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[Problem | Type of Concrete| Load is applied Type of loading platens
Number Core at the end of at the ends

1 Solid Concrete and. FRICTION
~Steel

2 Solid Concrete core Frictionless
only '

3 Selid Concrete core FRICTION
only

4 Hollow Concrete core Frictionless
only

5 Hollow Concrete core FRICTION
only

TABLE 2.1
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(p0$er Concrete axial stress Steel Stress
frobiem ithZi Top Centre Axial Tang
Number law) Min. '|*Max. | .Min. .| Max: Top Center Top Center]

1 - -7.03 | -5.5 (-6.61 | -6.61|-57.3| -51.4|-17.0| -4.2
2 4 -17.1 ~8.8 |[-5,73 | -5.73|-0.81| -44.5 | +8.1 ~3.6
2 8 -24,37 | -8.39(-6,09 | -6.08|-0.51| -47.4 | 46.1 -3.9
3 4 |-20.6 |[-8.11|-6.1 |-6.1 |-0.36| -44.8|10.35| -3.68
3 8 -26.08 | -7.791-6.09 | -6.09|-0.7 | -47.6 | +0.12 | -3.9 |
4 4 -17.7 -9.14 | -5.53 | -5,51 | -0.4 | ~49.9 | +7.6 -4.9
4 8 -25.1 -8.89|-5,95 | -5,93 | -0.86( -53.7 | +5.3 -5,27
5 4 -21.07 | -8.02|-5.16 | -5.10 | -1.3 | -65.7 | +0.42 | -8.81
5 8 |-25.7 |-7.46-5.82 | -5.73|-2.6 | -65.6|-0.21 | -8.1

TABLE 2.2
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Dimensions
Steel Concrete
[Specimen Type of (Height) |Outside Outside Inside
5 Number Specimen . Length Diameter | Thickness | Diameter | Diameter
‘ in, in, in, in, in,
1 Short tube A- 23.1 4" 0.1 3.8 0.5
Top
2 Short tube A- 22,7 4" 0.1 3.8 0.5
Bottom
3 Short tube B- 23.2 4" 0.1 3.8 0.5
Top
4 Short tube B- 22,6 4" 0.1 3.8 0.5
Bottom
5 Long tube A 94" 4" 0.1 3.8 0.75
6 Long tube B 94" 4" 0.1 3.8 0.75
7 Long tube C 94" 4" 0.1 3.8 0.75

TABIE 6.1
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Southwell's Method

Actual
Buckling Critical Longquest Method
Specimen Load Load Eccentricity critical load
Number kips kips in. kips
5 160 240 0.106 212
6 235 290 0.052 263
7 230 340 0.115 315

TABLE 6.
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FIG. 22 CROSS - SECTION OF THE COM-
POSITE COLUMN
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FIG. 29 PROBLEM 2 — METHOD OF LOADING
| CONCRETE CORE ALONE
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FIG. 210 a — AXIAL STRESS DISTRIBUTION IN THE
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CONCRETE AT r=ag
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APPENDIX I

Polynomial Approximation of Bessel Functions I(x) and K(x)

For -3,75 < %x.€ 3 nd ‘:. ,X
_7.v x 3.75 and p;h 375

Io(x) =1 + 3.5156229 t2 + 3.0899424 t4 + 1.2067492 t6 + 0.2659732 t

+ 0,0360768 t10+ 0.0045813 t12+ >

le| < 1.6x1077

x—lIl(x) = 0.5 + 0.87890594 t> 4 0.51498869 t* + 0.15084934 t°
+ 0.02658733 t° + 0.00301532 t:%4 0.00032411 t 24 ¢
|e|< sx107°
For 3.75 < x < e and t = ==
or . X a. = 3.75
% -X _1 _2
x%e "I_(x) = 0,39894228 + 0.01328592 t™~ + 0.00225319 t
-3 -4 -5
- 0.00157565 t ° + 0.00916281 t — - 0.02057706 t
-6 -7 -8
+ 0.02635537 t = - 0.01647633 t ' + 0.00392377 t ° + ¢
le| < 1.9x107"
;% =X, -1 -2
x'e I (x) = 0,39894228 - 0,03988024 t - 0,00362018 ¢

+ 0.00163801 t > - 0.01031555 t % + 0.02282067 t 2

7 8

- 0.00420059 t = + ¢

0.02895312 £t ° + 0.01787654 ¢~

le| < 2.2x1077

For 0 <x < 2
Ko(x) = -1n(x/2) Id(x) - 0,57721566 + 0.,42278420 (x/2)2
+ 0,23069756 (x/2)4 + 0,03488590 (}?/2)6 + 0,00262698 (x/2)8
10 12
+ 0.00010750 (x/2) "+ 0,00000740 (x/2) "+ ¢

le| < 1x107®
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x K (x) = x In(x/2) 1) + 1 + 0.15443144(x/2)2 - 0,67278579 (x/2)"

- 0.18156897 (x/2)° - 0.01919402 (x/2)® - 0.00110404 (x/2)°
12° .
- 0,00004686 (x/2) +7g

le| < 8x107°

For 2 < x < o
$ x ‘ -1 -2
x%e ‘Ko(x) = 1,25331414 - 0,07832358 (x/2) "+ 0.02189568 (x/2)
- 0.01062446 (x/2)_3+ 0.00587872 (x/2)_4— 0.00251540(}(/.‘2!)_5

+ 0.00053208 (x/2Y O+ ¢

le| < 1.ox1077

1 - -
x2eX Kl(X) = 1.25331414 + 0,23498619 (x/2) 1—0.03655620 (x/2) 2

+ 0.01504268 (x/2)"° - 0.00780353 (x/2) "2
+ 0.00325614 (x/2)"° - 0.00068245 /2)78 4 ¢

le] < 2.2x1077
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- APPENDIX II

Derivation of Equations'2.71, 2,72

The Governing Differential Equations Are:

P L 2 .2

U . 9 ¢ 3u ow__
A7+ 2u) a 5 * (?» + 2p) 5T (‘-_ffr ) + 5 + M\ + W Seon = 0 (II.1)
r : dz
32 1.au
3+ W) (&L .t &Y = o (11.2)
]
Have the Following General Solution:
b=y | {A, n@ms K ® - T @
1
. D, K (p) } cos (kz)
In o" & 'k (11.3)

)<Z sin(kz) + gsk(k_z)\> }

(p)

(4 sin (kz) cos(kz)) }

. | T

1 f ; _ .y 1 81in(kz)

=) | { gl ® By K (8 + 0, L (P)-D, xk (p)}Einlz
=

(11.4)

+ { Eonlo(P) - anKo(p)} E:°§$<kz)

b

Equations (I1.3) and (I£.4) should satisfy the differential
equations (II.1) and (II.2). If equations (11.3) and (II.4) are
substituted into equations (II.1) and (II,2), some relationships
between the integration constants (Aln!:———, Fén) will be obtained.

In order to carry out this substitution in a systématic manner and to
avoid unnecessary complications, the following derivatives of equations

(I1.3) and (II.4) are given first. In each expression the coefficient

of each one of the integration constants will be considered separately.




1 -~

A coefficient in:
In

cos (kz)
Uu-=- I, (P) —
U, . =~ [ e - ] cos (kz)

e 2_ _L |
u,rf = [ kIl(P) + 79 Ii(P) - Io(p)] cos (kz)
U,z = I,(p) sin(kz)

U, = kI (pP) cos(kz)
ZZ I
1 ) .
u’rz = [ kIO(P) -z Ii(p) ] sin(kz)
A coefficient in:
2n :
sin(kz)
13] = Io(p) -
w,r = IE(P) sin(kz)
1 ' .
W, = I (P) cos(kz)
z o ;
o, == kI (P) sin(kz)

zZ o
W, = kI (P) cos (kz)

rz 1
B coefficient ih:

In
cos (kz)
U = —Ki(P) —
1
U = [ K0+ 2K 0] cosia)
) 2 1
U = 1K@ G+ )+ Lk ()] costiend
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u,- =‘KI(P) sin(kz)

z

u’zz =k Ki(p) cos(kz)

U, = - [k K )+ L K, ()] sinCka)

4 - B_ coefficient in: !

"2n

sin(kz)

1y = -KO(P) R

W, =K (p) sin(kz)
r 1: ,
w,rr = - [k.Ko(p) + 3 KI(P)] sin(kz)
W, = -K (P) cos(kz)
z o
W, =k K (P) sin(kz)
zz - o
b, =k K. (P) cos(xz)
rz 1
5 - C ‘ coefficient in:
1n
cos (kz)

u = —rIO(p) Er—

‘ _ : cos (kz)
u,. = [PIl(P) +I(M] Tx
u,rr = - [ﬁlo(p) + II(Q)] cos(kz)
u’z = rIo(p) sin(kz)

U, = pI (P) cos(kz)
z7z o ;
U, = [PL (P + I_(pP)] sin(kz)
6 - C coefficient in:
2n
sin(kz)

W = rIl‘P) —x
W, = rI (P) sin(kz)

Ty o
w’rr = [PIl(P) + Io(p)] sig(kz)

w,z = rll(P) cos (kz)
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w,zz = —:pll(p) sin(kz)
W, =PI (P) cos(kz)
rz o
7 - D coefficient in:
1n
' cos(kz)
u = - rKO(P) ——fE——
_ _ cos(kz)
u,r = [P Kl(P) .KO(P)]-——F;—-
lu,rr = [Kl<p) - pro(p)] cos (kz)
u, = rK (p) sin(kz)
Z o) :
U, = PK (P) cos(kz)
zz o ;
u,,rz = [Ko(p) - PKl:Fp)] sin(kz)
8 - D coefficient in:
2n
sin(kz)
W = —rKl(P) 5
W, =-1rK (P) sin(kz)
r o
w,rr = [Ko(p) - PKl(P)] sin(kz)
b, = - rK. (P) cos(kz)
zZ 1
W, = PK (P) sin(kz)
ZZ i
W, = pK (P) cos(kz)
rz o
9 - E coefficient in:
In
. I_(P)
=1 . cos(kz)
u = 7% [z sin(kz) + 5 1
1.
. . i k
U,r = (Io(p) - —ia— > [z sin(kz) + 22§é45)]
21 (P) I (P) '
1 . k
u,rr = (kIl(p) =% " or > [z sin(kz) + EEEé_E)]
u,z = Il(p) z .cos (kz)




