*CO
T(2,3)=(CX*SI-CY*CZ*C0)/DEN
T(3,1)=(CX*CY*SI-CZ*CO)/DEN
T(3,2)={-DEN*SI)
T(3,3)=(CY*CZ*SI+CX*CO)/DEN
GO TO 30

DIV=SQRT (XP*XP+ZP*ZFP)
S1=2P/DIV

COo=-XP*CY/DIV

T(t,2)=CY

T(2,1)=-CY*CO

T(2,3)=51

T¢3,1)=CY*SI

T(3,3)=C0



30

40

10

20

CONTINUE

COMPLETE THE TRANSFORMATION MATRIX

Do 40 1=1,°9

K=1+2

DO 40 J=I1,K
IF(J.GT.9) GO TO 48
TCI+3,J+3)=T(1,3)
T(JI+3,1+3)=T(J,1)
CONTINUE

RETURN

END

SUBROUTINE STIFF(EK,F,AMU,AL,AX,X,Y,2)

DIMENSION EK(12,12)
G=0.5%F/(1.0+AMU)
EK(1,1)=F*AX/AL
EK(2,2)=12.0*F*Z/AL**3
EK(3,3)=12.0%F*Y/AL**3
EK(4,4)=G*X/AL
EK(5,5)=4.0*F*Y/AL
EK(6,6)=4_.0%F*xZ/AL

DO 10 I=1,6
EK(I+6,[+6)=EK(I,1)
EK(I,I+6)=-EK(I,1)
EK(5,11)=-0.5%EK(5,11)
EK(6,12)=—0.5%EK(6,12)
EK(2,6)=6.0%FXZ/AL**2
EK(3,5)==6.0*F*Y/AL**2
EK(2,12)=EK(2,6)
EK(3,11)=EK(3,5)
EK(5,93=—-EK(3,5)
EK(9,11)=—EK(3,5)
EK(8,12)=-EK(2,6)
EK(6,8)=—EK(2,6)

DO 20 J=1,9

M=J+1

DO 20 1I=M,12
EK(I,J)=EK(J,1)

RETURN

END
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frame-2
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STRUCTURE LATA

NUMBER OF STRUCTURE NODES 57
NUMBER OF MATERIAL GROUPS. ... i
NUMBER OF LOADING CONDITIONS. .. 1

DATA OF SOLUTION PHASE

AXXEXXA XA A A A AA XA AL XA XA X

NUMBER OF EQUATIONS. ... {NEQ)= 285

NUMBER OF ELEMENTS IN SK....(NSKY )= 203437

ELEMENT LOAD MULTIPLIERS

LOAD CASE NO. 1

it
[os
[}

LCAD CASE NO.... 1

***REAM FORCES AND MOMENTS***

ELEIT NODE AXITAL SH-Y SH-Z T ET
1 I -4.1038 12.0661 -1.0959 L ZUABL T h -
4.1638 14.933% 1.095% LELelL T
2 1 -5.8915% 15.8776 -.6660 - L2948 RS
5.8%15 11.1224 LH6€E0 2% LB IS R
3 1 -10.0546 12.6961 L2563 L AU R
J 10.054¢6 14.3039%9 -LZbh62 L4098
4 { -8.1588 13.9517 - A LobhHl
8.1588 13.0483 v 5L ehe
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CHAPTER IV

ANALYSIS INCORPORATING SOIL STRUCTURE INTERACTION

4.1 Interactive analysis for frames with isolated “octings:

The multistoreyed frame is considered as =2 3pace
frame. An initial analysis should be carried out, assuming
that there is no settlement ir the foundation. #ilf the
calculated axial loads 1in columns the fouwndatlior area
can be obtained from the a>lowable bearing capaci.v of
soil. Then the settlement at each focting can De calcolated

from the following formula.

5 = qg.B.{1- pz).IW/ES T

where

S = settlement of footing

g = intersity of contact pressure

B = least lateral dimension of focotling

Iw = influence factor which depends <7 S7&C€ and

rigidity of footing

Es = static stress strailn modulus

¥ - Poisson's raiio.

