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Aprendix A,

PROGRAMME k.

ANALYSIS OF HOLTCAL STAIR WITH CENTRAL ANGLE 720 DEGREES

DIMENSIZN. INDEX (6,2), D(646), DU(6), X(6)
READ (2,1) N, PHI

READ (2,2) W, UT, R , RI, H

FARMAT (T4, F12.7)

FPRMAT (F6.,0 , F6.2 , 2Fh.1 4 F6.2)
F@RHAT (6F13.4 /)

R1 = 2./3e*(RE **3 =RI**3) / (R **2 = RI**2)
R2 = (R + RI) / 2.

B - R§ - RI

RHE = RI1/R2

HPB = 1/B

ALPHA =  ATAN (HT/(L. *PHI*R2))

GAMMA =  28./9./(16./3. = 3.36 *HPB* (1., - HPB**4/12.))
BETA = HPB*"2

SA = SIN (ALPHA)

CA = C@s (ALPHA)

SA2 =  SAs=SA

CA2 = CA*CA

C2A = CA2 - SA2

S2A = 2,*SA*CA

TA = SA/CA

TA2 = TA*TA

PI2 = PHI*PHI

PI3 = PI2 * PHI

P(%1,1)s= TA2 * (10467*PI3 + PHI) + BETA * (6.*PHI*C2A + SA2
*TA2 * (10,67 * PI3 -~ PHI)) + GAMMA * SA2 * (10,67

¥PI% 4+ 11.*PHI)

D(2,2)= TA2 * (10.67*PI3 ~ PHI) + BETA *(2.*PHI*C2A + S5A2
*PA2* (10,67*PI3 + PHI)) + GAMMA * SA2 * (10,67*

PI3 + 5.*FHI)

D(3,3)= 2.*PHI* (1. + 3.* (BETA*SA2 + GAMMA*CA2))
D(4,4)= 2.,*PHI* (1., + (BETA*SA2 + GAMMA*CA2))

D(5,5)= D(4,4)

D(6,6)= L4,*PHI* (BETA*CA2 + GAMMA*SA2)

D(1,2)= L4, *PI2* (~-TA2+SA2*(BETA*TA2 + GAMMA))

D(1,3)= PHI* (~TA + 1.5%S2A*(BETA*(2, - TA2) - 3.*GAMMA))
D(1,4)=  ~PHI*(TA -~ S2A/2.* (BETA*(2. + TA2) - GAMMA))
D(1,5)= =4, *PI2*(TA + S24/2.*(BETA*TA2 + GAMMA))
D(1,6)= 4, *PHI*(BETA*CA2*(1. = TA2) + 2. * SA2*GAMMA)
D(2,3)= L4,*PI2*(TA + S2A/2.* (BETA*TA2 + GAMMA))
D(2,4)= D(2,3)
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PHI*(TA + S2A/2.* (BETA* (2. = TA2) = 3.*GAMMA))
0.0

2.*PHI*(1, + BETA*SA2 + GAIMA*CA2)

0e0 '

=2 *PHI*S2A* (RETA - GAMMA)

0.0

0.0

0.0

~ L *PI2* (RHB*TA + S2A/2.*(BETA*(TA2 * (4. + RUP )
= PHI*(B.*TA*R§9.+ TA 9 BETA * (8.*SA2 - 4.*CA2
+REP * (SA2 - 2,%CA2)) + GAMMA*S2A/2.*(12. + 3.
*RHG) )

8, *PI2* (BETA*SA2 + GAMMA*CA2)

0eD

2.*PHI*(RHP + (2. + RHP) * (BETA*SA2 + GAMMA*CA2))
-~ L4,*PI2*82A%* (BETA -~ GAMMA)

T 3

J+ 1

My 6

D (J, I)

WRITE (3,45)
FZRUMAT (30H THE FLEAIBILITY MATRIX)
WRITE (3,3) ((D(I, J), J=1, N), I=1, N )

URITE (3,

6)

FPRMAT (50H THE FLEXIBILITY OF THE UNIT UNIF@RM L@AD)