10

11

12

u,zz = Il(p) [cos(kz) - kz sin(kz) ]
1 R
u,rz = [ho(P) ol Il(p)] z:cog(kz)
E coefficient in:
2n
X IO(P) S
|1y} = z.cos (kz)
o, = I (P) z:cos(kz)
r 1
[ Il(P)
W, = kI () - —— | z cos(kz)
rr L o r
IO(P)
w,z = —jE—a,{cos(kz) - kz sin(kz) ]

N -IO(P) 9
~w,zzﬁh§——E—.[2 k sin(kz) - k"z cos(kz) ]
w,rz = Il(p) [cos(kz) - kz sin(kz)]

F coefficient in:
1In
K (p)
_ 1 . cos (kz)
‘U = —fE— .[z sin(kz) + -—fE—— ]
K (p)
_ Tl . k
u, == (Ko(p) b= p> [z sin(kz) + 2250k2)
| - K ()

- 2 o _ . cos (kz)
'u’rr - [Kl(p) (k * rp> " ] [Z sin(kz) + k ]
u,z = Kl(P) z:.cos (ki)
u,zz = Kl(p) [cos(kz) - kz sin(kz) ]

LK (P
Ui, = [ - )] 2 cos e
F coefficient in:
2n
. KO(P)
W == z. cos (kz)
W, =K (P) z:cos(kz)

| Kl(P) ) A

W, .. = B kKO(P)] z cob(kz)
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K (p)
! _EE_ [kz sin(kz) - cos(kz) ]
K (P

2 [2 k sin(kz) + k2z cos(kz) ]
ZZ k

5
]

=3
1l

F
]

Kl(p) [cos(kzj - kzigiakz) ]

Substituting these derivatives into equation (II.1), the following
relations are obtained:

a) The coefficient of Il(p) cos(kz):

(A2n-A1n)(h+u)k—2(h+2u)cln+(h+3p)E1n+(k+u)E2n = o (I1.5)

b) The coefficient of rIo(p) cos(kz):

O+ ) ©,, - C,p) k=o ' (11.6)

¢) The coefficient of Il(p)z sin(kz):

O+ w (Eln -E, )k=o0 (11.7)

2n

d) The coefficient of Kl(p) cos(kz):

(BZn—Bln) (K+u)k+2(l+2u)Dln + (\+3w) L. (X+u)F2n= o (II.8)
e) The coefficient of rKo(p) cos(kz):
O+ W (D2n - Dln) k =o (11.9)
f) The coefficient of Kl(p) z sin(kz):
O+ W (Fln - F2n) k=o (11.10)

and substitution of same derivatives into equation (II.2) gives

the following relations:

g) The coefficient of Io(p) sin(kz):
A+u) (Aln—AZH)k+2(x+u)cln+ 2 czn—z(h+2u)E2n = o0 (11.11)
h) The coefficient of rIl(P) sin(kz):

O+ 2u) (cln - C, )k =o (I1.12)
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i) The coefficient of IO(P) z cos(kz):

O+ w (B - E2n) k =o0 (I1.13)
j) The coefficient of Ko(p) sin(kz):
(an'Bln) (X+u)k+2(x+u)Dln+zu D, +2(A+2u) F,, =© (I1.14)
k) The coefficient of rKl(P) sin(kz):

) (D2n - Dln) k = o (11.15)

4)° The coeffiéiéntﬁof?K;(Q}’z’coéfﬁz%
A+ W) (F2n - Fln) k =o ‘ (11.16)

From equations (II.6), (I1.7), (II.9), (I1.10), (11.12), (11.13),

(IT1.15) and (II.16) the following relations are obtained:

C = C = C

In 2n n
D1n = D2n = Dn
[N ) 00 [ ] (11.17)
Eln = E2n = En
Fln = F2n = Fn

and from equations (II.5) and (II.11):
A, - Aa,) (h+u)k?+“2(%+2u)ﬁ(chg“lEﬁ%‘= o (I1.18)
and from equations (II.,8) and (II.,14):

(Bln-BZn) O+) k - 2 (A+2u) (Dn+Fn) = 0 (I1.19)

are obtained,
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APPENDIX III

Derivation of Equations (2.95) to (2,99)

The expressions for radial displacements and their derivatives are:

.3 g2 1P f10<p)
U = uor + u1 3 +D = - f [Aln iy Cn * ] cos(kz)
or: . .
r3 cm o ran Il(P) rIS{‘ 58 )
U=uor+u1§+Dm+f[’37'Aln—k—'cn—k";“}ws(k”
and:
rz c2 w® a Il(P) IO(P)j
€6 " % * U1 3 +D§{—3+§[D§ "M T T % T [ costa
9 c2 o a_ _ Il(P) o C o
€rr T Yo T Y DG f [D 3 *An { B Io(p)} R
IO(P) + PIl(P) -
- Cn { n } J cos(kz)
du _ ; [Drb(l) +A. I (P) +cC rI.(P)] sin(kz)
?z 1 n In "1 n- o
© I ()
Rl LA W S ® | sin(ka)
r dz 1 n 1n n o ;

and the expressions for the axial displacements and their derivatives are:

3 eo_ I (P Il(P)

z o S
Wo=woz bW oo+ % [ A2n et Cnr ] sin(kz)
or
W=z [ w + W, — + A +Cr ’] sin(kz)
1. on 13 2n n
and
c2 > '
€y = Vo t W 3t % [wlan + A2nIo(p) + CanI(P)] cos (kz)
] )
8% —x 2w p™ A kI (P) - CP I (P) T sinCim)
3z 1 1n 2n o n 1
[o<]

§¥‘= f [Aénll(P) + cano(p)] sin(kz)
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a = nth term in the Fourier expansion of z2

o
]

nth term in the Fourier expansion of z

nth term in the Fourier expansion of z

Boundary conditions:

c )conc.= 3 t g )steel
rz oz
r=a :
or:
conc. 2 conc.
o, T ok, v
dz dr 2  r 3z :
oz
r=a : r=a
or:
G-y mabn®™ 4 A L@ + Cal (@] +pA. L@ +Cal (@)]
b a n in 71 " n o ~72n"1 n o
e 2w b A kI (@ -Cc oL (@]=o
1 ™n 2n o n 1
where:
& = Et
1—v2
o = ka
(o )conc - - (-E o )steel
rr’ a 66
or:
conc, e conc,
[+ 2w € t A € + A eZZ] === [eee + v ezz]
r=a r=a
Therefore the constant terms are:
2 c2 e e
O+ 2u) u + o+ 20 wa + (A + 20D s * O+ ;-) u o+ (A o+ Q) uy
e e e c?
+A+3)DE + A+ w 0+ Dyw £ =0
a 6 a o a 13

2
a

w]
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or:
€ Ev ; 3 ] (1-Y) 2
[2(>\+|.L)+;] u_ o+ [A+ —a—] W+ [{ -3 1-v)y (v+2p) - ———~(>\ )}
(7\+-)
(>\+2|.L) Srat Ev 9_"
{ > Y(>\.+ ) 3 _\
and the periodic terms are:
I (o)
;(7\.+|.L) %Dy (7\+2p.)< -1 (oz)> -()\+2p,) (I (@) + oI (oz))EE
o 1 k
a -I_ (o) I (Ol)
e el (2 a -(>L+—) c. + O+ EL) (Ya D

Y T @A A+ st e = o
a o) 2n a 1 n

or

I (o)

I_(®
- I (cv)>-(>\+ ) —— A +[()\+—-—-) I (oz)] A

|:Q+2M < olz

. €v [
+ [(7x-+,—-a-) aIl(ot) - (k+_2p,) (Io(oe) + o Il(oz)) - (O +;) Io(a/) ]Cn

‘ &n g, %n Ev
+ [ Ov+2w) 5+ (h+-£) 3+ (h+-a—) (-Yan) 1D =o
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APPENDIX IV

-1
Fourier Expansions of Zz™ and Z (m-1)

. . m .
1 - Fourier Expansion of Z, where m is even

]

) o]
m ‘o E nmz
zZ = -~ 4 a cos —
2 : n c
1

where;
c
1 J‘ m nfz
a = = Z cos — dz
n c c
-c
¢ m
s =L J‘ gy o 2
o ¢ T (m+l)
~c
c
1 ‘J‘ m nrz
a =~ Z cos — dz
n c c
-c

c c
1 c m . nmz cm m-1 . nmz
= — — z 51n—c— - — Z s1n—-(-:—-dz

c nm n1r
-c -c
m 'J'c m-1 ™
= - — z sin — dz
ot
-c
(r - - C -
=—m—4L[—C;fzmlcos-rm—z_| clm-1) zmzos-——dz}
o nrt c nfr
S=c -c
0" 2™ cm(m-l) nmz
= ) - cos —c- dz
(nm (nn)
= -1)" ome™ _ czm(m-l) ’I_(-l)n 2(m-2) 2
- 2 )
(am) @m? L (nm) 2
- C(m-Z) (m-3) J‘ nnz ]
0os — dz
c
(nTT)

2(-1)""™ m(m-1) (m-2) m(m-1) oo (m-4)
—‘—T [ m - + -— ooo]

(nm) (nm) 2 (nm 4




2 - Fourier Expansion of Z™"

m-1 Z . nmz
z = b sin —
‘ n c

(el Rl

¢ m-1 nnz
b = J z sin—c—dz

-C

1 { -¢ m-1 nmz

— z cos—_l
nTtr [¢]

1, where (m-1) is odd

-C _ c
. c¢(m-1) J‘

_2 -
cos _n'zz dz}

c
-c -c
-(-1) 2™ 1 c(m—l) 1 ¢ m-2 nmz
= o [zf 2 “cos = dz ]
~C
_ -¢1"2c™ 1 c(m—l) 1: (-1 2(m—2) M2
on (n‘rr)
- ¢(m-2) (m-3). nnz
LB f os P2 az |
(nﬂ')
n m-1 | |
_ 2(~ l) [ 1 (m—l)(m-z) _ (m=1) soo (m—4)+ e :\
nft