The influence value for flexibile feooting, can De
computed from the equation proposed Dy Steintbrernsr 2]
for the corner of a rectangu.ar area of dimersicns ZxL Aas

Teo = ?r’ ; QnCI+(L/B) +1) 4 Qﬂ(__ ,4,_/(_1:‘5)24.1\}_1
~ A

{L/B)
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The influence value for the center of «he footing
is obtained by summing two corner values from tn2 abdbove
equation with due attention paid to the B and L cdimensicns

of contributing area.

Similarly the rotation of column due to setilement

can be calculated using the fcrmula, suggested Dy

V.e. (1- %2) x Im

tan 8 = 14
B. L2 . ES
where
® = angle of rotation, with horizantal
Vv = axial force in column
e = eccentricity of force
Im = influence factor
The calculated settlements should bDe eniered in

the input Tfile SPIN.DAT according to the possition of
column member data. Again the analysis should bz za-~ied
out. The results in seconc anaiysis will be di7Terent.
With these cclumn load§, the settlements in the fsotings
are to be found out. The same norocedure shoulc De

until the result converges.

This is a modified form of the methoc suggested

by ©.P.Jain (1), in whicn he considered the frame as



two dimensional frame, in both directions. In this melhod,
the number of jterations are more. But, in ihis tnesis

work since the frame 1is considered as 4 space Trame,

)
Ci
-3
@
]

|

the effect of settlement in the plane frames in twg
ion is included in a single step. So, the results corverde

in two or three jterations.

4.2. Interactive Analysis for Rafted Frame:

For the interactive analysis of rafted frame, the
method suggested Dy L.Strat, has been followes. Zince
this method, does not include the scil media direcTtly
in the interactive analysis, the programming gnc  Input

data preparation will be easier.

An initial analyslis, without interacticn is to De
cartied out. With these column ‘orces, an espproximate

raft foundation design 1s 10 he done by assumirg & rigia

base, i1n order to get 1the dimensions of 1the “ouncation
slab and beams. For the second analysis, 1fre “founcaticn
members are also included. The foundation begm MeMoETS
are subjected 10 upward thrust. Irn the mairix me thod

of structural analysis the element lLoads should be converted

into nodal loads. So, we nhave 10 find out the nressure
distribution below the foundation. For this, we ca” foillow
any of the procedure given in Appendix - E cr  Appendix

bt
-

-F bpased on IS5 2950 (Part yo— 18981, The concreta rafl
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foundation is neither a rigid, nor @2 perfectiy Tlexible
one. Since the procedure given 1n Appendix - rozooounts
for non uniform column spacing and ‘pad intesity. ne
same can be used satisfactorily. A program has bheen oevel-
oped 10 find out the moments aboui I1wo axes:. vertical

shear and the csettlements at the columns. These calculated
nodal moments and settlements are incorporatec 1T 1nhe
input for second analysis. The same prececure ~as tc

be followed, until the results converge.

Although, this methed is an iterative orocedure,
it will be easier to follow. 1+ is found that the ~asults
are converging within three o~ four iterations. Tre momentis;
shear and settlement calculation includes 17€ =odulus
of subgrade, poisson Ratio ana modulus of elasticity of
soil. Thus the effect of scil i indirectiy incecroorats
ed. The problems considered in the previous chapter are
analysed, by considering the interaction phetweer “ouncation

(on winkler's model) and super structure.

4.3 Program for the analysis of raft founcaticorn &g per

1S: 2950 (Part I) - 1987%.

The raft foundation is assumed as flexinle. I ooaract-
ice the column spacing ard column load i1tens. . will
not be uniform. Sy the procedure given i Aooendix-F
of 15: 2950 (part-1) - 1981, Is used. The sc . media
is assumed as winkler's media. For every cciumn loac,

the moment about X ang y directions, shear and se...ementis



at various points can be calculated using thne S ormu.ae
and charts. To get the total moments ana sertlementis,

the calculated moments and setilement for eact S0 umn

load, should be added. This procedure 1is cumberscme if
followed manually. Sp a compuier program 1s ceve_oped.
The input data should be stored in =z file RAFTIN.DAT,

The results are stored in a file RAFTOUT.DAT.