WRITE (3,

Dg 7 I

INDEX (I,

EE! = 0
AMAX =
DY 13 I

3) DW
= =N
1) =0

-e

IF (INDEX (I, 1)) 13, 9, 13

g 12 J

= 1,N

IF (INDEX(J, 1)) 12, 10, 12

TEMP = ABS (D (I, J))

IF (TEMP - AMAX) 124 124 11
IRW = I

IRGL = J

AMAX = TEMP

CENTINUE

CZNTINUE -

IF (AMAX) 24, 27, 14
INDEX (IC#L, 1) = IROW

IF (IRMN - ICYL) 15, 17, 15
D¢ 16 J = 1, N

TEMP = D(IR@W , J)

D (IRgW, J) = D(ICAL, J)
D (Ic@gL, J) = TEMP

TR, =0 BT <8
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INDEX (II, 2) = IC#L

PIV@PT = D(ICPL, ICHL)
D(ICPL, ICYL) = 1,0

PIVGT = 1,/PIVAT

D18 J = 1, N

D (1C@L, J) = D (ICPL, J) * PIVET
DF21I = 1, N

IF (I « ICGL) 19, 21, 19
TENP = D(I, IC#L)

D(I, ICYL) = 0.0

DFp20J = 1. N :
b(1, J) = D(I, J) - D(ICYL, J) * TEMP
CONTINUE

Gp T8 8

ICAL = INDEX (II, 2)

IRGW = INDEX (IC@L,1)

Dg 23 1 1, N

TEMP = D(I, IREW )

D(I, IR@W) = D(I, ICHL)
D(I, ICPL) = TEMP

D & IT &

IF (II) 22, 25y 22

WRITE (3, 26)

FPRMAT (25H THE INVERSE OF MATRIX)

WRIVE (3, 3) ((D(1, J)¢ J=1, N), I=1, N)
GP 18 29

WRITE (3, 28)

FZRUAT (12H ZERO PIVYT)

Gp TH 4o

DF31I = 1, N

X(1) = 060

D 30 K =1, N :

X (I) = X (I) + D(I, K) * DW(K)

CZNTINUE

WRITE (3, 32) HPB

FPRMAT (38H THE REDUNDANTS AT DEPTH/WIDTH = ,F6.3)
DF 33 I = 1, N

X(I) = Xx(I)*w

WRITE (3, 34)

F@RMAT (1Hb, 8X, S5HX1/R2, 8x, 5HX2/R2, 8x, 5HX3/R2, 5x.
8HX4/R2* *2 X * % A
v.RIé: S )sx, 8HX5/R2**2, 5X, SHX6/R2**2)
ANGLE = o 0

C = PHI/180.*ANGIE

TEMP = C -

IF (C - B,*PHI) 37, 37, 36

C = C - 2,*PHI

IF (C.GT,2.,*PHI) GY TZ 36

SC = BSIN (¢)
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CC = Cgs (C)

C = TEMP

RM = « R2**P*(C*SpA/CA*(X(1)*CC + X{2)*8C) + (X(3) + X(&4))*
SC = X(5)*CC) + R1*R2*(1, - CC)*W

M = R2*¥2%(8A*((1, = C*SC - CCY*X(1) + (C*CC - SC)I*X(2)=
X(6)) + CA*((CC = 1.)*X(3) + CC*X(4) + SC*X(5) + (C =
RHP*SC)*W))

SM = R2**2*(CA*((CC = 1. = CH*SC*DAR2)*X(1) + (B5C + C*CC*TA2)

. *X(2) + X(6)) + SA*((CC = 1.)*X(3) + cCc*X(4) + SC*X(5)

+ (C -~ RHEZ*SC)*W))

RQ = = R2*(52*X(1) - CC*X(2)

TQ = R2*(CA*(CC*X(1) + SC*X(2)) - SA*(X(3) - C*W))

8Q = R2*(SA*(CC*X(1) + SC*X(2)) + CA*(X(3) = C*W))