(nﬂ) (nm) 4
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APPENDIX V

Derivation of Equations (2,115) to (2.120):

The displacements and strains are:

[+ <]

< o cos (kz)
ur - z [Aln Il(P) + -Cn- T -I-O(p)] B

1

u =
e o]
‘ sin(kz)
Wo=w oz + z [AanO(P) + Cnr I1 (P)] ——k—
1 ;
= PENQ! NI \
“rr T % +Z[Aln (_—P_ B Io(p)> Tk <IIo(p) + P Il(p))] cos (kz)
" ‘
I.(p) IO(P)
= - z [A =1 + C —— ] cos (kz)
699 uo L1ln P n k
1
€, =V, + E I:A2n Io(p) +C rIl(p)] cos (kz)
1
[= <]
c .
e =2u +w +ZI:—A I (P)+A I (P)-2-B1 (P)]cos (kz)
o o In o 2n" o k o}
1
=] .
e, =} Z[ Ay O+ A, T () 2 Cr T (P)] sin (k)
1
Boundary conditions:
conc. _ d steel
(Grz T ¥z (tczz)
r=a
or:
o«

" z [Aln L @)+ Ayl Il(oz)+ 2¢C a Io(oz)] sin (kz)
1

. o)
=—K[mzm—l:\=—K2|:_Emb:\ sin (kz)
m m n

C 1 C -
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or:
I, (@) A, + I, (@) A_ + 2 I (@) C -—I:_t—mb']K
bl 1nt Bty ) A+ Zua T n~L mn
where:

m—-1
bn = nth term in the Fourier expansion of Z

conc, t steel
(crr) == ( a 099 )
r=a
or: . ’_
C20v+ ) u 4 Aw +‘—'[A {—-1()0\ 2u) + 2 L9
SR 0. Z; 1n o ¥ *oen) o+ oA o
o 1 v

‘ Io(a) Io(a) :
+ A, 03 Io(a)) -C. {21 Sttt 2 Il(a)}]

o -
g . a
- E[K {\)(1 S )}+Z£\la cos (kz) + Eu
a t . m m m o
: 2c 1 c

+E i {— AL ;ld(a)— ;ﬁ T (a)} cos (kz»)]
1

The constant terms are:

a
2L + W) u_ + AW = -t [E u o+ Ky (1 - 2 )]
o o a o) m
2c
or:
t t a
U [Z(K + W) + —E ] W+ =1 - 2)Kk=o
o) a o a m
2c
and the periodic terms are:
- L (o) I (o) I (o)
A - @ 0 sy e ] Aoy To@- ¢ [on 2=y g0
I () I (o) N
a2 o 1 o Ul L tv K
t2a Il(a)] T a [ An o o ';ém'an Koo

or.
I () I (@

1 tE 71° ~ A
Aln l:" IO(C() O+ 2u) + 2 —a,— - 'a— _Ol ] + A2n ()\ IO (Q’)>




: I (&) I ()
0 : tE o
+ an[— 2 (A +u) —x 2y a Il(cv) - o ]

k

= [ Y a_ + =k .
m n a
ac

conc, K 2 conc,
(ezz) =T (1-v7) v (eee)
r=a r=a
Z=0 Z=0
or:
[}
| K(l-vz)
W, t Z,[AZn 10(0!) + Cnfr Il (0!}] cos (kz) = —5 -
1
2 I, (@) I (@) |
-V z |:- Aln el Cn —% | cos (kz)
1
or:

vu_ o+ w; + K {Z‘[AZn "Io(oz)+-'~Cn <a I1 (o) - ;\%’—(—oﬁ)>
1 (

" An LI-;_@)]_ (1;1_\)2)} 0.

v u
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APPENDIX VI

Derivation of Equations (2,139) to (2.141) and (2.146)

The displacements and strains are exactly the same as those given before
in Appendix III,.

Boundary Conditions:

conc, steel
() =2 (t ¢ ) © gives:
rz° oz ZZ
r=a
(-]

WDaz+ p'E:[Aln.Il(a) +,A2n_11(a) +2C, r'Io(a)] sin (kz)

1
- -k ( tm Zm—l>
m
c
or:
-2¢1)" babD+A (I @) +A_ (WI@)+C (2al(a)
k 1n 1 2n 1 n o
=—“£EbK
m n
c
where:
bn = nth term in the Fourier expansion of zm_1
(¢ )°°"C._ _ ( i cee>stee1 gives:
rr a
r=a
2 2

4 2
200+ p) u_ o+ W+ Cah+20) a w o+ O+ ) % D + x»% W,

-] '

I (o).

f - 1 ;
+‘§:[Aln;{ 1@ O+ 20) + 20 —— 4 Ay, (I_(e))
1 .

Io(d) Io(a) .
- C {ZX et 2%+ 2ua Il(a)}

- n ; P 1 |
+ (D + wl)ﬁ{'gﬁl:lg——L } + D 2EL) ] cos (kz)
SRR k2 -




t a 2 2
= = = [Kv (1 - fge > + Eu + Eu, — + ED =

a m 1

2c
2 ak I, (@) I (@)
-— - — - E
+ Z{ m A1n o Cn k
1

The constant terms give:

uov[2(h + u)#gi']‘+ A+ D,[( %;K + 2u) {? % a-v) éz}

2

-and the:  periodic terms give:

Aln,:—(h+2p,)1(oz) D@ -Zr@]er @ a,

Bt IE(Q)]

[ { 4\ ( )" (- Y)} 4u( -1)" { 2Et (- 1) }]

. . ‘ . m
a = nth term in the Fourier expansion of =z

2 a
. 0
~+—(>\+|J.)-'YX———(l'Y)—+—(—)] [;v(bz—c—ﬁ)]:
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. APPENDIX VII

Derivation :of Equations (2,169) to (2.174) and (2.176)

Displacements and Strains:

u=uro+ ;1— z [Aln LM + B, K () +C rI (P
1
wo=w oz 4 }:[ I1,()- B, K (P) + Cn.rIl(P) - DI;rKl(Q_)] S'&k(k—?‘)
o~ oD (2 ) 0 - 59
L .
“e( Il‘i(p)+ SOV ES K}‘{’(p)._' cos (kz)
€gg = Ut E% - ii[Aln Il;p)+ B1n>K1:p)+ Cn‘%?;F?+'Dn ES;i) cos  (kz)
1 A

€ =w + z [Azn'ld(p)"an’Ko(p)"L cn rIl(p) - Dnr'Kl (p)v] cos (kz)
1

[==]
e = 2uO + wo‘+-§;[— Aln IO(P) +»B1n'Ko(p) +,A2n Io(p) - B2n Ko(p)
1
IO(P) KO(P)
- ZCn —_ - 2Dn 5 cos (kz)
€. =3 Z'[(Alnur A2n)Il(P) + (B1n + B2n) Kl(p) + 2 Cnr IO(P) |

1
+2D 1 kdipij sin (kz)

Boundary conditions:

conc, .
( = o0 gives:
rz’ r=a

. ‘ K -
Aln Il(a) + A2n Il(a) + Bln Kl(a) + B2n Kl(a) + ZCn an(a/)+>2Dn a O(a’)
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(o )conc. - §_ (to )steel cives:
Tz reb 0z ZZ

L Z[ (A, + 4,0 1B + (B + B )K (B +2C bI (B
1

tm zm—1

+ 2D b K (B) ] sin (kz) = - K
n o M

or:

Al b Il(B) + A, ull(B) + B b Kl(B) + B, W Kl(B)

-t . :
+ Cn (ZubIO(B)) + Dn(2ubKo(B)) = [~-;% bn ] K

conc,

(crr) = o gives:
r=a
I (0
2
2(\ + W) uo—;%u + A +Z[A { A I (@) + 2 . 10<a)}
: 1
‘ K, (@)
{xx<oz)+zp,x<a)+zu + Ay A I @ - B, A K (@)
I (a) I (o)
+ C { - 2\ - 2u —2—— - 2pa I (a) }
K (a) KO(W) B
+ D { -2\ —=— - 2, + 24 a Kl(d)} cos (kz) =
The constant terms give:
!
2(>\+u)uo-2u;—2-+>\wo=o
and the periodic terms give:
. I(cv) K(a/)
Aln{-(K+2p,)I(oz)+2p,_—_}+Bl {O\+2p,)K(O/)+2p,——}

I (o)

+ A, RI@ By A K (@ +C { S0 W) 2 - mal @ }

2n ) 2n
K (o)

+ D { - 20\ + ) + 24 a Kl(a)} =




conc, t steel 8 . .
(Grr) = - ( 5 099> gives:
r=b
u, 2 I, ()
: 1
2(A+4) u - 2p’;§ + kwo +-§:[Aln { - (\+2u) 1 (B) + 24 —-§— }
1
» X ® -
+ By ) KB 4 2 } By NIB) - By K (B)
I (B)
+c { - 200 - 2 b I (B
K (B) 5
+D { 2(k+u) +2u b Kl(B)} ] cos (kz)
= b [ {(m+l)} jz { } cos (kz)
u 2 I (B) K, (B)
1 1 1
*E Yo ¥ E 2 E~z:{ Aln B + B1n B
I (B) K (B
+C ok +D_ —QE— cos (kz) ]-

-The constant terms give:

u [ 2(h+u) + %E ] + [_§% + ig. ‘+ hwo + K [-%%i%f) o
and the periodic terms give:
EEE ROEE fléﬁ)— 2 1_(8) - 2 fléﬁ)] gy B T,
B, |:(7\+2u) K (B) + (2p, - -@ ) K_(_B_) |+ B, { A K (B)}
¢, | {20 - & I°;B)
£ D [{- 2(4a) - -E—E} K°(B)+ 2ubK (B)] ‘K [ Do ]': 0
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(ezz) = (ezz gives
r=b Z=0
zZ=0
[}
WO +Z I:A2 IO(B) - B2n Ko(B) + Cn b Il(B) - Dn b Kl(B).]
1
K 2 ! ‘ L ®
= g (1 \))-\)uo-\)b—z—\).Z[—Aln-——B
1
. El_(_B_)_ EP_(_B_)_ 5 K (B
1n B n k n
or:
= -vI (B) -v K. (B)
- - ! 1
vt b2u1+wo+2[1n{ B }+B1n{ ) }
1

. {10(55},+ B, {- KO(B)} +C_ {pll(B) - 2_i2£5)}
+_ {-vx (B - yKE(E?} ] -5 v =0
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APPENDIX VIII
Instrumentations of the Steel Tube

To be able to record history of strain (mechanical prestressing of
tube and then chemical! - prestressing of the compbsite element),
electrical wire gages were placed on the inside surface of the tube by
the use of the éxpander. (Fig. (A.1) shows a diagramatic sketch of the
expander. The expander is composed of three heads [1]* on one circle
each is 120O apart. from the other. These heads [1] can slide on a cone
[2], and their motion is restricted such that when the cone [ 2 ] moves
in the axial direction the 3 heads [ 1] can move only in a perpendicular
direction with 3 equal radial distances. The heads [1] are also connected
to the housing cylinder [3] by spring steel strips [4] to keep them [1]
always in contact with the cone [2] . The motion of the cone [2] is
controlled at the other end by screwing the connecting rod [5] against
the housing cylinder [3] . The heads [1] are covered with silicon rubber
which in turn is covered with teflon tape. For ‘accurate placing of the
gages on the inside surface of the steel tube, the housing cylinder [ 3]
is graduated with marks 1 in. interval. The whole expander is positioned
inside the steel tube by means of an aluminum ring [6] which is clamped at
the end of the tube by three beam bolts [7].