INPUT DATA

1. No: of points where the moments have 1o be cal.curated,.
(1).

N = Number of points.
2. Raft material properties (E10.3, F 5.3, F &.&4 E 10 3

em,pr,k,csg

em = Young's modulus of Raeft materia: concrete;
pr = Poisson's Ratio

1t = Thickness cof Raft

csg = modulus of subgrade.

3. Nodal Data (I5,3E12.3)
nn,x{(nn),y{nn),p(nn) in one line for ezch Soin
nn= Node number- (correspondirg T column
position)
x{nn),y(nn) = x and y coordinate of the aNooa.

p(nn) = Load at the point.

4.4 Results of the analysis:

The results of the analysis are given 1In



$large

$debug

c program to find out b.m,s . f and def in ratt
c foundation on the basis ¢t winkler’'s concept
C as per IS 2950(partl)-1¥%&l

common X,y,rsf,zs,rdt,ax,ram,tam,p,axam,ayanm
common zd,rmf,zm,rss,zss,rp,ay,ashpu,shpu
dimension x(100),y(100),es£(7), zs(7),LdtL9j AXL L
dimension zd(9),rmf(10),zm(10),rss(7}, zss(7),rpiiilr,ay(11 ]
dimension ram(i00),tam(108),p(100),shpu(l00,1C0)
dimension xam(100,100),yam{100,3100},ashpu(i00)
dimension axam(lDD) ayam(1003,adef(200),def (108, 18
open(5,file="raftin.dat’,st atus—’old"

>

open(6,file="raftout.dat’ ,status— new’
o coeff for zg(function for shear in flex formula}

ns=7
rsf(1)=0.0
rsf(2)=0.7
rsf(3)=2.
ref(4)=2.
rsf(5)=3.
raf{63=4.
ref(7)=6.
zs(1)=0.5
zs(2)=0.42
zs(3)=0.16
zs(43=0.07
zs(53=0.04
zs(6)=0.0
zs(7)=0.0
coeff for zm(function for mocment)

[wie el

9!

nm=10
rmf(13=0.0
rmf(23=0.3
rmf(3)=0.7
rmf(4)=1.0

rmf (5)=2.

rmf(é) 3



zm(23=-0.18
zm{3)=-0.23
zm(4)=-0.20
zm(5)=-0.13
zm{6)=-0.05
zm{7)=-0.03
zm{8)=-0.02
zm(9)=-0G.01
zm{103=0.0
coeff for rdf{(function for detiection;

nd=9
rdf(1)=0.6
rdf(2)=0.8
rdf(3)=1.0
rdf(43=1.4
rdf(5)=2.0
rdf(6)=2.3
rdf(7)=3.
rdf(8)=4.4
rdtf(9)=6.0
zd(1)=-2.565
zd(2)=-0.3
zd(3)=-0.15
zd(4)=-0.03
zd(5)=0.03
zd(6)=0.04
zd(73=0.02Z
zd(83}=0.01
zd(93=0.0
coeftf for zss({tfunction for shear in snear formu.&’

W

nss=7
rgs(l1)=0.8
rss{(2)=1.1
rss(3)=1.8
rag(4)=2.2
rss(53)=2.9
res(63=4.0
rss(7)=6.0
zss(1)=0.55%
zasg{2)=0.34
zss(3)=0.11
zsg(4)=0.04
zss(5)=-0.02
zgs(6=—-0_.01



Iy

zgs{7)=0.0

read{(5,?)nps

g format{(i3)
write(é6,%90)nps

90 format(1l0x, "NUMBER OF POINTS=’,15/)
read(5,11)em,pr,t,csg
write(6,%2)em,pr,t,cag

11 format(el0.3,f5.3,f8.4,e10.3)

92 format(27X, PROPERTIES  //

* 1CX, E FOR RAFT MATER:AL =’ ,El0.3/

* 18X, "POISSON RATIO =’ ,th.3/

X 10X, "THICKNESS OF RAFT =" ,F8.4/

* 10X, "MCODULUS OF SYUBGRADE =" ,elU.3//)

write(6,50)
50 format (22x, "NODAL FORCES AND SETTLEMENTS /
x 22x,28( %" )/
2x, 'NODE NO:’ ,b 3%, MOM ABOUT X’ ,3X, MOM A3CUT
5%, "SHEAR’ ,8X,  DEF’ /)
d=em*t*t/(12.0*(1-pr*pr))
effs=(d/cag)**0.25
do 95 1i=1,nps
read(b,12)nn,x(nn),y(nn),plnn;’
write(*,*)nn,x(nn),y{(nn),pi{nn’
12 format{(ibh,3elZ.3)
95 continue
wrilte(* , *}’ input over’
do 180 i=1,nps
do 128 31=1,nps
rx=x(i)-x{j)
ry=y(i)-¥{j)
rr=gqrt(rx*rx+ry*ry)
rs=rr/effs
if(rs.eq.0) go to 75

call lagint{rsf,zs,rs,zsout,ns}
write{*,*)rg,zsout

call lagint{rmf,zm,rs,zmout , nm)
write(* *)rg,zmout
call laginti(rss,zgg,rs,zssout,nss)
write(*,*lirs,zgssout

75 call lagint(rdf,zd,rs,zdout,nd’}
write(*,*3rs,zdout
if{rgs.eq.0) go to 746



0

76

86

120
100

301
172

106

20

ram(j)=—pLi)*(zdout—((l”pr)*zmout/rs})jQ.G
write(*,*)ram{ j)
tam(j):—p(i)*(pr*zdout+L(1—pr)*zmout/rs)j/4.0
write(*,*)tam(]j)

shpu{i, j)=-p(i)*zesout/(4.0%efts)
rpCi)=sqrt(x(j)*x(j)+y(J)*y(3l>
cosp=x(j)/rp(])

sinp=y(j)/rp(]j)
xam(i,j)=(ram(jJ*cosp*cospJ+(tam(j)*sinp*sinp)
yam(i,j)=(ram(j)*sinp*sinp)+(tam£j)*cosp*cosp)
def(i,j)=p(i)*effs*effs*zsout/(%.O*d}
if(i.ne.1) go to 86

go to 120

axam(j)=xam(i,j)+xam(i—1,j)

ayam( j)=yam(i, j)+yam(i-1,])

adef(j)=def(i, jitdet(i-1,})

ashpu( j)=shpu(i, j)+shpu(i-1, ]’

continue

continue

do 301 k=1,nps
write(é,l?Z)k,axam(k),ayam(kj,ashpu(k),adef(kj
format(i4,4(5x,el0.3))

stop

end

subroutine lagint(ax,ay,axin,ayout,n)
dimension ax(11),ay{1l)

axin =(r/l1) value for which =z coeff value 1s needed
ayout= z function value

ayout=0.0

do 20 1=1,n

term=ay (i)

do 10 j=1,n

if(i.eq.j) go to 10
term=term*(axindax(j))/(ax(i)—ax(j))

continue

avout=ayout+term

continue

return

end

i
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CHAPTER V

ANALYSIS USING APPROXIMATE METHODS

The exact analysis of a space frame is impossiole
without the use of a computer. If this facil ity is not
available, some approximate analysis procedures can o€

followed.

For the analysis, for gravity loads substituts “rame
method can be followed, in which the frame 1is considered
as a plane frame. A substitute frame consists ¢f oseams
at a given floor level tocgether with columns above and
below with their far ends fixed. The substlitute “rames

are analysed, for all spans lcaded condiiion.