The technique for placing the gages is as follows:

1. The lead wires are first connected to the gages.

2. Double stick scotch tape was used to fix the top face of

each gage to one head [1] . The gage was carefully centered

*) Numbers in brackets refer to elements with corresponding numbers in
Fig. A.1l.
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with a cross mark existing in the head. Three rectangular
rossette gages were placed simultaneously each time by the
use of the three heads.

3. Small amount of epoxy is spread on the surface of the gages,
and the whole thing is introduced carefully inside the tube.

4, The holder [6] is then fixed at the end of the tube.

5. By pushing the housing cylinder of the expander the gages
are introduced farther inside the tube until they reach
the exact position. This position is determined from the
marks on the housing cylinder.

6. The heads are then pushed against the inside surface of the
wall of the tube by rotating connecting rod inside the
housing cylinder.

7. The gages are left for 6-12 hrs.to allow for epoxy to
harden then the heads are pulled back and the expander
is finally removed from the tube.

The photo in Fig. (A.2) shows the expander and the holder.




278

APPENDIX IX

Technique Used in Prestressing the Steel Tube

*
As shown in Fig. (A.3) the tube [1] was placed on a lathe machine,

which rotated the tube with a constant angular velocity. The rotation
of the tube permitted to wrap the wire [2] around it. The wire was pre-
tensioned by the device shown in Fig. (A.3). The device was connected

to the lathe machine moving part [3] . A die [4] is used to control the

amount of prestress in the wire [5] , and a spring balance [6] is used

to measure the force in the wire [5] directly. Fig. (A.4) shows a
detailed sketch of the die [4] , used in stretching (tensioning) the
prestressing wire. Wrenches [7] were used for adjusting the amount of
tension in the wire by chaning the pressure applied by the die on the
wire,

During prestressing the lathe machine rotated at its lowest speed
(6 rpm), in order to be able to control the pressure applied by the
die on the wire, and maintain a cﬁnstant force in the wire. Before
starting the prestressing, the wire is clamped to one end of the tube
by a pair of screws and washers [8] . Then as soon as enough length

of the pretentioned wire is wrapped, the clamp [9] ~- whose detail is

shown in Fig. (A.5), #- is applied. This clamp acted as a permanent
anchorage for the wire. When the whole length of the tube is wrapped
with the prestressed wire another clamp is applied at the other end.

The photos of Figs. (A.6) and (A.7) illustrate the prestressing technique.

*) Numbers in brackets refer to elements with corresponding numbers in
Fig. A.3.
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APPENDIX X

$IBFTC AXS DECK

C

c LR e R R LT T X A p v
C GENERAL SOLUTION OF STRESSES AND STRAINS IN THE

C EXPANSIVE CEMENT CONCRETF-FILLED STEEL TUSE DUE TO

C EXPANSTON AND/OR CONCENTRIC AXIAL LOAD.

c LR RS R S R L R R S L L R B R R R AR
C SAAD ELDIN M. MOUSTAFA, OCTOBER 1966

C ' :

READ 1Nn4E 4P

READ 104B,C

READ 20sAsEC4PC

READ 20sDELAZDELELDELP
READ 20sAF 3ECF ¢PCF
READ 1n4ES4PS

(@)

D = 24%C
T C - B
IF (P+P) 15415416
15 PRINT 2
16 IF (E4E) 17517418
17 PRINT 1
18 PRINT 34D
PRINT 447
PRINT 5,ES
PRINT 6,Ps
PRINT 7
AO A - DFLA
ECO FC - DELE
PCO PC - DELP
A AOQ
100 A = A + DELA
PRINT 30,A
PRINT 7
FC = FCO
110 EC = FC + DELE
PRINT 8 o
PRINT 40,EC
PRINT 8
PC = PCO
120 PC = PC + DFLP
PRINT 50,PC

1]

1

CALL STRS(PCsPSsECsESsAsBRsCsPoF)
PRINT 7

IF (PC + 0001 = PCF) 1205210210
210 IF (EC + 1le = ECF) 110,220+220
220 1F (A + 0001 = AF) 10042305230
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230 STOP
C

1 FORMAT (1H1s////530Xs27HSTRESSES AND STRAINS DUE TO,
"1 13H UNIT LOADING,//)

2 FORMAT (1H14////530Xs27THSTRESSES AND STRAINS DUE TO,
i 15H UNIT EXPANSIONs//) '
3 FORMAT (10Xs35HEXTERNAL DIAMETER OF STEEL TUBE = ’
1 F1l2.442Xs6HINCHES)

4 FORMAT (10Xs35HTHICKNESS OF STEEL TUBE =
1 F12e452X¢6HINCHES)

5 FORMAT (10Xs35HMODULUS OF ELASTICITY OF STEEL =
1 F12e442X36HKeSels)

6 FORMAT (10Xs35HPOISSON'S RATIO FOR STEEL sFl2.4)
7 FORMAT C1DX 9 BOHME K HH 32K HK KR HHHR KR HHHER KRR

1 TOH K 333525 5363 % % % 3 )
B FORMAT (10X 9 3OH T MK K333 3305 KKK R R R RHHRHRHKH
1 43H******************%*************x*%********
BH* %% H %R H% )

10 FORMAT (2F1l0.4)
20 FORMAT (3F10.4)

30 FORMAT (////+10Xs35HINSIDE RADIUS OF CONCRETE =
1 F12e4492Xs6HINCHES)

40 FORMAT (//510Xs35HMODULUS OF ELASTICITY OF CONCRETE= ’
1 F1l2e452X36HKeS61s)

50 FORMAT (/510Xs35HPOISSONt'S RATIO FOR CONCRETE = e
1 Fl2e4)

~ 61 FORMAT(/10Xs21HINTEGRATION CONSTANTS)
62 FORMAT (/+5X92HCLls18X32HC2518Xs2HC3418X92HCh 18X,3HEP7)
63 FORMAT (10X s5(E154545X)) :
70 FORMAT(/IOX;Z?HAXIAL STRESS IN CONCRETE = 4E156542X,
1 6HKeSeles/s10Xs27THAXIAL STRESS IN STEFL =
2 E156542Xs6HKaSel6)
END '

SIBFTC STRS, DECK
SUBROUTINE STRS(PCsPSeECsESeAsBsCoP,F)

C
AS "= 34141593%((C*¥C) - (B%*B})
AC = 3,141593%((B%¥B) - (A%A))
ECS = EC/ES :
PCS =PC/PsS
PC2 = 1o — (2e%PC)
PC1 = 1 =-PC
APC = 1. + PC
APC2= APC*PC?2
APCS= 1, - PCS
P51 = 1, - PS
PS2 = 1. = (2.%#PS)
APS = 1., +PS
APS2= APS®*PS?2
AB2 = A%A%B*%R
AC2 = (A®A) / (Cx*C)
X1 = (A*¥A)Y + (B¥B#PC2)
X2 = (C*C) + (B*B*PCS*PS2)




763

764
760

766
767
761
768

769
762
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ALF4= AB2*APCS/X1

BET4= AC2#X2/X1

GAM&4=. ~ (AB2#APC/X1)

ALF3= 1, — (ALF4/(B*B))

BET3= (1. ~ BET4)/(B%*B)

GAM3= —(GAM4/ (B%B))

F = ECS*APS2/APC?2

F1 = (AC*F)/AS

AO1 = (ALF4*PC2)/(B*B)

AO2 = PCS -~ ALF3

Al = (AO1 + AQ2)*F

BO1 = (PS2/(C*C)) = (PS2/(B%B))

BO2 = BET3 - (BET4*PC2/(B%¥B)) + (PCS%#PS2/(C*C))
Bl = BO1 - (F*B0O2)

DO1 = GAM3 - (GAM4*PC2/(B*¥B)) — APC
D1 = E#F*DO1

AO3 = (2.%#PS) - (PS1/P5)

AO4 = (2.#PC*ALF3) - (PC1/PS)

A2 = AD3 + (F1%#A04)

BO3 = (PS1%¥PS2)/(PS*C#(C)

BO4 = (2.%PC*BET3) + ((PC1l*PS2)/(PS*C*C))
B2 = BO3 + (F1%B04&4)

DO2 = (P*APS2)/(AS*ES)

DO3 = 1o + PC = (2.%PC*GAM3)

D2 = D02 + (E*F1%D0O3)

‘CO01 = (D1%¥B2y = (B1%*D2)

C02 = (A1%B2) - (B1#A2)

Cl1 = CO1/C02

CO3 = (A1%¥D2) - (D1%#A2)

C2 = C03/C02

C3 = (ALF3#C1l) + (BET3%¥C2) + (GAM3*%E)
C4 = (ALF4%Cl)y + (BET4%C2) + (GAM4XE)
EPZ = =(C1/PS) + ((C2%#PS2)/(PS*C*(C))
IF (A+A) 763,763+764

UA = Oo

GO TO 760

UA = (C3%A) + (C4/A)

UB = (C1#B) + (C2/B)

UC = (C1#C) + (C2/C)

IF (A+A) 76657669767

EPRA = C3

GO TO 761

EPRA = C3 — (C&4/(A%A))

EPRB = C1 - (C2/7(B*B))

EPRC = C1 = (C2/(Cx*CH)

TF (A+A) 768,768,769

EPTA = C1

GO TO 762

EPTA = C3 + (C4/(A*A))

EPTB = C1 + (C2/(B*B))

EPTC = C1 + (C2/7(CxC))

CEC = EC/APC2
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SES = ES/APS2

SEGZ2C = SEGZ(CECsPCsC34,EP24E)
SEGZS = SEGZ(SESsPSsCl1sEPZ40s)
SEGRCA= 0,
SEGRSC = 0.
SEGRCB = SEGR(CEC,C34C4,PCL,EP2,E,B)
SEGRSB = SEGR(SESsCl4C2sPSsEPZ 4506 5B)
SEGTCA = SEGT(CECC3sC44,PCyEPZ4ELA)
SEGTCB = SEGT(CECsC33C4,PCoEPZSE4B)
SEGTSB = SEGT(SESsC13C24PSsEPZ400B)
SEGTSC = SEGT(SESsC1sC24PSsEPZ5044C)
EPTZ = EPTC/EPZ
SEGTZ = SEGTSC/SEG?ZS

C
PRINT 61
PRINT 62

PRINT 634C14C29C34C44EP?