For the wind load and earthguake analysis. elther
portal method or cantilever method can be fcliowecd. In
the available literature it 1s given that, 1ine cortal
method is supposed to bpe satisfactory “or mcst oui:cings
upto about 25 storeys, whereas, the cantilever method

is good enough for about 35 storeys.

The example problems are aiso analysed bv tne azDrOX-
imate methods and the results are compared with itne oxact

analysis.

The results of the aralysis are given I~ Table

5.1 and 5.2

98
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OF LOADING CONDITIONS. .. 1
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CHAPTER VI

COMPARISON OF THE RESULTS OF THE ANALYSES

6.1 Introduction:

The resulis of the +three approaches made 7fcr the

four types of frames are ccmpared here.

6.2 Comparison of the Results:

The wvariations of the maximum bending momant and
average bending moments In beams, average cclumn mcments
and average axial loads in columns, in each sticrey, ofF
all frames are shown in Fig 6.1 to ©6.16 for t-e hrese

approaches adopted in this investigatiocn.

Tt is observed from Figs 6.1, 6.5 and 6.

-~
h)

Thel The
difference in the values obtained by the three apprcaches

with respect to maximum storey moment, average beam momenr?

and average column moment {s less for frame T which 1Is
a symmetrical one. But, from fig 6.6 it Is c:izar Ithat
if the so0il structure interactiorn s taken 1~1c acgount
in the analysis. The average axia: ioad Iin co.urne 1s
more than 50 % of that obtained by converticnz. 1n-es

dimensicnal analysis.

For the 2nd frame, the maximum storey moment oitairec

by the analysis incorporating soil-structure Interaction

ey

o



is more by 48 9% with respect to the value obtainsd by
conventional analysis. This may be due to the unsymmetry
of the structure in plan. But the average beam mgomenrts
obtained by the interactive analysis are more 5y 50 %
compared to the conventional analysis. But in this case
the difference in column loads is nect too much anc is
in the range of 26 % . The stress resultant wvaluss of
approximate analysis are lying In between the wvaiues
of conventioconal and interactive analysis, thereby shcwing
that the approximate portal methcecd of analysis c¢ives

design moments on the more realistic side than the velues

obtained by the three dimensional analysis.

The important results are alsc shown in Taizlie 6.°
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Table 6.1 Imnortant Results of the Three Approaches

Stress Resultants

{Average)

Frame 1
Second Storey
Beam Moment

Column Load
B.M.
First Stcrey

Beam Moment
Column Axial
B.M

Frame 2
Secand Storey
Beam Moment
Column Load
B.M.

First Storey
Beam Moment
Column Load

B.M.

Frame 3

Second Storey
Beam Moment
Column Load

B.M.

First Storey
Beam Moment
Column Load

B.M,

Frame &4
Third Storey
Beam Moment
Column Load
B.M.
Second Storey
Beam Moment
Column Load
B.M.
First Storey
Beam Moment
Column Load
B.M.

1
|

 3-D Frame Analysis

11.20

21.81
18.4

17.10
36.02
24.02

57.9
25.06
36.27

52.71
98.43
33.62

482.76
86.40
34.52

512.35
179.32
47.13

58.72
19.5
22.92

54.25
36.00
20,57

51.13
59.20
19.12

Knm

KN
KNm

KNm
KNm
KNm

Interactive Lporoximate
Analysis (Methee
77.95 KNM 1C.85 ANm
35.09 KN 29.60
18.9 KNM S.27 “Nm
18.4  KNm 17.80 <Nm
38.40 37.21
25.80 23,4
68.21 63.72
34.71 29.z8
49,01 42,02
84,16 56.25
124.10 113.357
45,65 35.07
502.32 L4302
109.28 1.07
40.50 L7270
527.67 581.23
198.23 T83.47
52.59 53,70
77.36 65.33
26.17 24.32
20.35 24027
72.35 £6.7%
46.1 38.31
24,62 25.52
62,357 59.12
70.25 70.26C
24 4 Z3.%2