PRINT 70+SEGZCsSEG2ZS

PRINT 80

PRINT 81sEPRASEPRBL,EPRC

PRINT 824,EPTASEPTB,EPTC

PRINT 71,UA,UB,UC

PRINT 83,SEGRCA,SEGRCB

PRINT 859SEGRSBsSEGRSC

PRINT 84,SEGTCAsSEGTCR

PRINT 86+sSEGTSBsSEGTSC

PRINT 21,EPTZ25SEGT?
21 FORMAT (10XsBHEPTZ = 4E1565410X+8HSEGTZ = sE15,5)
61 FORMAT(/10X¢21HINTEGRATION CONSTANTS)
62 FORMAT(/;18X’2HC1,18X92HC2,18X92HC3;18X92HC4,18Xo3HEPZ,/)
63 FORMAT (10Xs5(E15e545X))
70 FORMAT (10Xs27HAXIAL STRESS IN CONCRETE = sE15e5452X,

16HKoSele s/ 10X

242THAXIAL STRESS IN STEFL = 3E156542X96HK S 1 4/)
71 FORMAT (10Xs14HRADIAL DISPe 3Xs3(5X3EFE1565))
80 FORMAT(/10X9s6HRADIUSs22Xs1HA 20X s1HB320X s 1HC)
81 FORMAT (10Xs14HRADTAL STRAINS$3Xs3(5XsE15.5))
82 FORMAT (10Xs14HTANGs STRAINS $3Xs3(5XsE15459)
83 FORMAT (10Xs1BHCONCs RADe STRESS 24X e2(E154545X))
84 FORMAT (10Xs18HCONCe TANGe STRESS,4X32(E15545X))
85 FORMAT (10Xs18HSTEEL RADe STRESS 324X 42(E15.545X))
86 FORMAT (10Xs18HSTEEL TANG. STRESS 424X 42(E156545%))

RETURN

END

$IBFTC SEGZ,. DECK
FUNCTION SEGZ2(AsBsCeD,E)

SEGZ = A®((2.%B*C) + (D*(1e-B)) — (E¥(1e+B)))
RETURN N
END

$IBFTC SEGR. DECK
FUNCTION SEGR(AsBsCyeDsEsFsG)
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SEGR = A%(B = ((C/(G*G))¥*(1e=26%D)) + (D*E) — (F%(1.4D)))

RETURN
END

$SIBFTC SEGT, DECK
FUNCTION SEGT(AsBsCsDpEsFsG)
SEGT = A¥( B + ((C/(G*G))¥(1e=2.%D)) + (D*E) = (F*(1e+D)))
RETURN
END




Input Data

Card

1

11-20

21-30

11-20

21-30

11-20

21-30

Format

F10.4

F10.4

¥10.4

F10.4

¥10.4

F10.4

F10.4

F10.4

F10.4

F10.4

F10.4

F10.4

F10.4

F10.4

F10.4
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Free expansion e
Total applied axial load P kips.

Inside radius of steel tube b

Outside radius of steel tube c

Initial inside radius of concrete

a
o]

Initial modulus of elasticity
of concrete Egonc

.

Initial Poisson's ratio of

concrete vgonc

Change in the inside radius of
concrete Aa

Change in modulggngf elasticity
of concrete A E

Change in Poisson's rétio of

concrete A CORC

Final value of inside radius

of concrete af

Final value of modulus of
elasticity of concrete E%onc

Final value of Poisson's ratio

conc
of concrete Vi

Modulus of elasticity of steel ES

Poisson's ratio of steel vy
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APPENDIX XI

PROGRAM TEST(INPUT,QUTPUT)

****************************%**************************

PROBLEM NUMBER 3 :
R R R L L L S R SRR R 2R TR 2R TR R R R S ey

SAAD ELDIN Me MOUSTAFA, AUGUST 1967

aNalaNalaNe!

DIMENSTON A(1005100)5A1D(200)3sA1K(200)5A2D(200),
1CD(200) sCK(200)520(100) sROI1IN0)sAIN(200)sAZN(200) s
2AK2(200) sCN(200)

READ 14,AA

READ 1,Q6

READ 1+Q1

READ 1,C

READ 1T

READ 1,ES

READ 14PS

READ 1.W

READ 254M

READ 254NN

, READ 6sNZ¢NR

¥ READ 1s(Z0O{I)sI=1sN2Z)
READ 1s(RO(J)sJ=15NR)

PRINT 11

PRINT 213AAsQ68Q1sCsTsESsPSeW
PRINT 28 M

PRINT 283NN

PRINT 224(Z0(1)sI=14N7)

PRINT 225 (RO(J)sJ=1sNR)

PRINT 2

PRINT 3

=M

GM = (Q6 + Q1)/(Q6 + 2.%*Q1)
l1e = GM

361415926536

Oe

Oe

Oe

Oe

™~
m
—
N
(L O T |

DO 100 N=1,NN

AK = AN¥*PI/C
AK*®AA
AT10(Q5)
AT1(Q5)/FO

-
O
oo
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EX = EXP(Q5)
PG = (=1,)%#N
C
A(lsl) = 1.
A‘].QZ) = =1e
Alls3) = 26/ (AK®GM)
Al2s1) = QLI*F1%*FO
Al2:2) = A(241)
Al24s3) = 2.,%QL1*AA%*FO
A{391) = —(Q6+2.%Q1) + F1*(2,%Q1-FS*T/AA)/Q5
Al391) = A(3,1)%FO
Al3,2) = Q6%*FO
Al393) = =2.%(QL1+Q6+ESHT/(AA%24))/AK — 2. %#Q1%¥AA¥F1]
A(343) = A({3,3)%F0
c :
CALL INVER(A,3)
C
Y1 = PO#2,%#Q1%¥AA/(AK%*EX)
Y2 = —PO®AM*T#BBN(CsMyN)/((CH¥MY*EX)
Y3 = —POX(4,%Q6*¥GMM1+Q1%4+ESHT*2,/AA)
Y3 = Y3/(AK¥AK¥®EX)
Y4 = THPS*¥POXAAN(CoMgN) / (AA* (CH%M) )
Y& = Y4/EX :
C
AID(NY = A(1l92)%Y1l + A(153)%Y3
ALTKINY = A(152)%Y2 + A(1,3)%Y4
AZDIN) = A(242)%Y1 + A(243)%Y3
. AZK(IN) = A(292)%Y2 + A(243)%Y4
CDUINY = A(352)%Y1 + A(343)%Y3
CKINY = A(342)1%Y2 4+ A(3,3)%Y4
C ‘
ZTN7 = A2D(N) + CD(N)*AA%F1 — PS*AID(N)%F1/Q5
1 - PS*CD(N)/AK
ZTN7 = ZTN7*FO*EX
ZET7 = ZET7 + ZTN7
ZTN8 = A2K(N) + CK(N)*AA%F1 - PS#A1K(N)%F1/Q5
1 : - PS%CK(N)/AK
ZTNB = ZTNB#FO*EX
ZET8 = ZET8 + ZTNS8
C
ZTN1 = —-PO*{AID(N)*F1 + CD(N)*AA)/AK
ZTN1 = ZTN1*FO*EX
ZET1 = 72ET1 + ZTN1
ZTN2 = —PO*(ALIK(N)*F1 + CK(N)*AA)/AK
ZTN2 = ZTNZ2*FO*EX
ZET2 = ZET2 + 2TN2
100 CONTINUE
C
, Allsl) = 2o%(Q6+Q1) + ES*T/AA
o Alls2) = Q6
Alls3) = ~(4:%¥Q6+6.¥QL)*¥GMMLI*¥AARXAA/B o+ CHCH(QE6+QL) /3,
1 —~GM*QE*¥C*C /3, ~ 3 #GMMI*ES*T/ (8, %AA)
; 2 + ESHTHCH*C/ (6o%AA)
» Allsl4) = THPS*¥AM/ (AA*(AM+1,4))
' A(241) = PS




~

DN

[ale!

200

A(Z’Z) = 1o

A(2,3) = ‘pS*AA*AA*GMM]./Bo + ZET7
Al2s4) = —(1.-PS*PS)/FES + 7ETS8
A(351) = Ne

A(392) = 1l

A(343) = —GM%C*C/3,

Al394) = 0,

Al4,1) = AA

Al442) = 0,

A(493) = —AA¥AA%XGMM1/8, + AARC*C/2s + ZETI1
Alb4ety = ZET2

CALL INVER(As4)

W = W/C

UO = A(1.3)%W

WO = A(2,3)%W

D = A(343)%y

DK = Al4,3)%W

Ul = =3, %¥GMM1#D/8,
wl = —~GM*D

AZ20 = C*#C/3,

VV3 = DK*AM/(AM+1,)
VV4 = PS#yy3

0N
AIN(N) = AID(N)*D + ALK (N)*DK

A2N(N) AZD(N)I®D + A2K(N)*DK
CN(N) CD(NY*D + CK(N)*DK
CONTINUE

DO 500 I=1,Nz
z = 720(1)
7 DENOTES z/C

DO - 400 J=1,NR

R = RO(J)
R DENOTES R/A
R = R¥AA
v1 = Noe

V3 = Noe

V4 = n,

V5 = Noe

V6 = 0N

V7 = 0.
V6l = Ne
V71 = Ne
VV1 = 0.
vvz = n,

DO 300 N=1,NN
AN = N
AK = AN#¥PI/C

287




B

a

60

61

62

300

P9 = (=1o)#¥*N

AKZ = ANX*PI*2

ROW = AK*R

FOR = AIOC(ROW)

FIR = AI1(ROW)

EXX = EXP(ROW)

CX = EXX*COS(AKZ)

SX = EXX¥SIN(AKZ)

AAN = AAN(CoMyN)

AZ1IN = —PO¥2 ,*¥SIN(AKZ)/AK

AZ2N = PO¥4,*¥COS(AKZ)/(AK*AK)
AZ3N = —PO¥2 *SIN(AKZ)*(C*¥C— (67 (AK¥AK)) ) /AK
UNAL = AIN(N)*FIR/AK

UNC = CN{N)*¥R*#FOR/AK

WNAZ2 = AZ2N(N)Y*FOR/AK

WNC = CN(N)*R#FIR/AK

UN = (-UNA1-~-UNC)*Cx

UN1 = UN + D®*R*AZ2N/2,

WN = (WNAZ2+WNC)*%¥SX

WN1 = WN + WO¥AZIN + W1%AZ3N/3,

IF (R + R) 60560s61

VIN = (-FOR¥AIN(N)/2, = FOR*¥CN(N)/AK)*CX
VIN = VIN + D%¥AZ2N/2.

GO TO 62

‘VIN = (((FIR/ROW)Y=FOR)*AIN(N)

VIN = VIN + D¥AZ2N/2, — (FOR+ROW*FIR)*CN(N) /AK)*CX
V3N = (FIR¥AIN(N) + R¥FOR¥CN(N}))*SX

V3N = V3N + D¥R#¥AZ1N

V&N = (FOR*AZN(N) + R*¥FIR#CN(N))*CX

V4N = V4N + WI1%AZ2N

V5N = (FIR¥A2N(N) + R*FOR*CN(N))*sX

VVIN = DKXAAN®COS(AKZ)/ (C*%#M)

VVIN = VVIN%*PQ

VV2N = VVINXPS

vl = V1 + VIN

V3 = V3 + V3N

V4 = Vb4 + V4N

V5 = V5 + V5N

V6 = V6 + UN

V7 = V7 + WN

V61l = V61 + UNI

V71 = V71 + WN1

VV1 = VV1 + VVIN

VvZ2 = vV2 + VV2N

CONTINUE

VB = UO%R + ULl#R¥R¥R/3, + D#R¥7%72%C*C /2,
V81 = UO*¥R + ULI*R#*¥R¥R/3, + D*¥R¥AZ220/2,

VO = WO¥ZH#C + WIk7*Z2¥7%C*¥C*¥C/3,

V1o = UO + UL*R%¥R + D%*A220/2,

V12 = WO + W1*A720
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C
UD = v& + v8§
Ubl = v61l + V81
WD = .Vv7 + v9
WDl = V71
=7 EPRR= V1 + V10.
o IF (R + R) 50450551
: ‘ 50 EPTT= EPRR
GO TO 52
51 EPTT= UD1/R
52 EP77= V4 4+ V12
EPRZ= (V3 + V5)/2.
EEE = EPRR+EPTT+EP77?
C
S5 = Q6%EEE
STRR= 5SS + 2.*%¥Ql1*EPRR’
STTT= 5SS + 2.%Q1*EPTT
STZ7= SS + 2.*#Q1%EP27
STR7= 2 *Q1*¥EPRZ
c _
V15 = 0.5%(EPRR + EP77)
V16 = (EPRR - FPz7)
V17 = V1exVi1eé
V18 = 0e5%¥SQRT(V1T7+4,%*EPRZ*EPRZ)
V19 = 2.,%FEPRZ/V16
V19A = ATAN(V19)
: PEPR = V15 + V18
. PEP7 = V15 - V18
SLOP = V19A%#180e/3.1415926536
V20 = 05%(STRR + S$T72)
V21 = (STRR = ST722)
V22 = v21%y21
V23 = 0eS5*SQRT(V22+44,%STRZ*STR7)
PSTR = v20 + v23
PSTZ = V20 = V23
C
R = R/AA
IF {R = 0e6999) 85849 _
8 PRINT 447ZsRsUDsWDsSTRRsSTTTsSTZ22ZsSTRZ4PSTZ3SLOP
GO TO 400
9 SEG7 =-~VV1 + vv3
SEGT ==VV2 + VV4 + ESXEPTT
PRINT 557Z5sRsUDsWDsSTRRsSTTTs5T22sSTRZ 4PSTZsSLOP,SEG? 3SEGT
PRINT 29,UD1+WD1
C
400 CONTINUE
C
- 500 CONTINUE
C
i 1 FORMAT (Fl3.4)
[ 2 FORMAT (1H1s///7/77777/+50Xs THRESULTS s/ s 51X ¢ TH¥* #%%%%%)
3 FORMAT (//,1x,3HZ/C,3x,3HR/A,4x,7HU—DrsP.,5x,7Hw—DIsP.,5x,
1 BHR=STRESS s4X s BHT~STRESS 34X s8HZ=~STRESS 44X,
2 9HRZ-STRESSs3X s
3 I1HMINs STRESSs1Xs5HSLOPE, 7Xs 11IHSTEEL-7-STRs1Xs
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4 11HSTEEL-T~STR)

s 4 FORMAT (1X92(F54351X)91Xs8(E1letislX))

: 5> FORMAT (1X92(F5e351X)s1Xs10(E1lebslX))
6 FORMAT (214)

11 FORMAT (1HLs/////7777550Xs10HINPUT DATAs /551X,

1 1 OH* 33 3 36 % % % % % )

21 FORMAT (/10Xs8(F1l0e253X))

22 FORMAT (10XsF1l0.4)

25 FORMAT (14)

28 FORMAT (10Xs14)

29 FORMAT (/20X42E1447)

STOP
END

SUBROUTINE INVER(A,NMAX)

*******************************************************

SUBROUTINE TO INVERT A MATRIX
i e L X B R R TR R G vV VNV

[aXaNakaNa!

DIMENSION A(1005100)

&)

DO 200 N=1,NMAX
D = A(NsN)

DO 100 J=1,NMAX
100 A(NgJy = =A(NyJ)/D

DO 150 I=1,NMAX
IF (N-I) 11041505110
110 DO 140 J=1,NMAX
IF (N=J) 120,140+120
120 AlTed)y = A(TsJd) + A(T4N)I®A(N,J)
140 CONTINUE
150 A(TeNYy = A(I4N)/D
ACNsN) = 1,0/D
200 CONTINUE

RETURN
END

FUNCTION AIO(X)

T = X/3.75
IF (T-1e) 10410520
10 AO = 100

Al = 3,5156229%(T#%2)

A2 = 3,0899424% (T*%4)

A3 = 1.206T7492%(T*%4)

Ab = Na2659732%(T#%8)

A5 = 0e0360768%(T*%10)
£ A6 = N.0045813%(T*%12)

ATIO=(AO+AL1+A2+A3+A4+AB5+A6 ) /EXP(X)




20

30

10

20

30

GO TO 30

BO = n.39894228

Bl = 0.01328592/(T)

B2 = Ne00225319/(T*%2)
B3 = Ne00157565/(T*%3)
B4 = Ne00916281/(T*%4)
B5 = Ne02057706/(T*%#5)
B6 = Ne02635537/(T*%6)
B7 = 0.01647633/(T#%7)
B8 = Na0N392377/(TH**8)

AIO= (BO+B1+B2-B3+B4~B5+B6~B7+B8)/SQRT(X)
RETURN
END

FUNCTION AT1(X)

T = X/3.75

IF (T=1e) 10510420

AO = 0.5

Al = 0.87890594%(T*%2)
A2 = 0e51498869%(T*%4)
A3 = Nel5084934%(TH#x6)
A4 = N.02658733%(T*%8)
A5 = N,00301532#(T*%10)
A6 = 0.00032411%(T*%12)
ATl= (AO+AL+A2+AB+A4+ABHAL) ¥ (X/EXP (X))
GO T0O 30

RO = 0N.39894228

Bl = N.03988024/(7)

B2 = n.00362018/(T*x2)
B3 = N.00163801/(T%%3)
B4 = 001031555/ (T#%4)
B5 = 0e0D2282967/(T#%5)
B6 = Ne02895312/(T#%6)
B7 = NaD1787654/(TH#%7)
B8 = 000420059/ (T*%8)
All= (BO-B1-B2+B3-B4+B5-B6+B7-B8)/SQRT(X)
RETURN

END

FUNCTION AAN(CsMsN)

PI = 3,1415926536
AM =M

AN = N

NN = (M/2) =1

MM =M - 1

AAN = Q.

DO 100 K=14NN

ANN = 10

KK 2#K

1 M - KK
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200

100

200

100
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DO 200 J=KKsMM

A =

ANN = ANN*®AJ

ANN = ANN/((AN*PT)%%1])
K1 = (M/2) + K

P9 = (~-1l.)#%#K1

ANN = ANN*P9

AAN = AAN + ANN

AQ = 2%AM* (CH%M) / ( (AN%PT ) *%2)
AAN = AO*(1e. + AAN)
RETURN

END

FUNCTION BBN(CsMsN)

AN = N

MM =M ~ 1

NN = (M/2) -1

PI = 3,1415926536
BBN = 0,

‘DO 100 K=14NN

BN = 1.

KK = 2%K

1 = M - KK

DO 20n J=KK MM

A = J

BN = BN*AJ

BN = BN/((AN¥PI)*%1)
Kl = NN + K

P9 = (=1,)%%K1

BN = BN#P9

BBN = BBN + BN

BO = 2.#{C*¥*MM)/(AN%*PT)
BBN = BO#(BBN = 1,)
RETURN

END




Input Data

Card

10

11

11

1-4

1-13

.Format

F13.4

F13.4

Fl13.4

F13.4

F13.4

F13.4

F13.4

F13.4

14

14

14

I4

F13.4

F13.4

Subject

293

Inside radius of steel tube a

Lame's constant for concrete )\

Lame's constant for concrete |

One half the height of the

composite element c

Thickness of the steel tube t

Modulus of elasticity

of steel E

Poisson's ratio of steel v

End displacement ®

Exponent in the shear
tribution law m

Number of terms to be
sidered in the series

Number of stations on
NZ

Number of stations on
r-axis NR

z/c one card for each
(i.e., NZ cards)

r/a one card for each
(i.e., NR cards)

dis-

con—

NN

the z-axis

the

station

station
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APPENDIX XT11

PROGRAM MAIN(INPUT’OUTPUT)

333 3 3 3 3 3636 3030 I He 36 3 F I3 3 3 I T3 33963 3 3 3 H 96T 36 36 3 0 35 3 96 33 3 3 3

PROBLEM NUMBER 4
A S sty

SAAD ELDIN M, MOUSTAFA, SEPTEMBER 1967

DIMENSTON A(JOO;IOO)9A1N(200)’AZN(ZOO)’BIN(200)¢
B2N(200)sCN(200)sDN(200)+20(100)sRO(100)

READ 1,B8B
READ 1,AA

‘READ 14Q6

READ 1+Q1
READ 1,C
READ 1,T
READ 1+FES
READ 14PS
READ 1eW
READ 254M

"READ 254NN

READ 6sNZsNR
READ 15(Z20(1)s1=14NZ)

. READ 1s(RO(J})sJ=14NR)

PRINT 11

PRINT 21+sBBsAAsQ6sQ1sCsTsESePSeW
PRINT 28M

PRINT 283NN

PRINT 224(20(1)sI=1sN7Z)

PRINT 22s(RO({J)sJ=1¢NR

PRINT 2 ,
PRINT 3 '

AM = M

GM = (Q6 + Q1)/(Q6 + 2,.%*Ql)
GMM1= 1, -GM

PI = 3,1415926536

ZET = Oo

DO 100 N=1 NN

AN = N

AK = AN¥PI1/C

P9 = (—1,)%x*N

ALF = AK¥*AA

BTA = AK#BB

EXA = EXP(ALF)

EXB = EXP(BTA)

FOA = AIO(ALF)*EXA




1

1

1

FIA = AT1(ALF)*EXA

FOB = AIO(BTA)*EXB

F1IB = AT11(BTA)*EXB

AKO = AKO(ALF)

AK1 = AK1(ALF)

BKO = AKO(BTA)

BK1 = AK1(BTA}

A(l,l) "—'F].o

Alls2) = =1,

Alle3) = Qo

Alls4y = Q.

A(ls5) = 26/ (GM*AK)

Al(leb) = Qo

At2,1) = F1A

A(2¢2) = F1A

A(293) = AK1

Al244) = AK1

A(245) = 2.%AA%FOA

A(296) = 2¢%AA®AKO

Al351) = Qe

A(352) = Qo

A(343) = 1,

A(394) = "1-

A(3’5) = Qe

A(3+s6) = —2o/(GM*AK)

Al4s1) = QLl%F1B

Al4,2) = Q1%*F1B

A(4,3) = Q1l%BK1

Al4s4) = Q1¥%¥BK1

Al44s5) = 2.,%Ql*BB*FOR

Alb4y6) = 2.%Q1%¥BB*BKO

A(S541) = —Q6*¥FOA + 2.%Q1I*F1A/ALF — 2.%#Q1l%*FOA

A(552) = Q6%*FOA

Al(553) = Q6%AKO + 2,%Q1*AKO + 2,*Q1¥AK1/ALF

A(5s4) = —Q6%AKO

AlS545) = =2,%Q6#FOA/AK ~ 2,%Q1*FOA/AK = 2.¥QL1*¥F1A*AA

A(D556) = —2,%¥Q6%¥AKO/AK = 2,%¥Q1#AKO/AK + 2.*Q1¥AA¥AK]

Albsl) = ~Q6%#FOB + 2.*QI*#F1B/BTA — 2.,%Ql*FOB
~T*ES*F1B/(BB*BTA)

A(b6s2) = Q6#FOB .

Al693) = Q6%BKO + 2.%¥Q1#BKO +2,%Q1*BK1/BTA
~THES*BK1/ (BB*BTA)

A(6s4) = —Q6%#BKO

Al6s5) = —2,%Q6%FOB/AK — 2.#Q1¥FOB/AK =2.*Q1*BB#F18B
-T#ES*FOB/ (BB*AK)

A(6sb) = —2,%Q6%¥BKO/AK — 2,*#¥Q1*¥BKO/AK + 2,#Q1%#BR*BK}

1

~T*ES*BKO/ (BB*AK)

CALL INVER(A46)
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C
Y4 = —T*AM®BBN(CoMyN)#PO/ (C*%#M)
Y6 = THPSHRAAN(CsMgN)%PQ/(BB* (C*%M))
c ,
AININ)Y = A(le4)%Y4 + A(1,6)%Y6
AZN(NY = A(204)%Y4 + A(2,6)%Y6
BIN(NY = A(3.4)%Y4 + A(3,6)%Y6
B2N(N) = A(4s4)%Y4 4+ A(446)%Y6
CNIN) = A(544)%Y4 + A(5,6)%Y6"
DNIN) = A(6+4)%Y4 + A(646)%Y6
C
ZTN = AIN(N)*(-PS*F1B/BTA) + BIN(N)#*(-PS#BK1/BTA)
1 + B2N(N)*(-BKO) + CN(N)*(BB*F1B-PS*FOB/AK)
2 + DN(N)*(-BB*BK1-PS*BKO/AK)
3 A2N (N)*FOB
ZET = 2TN + ZET
C
100 CONTINUE
C
Allsl) = 2.%(Q6+Q1)
Al(ls2) = =2,%QL/(AA*AA)
Alle3) = Q6
A(194) = Qe
C
© A(2s1) = 2.%(Q6+Q1l) + ES*T/BB
‘Al252) = -2,%#Q1/(BB*BB) + TH*#ES/(BR*%3)
A(253) = Q6 :
At244) = TH*PS*AM/ (BB*(AM+1.1)
c ,
A{(3s1) = Qo
A(352) = Do
A(B’B) = lo,
A(3’l+) = 0.
C
A(441) = -PS
A(4,2) = ~PS/(BB*BB)
Al4s3) = 1, ’
Albs4) = Z2ET - (1le~PS*#PS)/ES
C
CALL INVER(As4)
c ;
Y3 = w/C
C .
UO = A(1,3)%Y3
Ul = A(2,3)%*Y3
WO = A(3,3)%Y3
DK = A(4,3)%Y3
C
AZ20= C#C/3,
J VV3 = DK¥AM/(AM+1,)
VV4 = PS#VV3
C
DO 200 N=1,NN
o AIN(NYy = AIN(N)*DK
AZ2N(Ny = A2N(N)*DK




BIN(N) = BIN(N)*DK
B2N(N) = B2N(N)#*DK
CN(N) = CN(N)*DK

DN(N) = DN(N)*DK

CONTINUE

DO 500 T=14NZ

z

-

20(1)

Z DENOTES 2/C

DO 400 J=1,NR

R = RO(J)

Vvl = 0,

v2 = Noe

v3 = Qo

V4 = 0o

V5 = 0o

V6 = 0.

v7 = 0o

V61 = O.

VTl = 0,

vVl = Oe

Vv2 = n,

‘WS = 0o

DO 300 N=14NN

AN = N

AK = AN®P1/C

P9 = (“10,**N

AKZ = AN®PI#*7?

ROW = AK#R

EXX = EXP(ROW)

FOR = AIO(ROW)H*EXX
FIR = AT1(ROW)*EXX
RKO = AKO(ROW)

RK1 = AK1(ROW)

CX = COS(AKZ)
SX = SIN(AK2)

AAN = AAN(CsM4N)
AZ1IN= —PS%2,%SIN(AKZ)/AK
UNA1 = -AIN(N)*FIR
UNC = =CN(N)#*R*FOR
UNB1 = «BIN(N)#*RK1
UND = —~DN(N)#R%*RKO
WNA2 = A2N(N)*FOR
WNC = CN{N)#R#FIR
WNBZ = ~BZ2N(N)*RKO
WND = ~DN(N)®*Rx%RK1
UN = (UNA1+UNC+UNB1+UND)*CX/AK
wN = (WNAZ2+WNC+WNB2+WND)#SX /AK
UN1 = UN

WN1 = WN + WO#AZIN

297
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M

@)

300

1

1
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VIN = (FIR/ROW-FOR)*AIN(N) -(FOR+ROW*F!R)*CN(N)/AK
+(RKO+RK1/ROW)#BIN(Ny - (RKO- ROW*RK1)#DN(N)/AK

VIN = VIN#®CX _ '

V2N = =AIN(N)*FIR/ROW - BIN(N)#RK1/ROW = CN{N)#FOR/AK
= DN(N)#RKO/AK

V2N = V2N#CX

VBN = FIR*AIN(N) + RKI#BIN(N) + RE¥CN(N)*FOR + R#*DN(N)*RKO

V3N = V3N®*SX

VAN = A2N(N)*#FOR - B2N(N)*RKO + CN(N)*R*¥FIR -~ DN(N)#R#*RK1

V4N = V4N*CX '

VSN = FIR¥A2N(N) + RK1%B2N(N) + R*¥CN(N)%FOR + R*DN(N)*RKO

VEN = V5N#SX

WSN == (UNAL1+UNB1+UNC+UND)*SX*PS/ ( AK#AK )

VVIN = DK*¥AAN#CX/(C*%#M)

VVIN = VV1IN%P9 '

VV2N = VVIN#PS

V1l = V1 + VIN

V2 = V2 + V2N

V3 = Vv3 + V3N

V4 = v4 + V4N

V5 = V5 4+ V5N

V6 = V6 + UN

V7 = V7 + WN

Vel = v6l + UN1

V71 = V71 + WN1

VV1 = VvVl + VVIN

VW2 = VYV2 + VV2N

WS = WS + WSN

CONTTNUF

V8 = UO*R + U1l/R

VO = WO*2Z2*C

V10 = UO - Ul/(R*R)

V12 = wo

WST = WS — PS*¥UO*7Z%(C

WST = WST + DK*(1.—PS*PS)*Z*C*(1.-(2**M)/(AM+1.))/ES

WST = WST — Ul¥2%#C/(R*¥R)

ub = vé + v8

UbD1 = vel + v8

WD = V7 + V9

WDl = v71

EPRR= V1 + V10

EPTT= UD/R

EP22= V& + V12

EPRZ= (V3 + V5)/2.

EEE = EPRR+EPTT+EP2?

SS = Q6%*EEE

STRR= 55 + 2,%Q1*%EPRR

STTT= 5SS + 2.*%Q1*EPTT




400

500

1
2
3

4
5
6

11

21
22
25
28
29
30
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STZ27Z= S5 + 2.*Q1#EP77

S5TR2= 20%*Q1*EPRZ

V15 = 0.5%(EPRR + EP22)

V1é = (EPRR - EPZ2)

V17 = V16*V16

V18 = 0e5%SQRT(V1T7+4,*EPRZ*EPRZ)
V19 = 2.%EPRZ/V16

V19A = ATAN(V19)

PEPR = V15 + Vi8

PEPZ = v15 - v18

SLOP = V19A*180./3.1415926536

V20 = 0e5%(STRR + S5T72)

V21 = (STRR - 5T727)

V22 = Vv21%v21

V23 = 0e5%SQRT(V22+4.%STRZ*#STRZ)
PSTR = V20 + V23

PSTZ = v20 - v23

R = R/BB

IF (R = 0e999) 848,49

PRINT 452sRsUDsWDsSTRRySTTTsSTZZsSTRZ4PSTZ4SLOP

GO TO 400

SEGZ =-vvl1 + vv3

SEGT ==VV2 + VV4 + ES*EPTT

PRINT 55Z9RsUDsWDs STRRggTTTgSTZZ,STR29PSTZySLOP SEGZ s SEGT
PRINT 29,UD1,WST

CONTINUE
CONTINUE

FORMAT (F13.4)

FORMAT (lHl9/////////950X97HRESULT59/051XQ7H*******)
FORMAT (//91Xs3HZ/Cs3Xs3HR/AsbX s THU~ DISPoes5Xs THW=-DISPa 45X,
1 BHR-STRESS s4X ¢ BHT-STRESS 44X 8HZ - ~STRESSe4X,

2 9HRZ~STRESSs3X

3 11HMIN, STRESS;1X95HSLOPE,7X911HSTEEL -7- STR;IX!
4 . 11HSTEEL~T=STR}

FORMAT (1X92(F5e351X)s1Xs8(E11eb4s1X))

FORMAT (1X92(F5e391X)s1Xs10(E1leb4s1Xx))

FORMAT (214)

FORMAT (1H1s/7///7/77/+s50Xs10HINPUT DATAs/s51X,

1 ]_OH**********)

FORMAT (/10Xs9(F10a2s3X})

FORMAT (10X eF10e4)

FORMAT (14)

FORMAT (10Xel4)

FORMAT (14Xs2(E1le4s1X)s//)

FORMAT (/10Xs6(E1le493X)})

sTOP
END

%
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N

100

110

120
140
150

200

10

20

30

300
SUBROUTINE INVER(ANMAX)

LA LR LR SR S S SR T TET TN AR P R e
SUBROUTINE TO INVERT A MATRIX

o BRI I 3 30 I I I3 33 3090 30 I3 336 36 H I I H 363636 36 36 9 56 3 3 3 36 3 3E 3 36 36 3 3 3 3 K K%

DIMFNSION A(1005100)

DO 200 N=1,NMAX
D = A(NsN)

DO 100 J=1sNMAX
A(NsJ) = -A(N,J)/D

DO 150 I=14NMAX

IF (N-I) 11051505110

DO 140 J=1,NMAX

IF (N=J) 120s140:120

AlTsdy = AlIeJ) + A(T4NIXA(N,J)
CONTINUE

ACIsN) = A(IsN)/D

A(NsN) = 1.0/D

CONTINUE

RETURN

-END

FUNCTION AIO(X)

T = X/3o75

IF (T-=1e) 10510s20

AQO = 1-0

Al = 3,5156229#(T#%2)
A2 = 3,0899424%(T#%4)
A3 = 162067492%(T*%6)
Ad = Na2659732%(T#%8)
A5 = 0.0360768%(T#%10)
A6 = 0.0045813%(T*%12)
ATO=(AO+A1+A2+A3+A4+A5+A6 ) /EXP(X)
GO TO 30 o
BO = 0.39894228

Bl = 0.01328592/(T)

B2 = N.00225319/(T%#%2)
B3 = 000157565/ (T#*%13)
B4 = 000916281/ (T#%*4)
B5 = 002057706/ (T*%#5)
Bé = 0.02635537/(T*%#6)
B7 = 001647633/ (T*#7)
B8 = 000392377/ (T*%8)
A10O= (BO+Bl1+B2-B3+B4-B5+B6-B7+B8)/SQRT (X)
RETURN

END
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20

30

10

20

30

FUNCTION AI1l(X)

T = X/3-75

IF (T=1.) 10510520

AOC = 005

Al = 0.87890594%(T##2)

A2 = 0e51498B69% (T*#4)

A3 = 0.15084934%(T*%6)

A4 = De02658733%(Tx%RB)

A5 = 0.00301532%(T*%10)

A6 = 0,00032411%#(T*%12)

All= (AO+A1+A2+A3+A4+AS+A6)%(X/EXP.(X))
GO TO 30 :

BO = Ne39894228

Bl = N.03988024/(T)

B2 = 0.00362018/(T#%2)

B3 = Ne00163801/(T*%3)

B4 = N.,01031555/(T%%4)

B5 = 002282967/ (T#%5)

B6 = Ne02895312/(T*%6)

B7 = Ne01787654/(T*%7)

B8 = N.00420059/(T*%8)

All= (BO-B1-B2+B3-B4+B5~-B6+B7-B8)/SQRT (X)
‘RETURN :
END

FUNCTION AKO(X)
T = X/2e
IF (T = 1le) 10510520

AO =—ALOG(T)*ATO(X)*EXP(X)
Al = =¢57721566

A2 = J422TB420%TH*T

A3 = J23069756%(T*%4)

A4 = ,0348B590%(T#%6)

AS = ,00262698%(T*%8)

A6 = ,N0010750%(T*%*10)

A7 = ,00000740%(T*#%12)
AKO= AO+A1+A2+A3+A4+A5+A6+AT
GO TO 30

BO = 125331414

Bl = -,07832358/T

B2 = o02189568/(T*T)

B3 = ~401062446/({T*%3)

B4 = .00587872/(T#%4)

B = ~40N251540/(T#%5)

B6 =  o,00053208/(T*%6)

B7 = RO+B1+B2+B3+B4+B5+RBs
AKO= BT7/(SQRTIX)*EXP (X))
RETURN

END
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FUNCTION AK1(X)

T = X/2e :
IF (T - 1s) 10510520

AOC =X3#ALOG(T)I#ATLI(X)REXP(X)
A1=1.

A2 = 0615443144%T*T

A3 = =ob67278579%#(T##4)

A4 = —=o18156897#(T*#6)

AS = —,01919402%(T#%8)

A6 = =o001104046%(T*%10)

A7 = =,000N4686%(T*%12)

A8 = AO+A1+A2+A3+A4+AS+AE+AT
AK1l= A8/X

GO TO 30

BO = 1.,25331414

Bl = 023498619/T

B2 = =-e03655620/(T*T)

B3 = 01504268/ (T*%3)

B4 = ~o,00780353/(Tx%4)

B5 = 00325614/ (T#%5)

B6 = =o0Q0068B245/(T*%6)

B7 = BO+B1+B2+B3+B4+B5+B6
AKl= B7/(SQRT(X)*EXP (X))
RETURN

END

FUNCTTON AAN{(CsMsN)

PI = 3,1415926536
AM =M
AN =N
NN = (Mz2y - 1
MM =M -1
AAN = 0D,
DO 100 K=14NN
ANN = 1,
KK. = 2%K
= M - KK

NO 200 J=KK,MM

A = J

ANN = ANN¥*AJ

ANN = ANN/( (AN®PT)**T)

K1 = (Mr2) + K

P9 = (=1,)%*%¥K1

ANN = ANN#*P9

AAN = AAN + ANN

AD = 2, ¥AM¥ (C*%M) /( (AN*P ) *%2)
AAN = AO#*(1., + AAN)

RETURN

END




200

100

FUNCTION BBN(CsMyN)

AN = N

MM =M - 1

NN. = (M/2y =1

PI = 3,1415926536
BBN = Oe

DO 100 K=14NN

BN = 1,

KK = 2%K

1 = M - KK

DO 200 J=KK¢MM

A = U

BN = BN¥®AJ

BN = BN/((AN®PT)%%1)
K1 = NN + K

P9 = (~1.)%%K1

BN = BN#P9

BBN = BBN + BN

BO = 2,%(C**MM)/ (AN*PT)
BBN = BO*(BBN = 1,)
RETURN

END
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Input Data

Card
1

2

10

11

12

12

Column

Format

F13.4

F13.4

F13.4

F13.4

F13.4

~ F13.4

F13.4

F13.4

Fl13.4

I4

14

14

14

F13.4

Fl13.4
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Inside radius of steel tube b

Inside radius of concrete a

Lame's constant for concrete )

lame's constant for concrete y

One half the height of the

composite element c

Thickness of the steel tube t

Modulus of elasticity

of steel E

Poisson's ratio of steel v

End displacement

Exponent in the shear
tribution law m

Number of terms to be
sidered in the series

Number of stations on
NZ

Number of stations on
NR

z/c one card for each
(i.e., NZ cards)

r/a one card for each
(i.e., NR cards)

dis—-

con-

NN

the z-axis

the r—~axis

station

station