WRITE (3, 38) ANGLE

38  TF@RMAT (5H AT, 6,1, 10H  DEGREES)
WRITE (3, 3) RM, TM, SM, RQ, T4, SQ
IF (720. - ANGLE) 40, 40, 39

39 ANGLE = ANGLE + 10,
G¥ T 35

Lo sTgp
END

INPUT DATA

W = uniform load per unit length of horizontal project=-
ion of center line of step (Kg/m)
HT = vertical digstance betwecn the supported cnds. (m.)
R@, RI E= external and internal raduis of the helical stair

(m,)

H = depth of stair section (m.)
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Appendix DB,

PROGRAMME

L i —

ANALYGIS #F VELWICAL DEFLECUIYN #I' TNE HELICAL STAIR
READ (2,1) X1, X2, X3, X4, X5, X6

FLRMAT (EF12.5)

READ (2,2) W, HT, RE , PI, H, E, G

RZRMLF (fﬂB 2, 2F12.2)

URIVE (3,3) .

EﬁHKﬁT (1111 ANCLE, 10X, 1OHDEFLECTI@N)

R1 = Bof%e % (Rﬁ:*, - BRI#a3) / (Rff##2 « RI%=2)

R2 = (5f + RILY /7B

B = Rﬁ - II

Htﬂ = ™M / R2

HPB = H/ B

ALPHA = ATAN (1 / /Gl 454141595%R2) )

BIR = B 4 1/12 B H*%

BIS - I 1./12.*H}Bw*3

GJ = G * 1o/10e+Bellia3(164/5¢ ~ 3636xHPDx (14 ~ HPBes
h/124))

CA = C@S (ALPHA)

SA = SIiCCALDHA)

TA = LA JOGK

Caz2 = CA=* CA

SA2 = OA* SA
PAZ = TA* TA
PHI = 3.141303

rI2 = FHIH PET
ANGLE = 0,0

¥ = PIHI* ANGIE / 130,
DA & r

IF (P - 2,=PHI) 6, G, 5

i = " - 2.%PHI

IF (F.GT.2.*PHI) G T 5

ap = SIN (1)

cr = Cfg (I)

£ = TP

0 = Rowx 3 R.«( 3 s (Le»PII - F) / 26 = CF + 1.) / EIR
/ CA + (R2=six( TA%5A / BIS + CA / GJ ))= F.#PI?
-~ 1*r 7 2e + (Lo®}HI + RHPe (2,*PHI - F/2.)) * AP
(1. CF)*(ﬂ. + RHZ))

M = =D2ex3TA/CA » ((F = L,+PHI) # CE/be - SF s(1. + 16..
#PI2 - F) / h,) / BIR + R2*#%#BAx ((SFx (75 + b
PI2 . 1%F/4e )~ CPx(,75%F + PHI))* TA2 = CPx( 2.xPHI



83

- F/2,) = 4, *PHI*(1, = TA2) - 1.5*SF + F) /EIS
+ R2**Z¥GA* (8, 9PHI~ F +(9./ke + L *PI2 = F*I/h.)
*SF + (PHI - 5./4.)*CF) / GJ
F2 = =R2**3*TA/CA*(CF*(4.*PI2 =1./8, = F*F/L.) + (F/b.
2.0 * 4 PHI) * SF + OF/8.) / EIR + R2**3*SA* (TA2*(1.-CF*
(1e+ 4o*PI2 = F*F/4,) + (PHI - ,75*F)*SF) ~ 1, + CF
- SF * (2,*PHI = F/2,)) / EIS + R2**3*SA*(2.-
(2. + e *PI2 = F*F/4,)*CF + (3.*PHI - 5.*F/4,)*SF)
/ GJ
F3 = R2**3/CA* ((F/2. - 2.*PHI)*CF -SF/2.) / EIR + (R2
“*3% (TA*SA/ELS + CA/GS))* ((F/2. = 2.*PHI) * (2.
+CF) = 1,5*SF)
F4 = R2**p/CA*(CF*(F/2,-2.*PHI) = SF/2.) / EIR + (R2**
2« (TA*SA/EIS + CA/GJ)) * ((F/2, = 2.*PHI)*CF-SF/2.)
R2**2/CA*((F/2, = 24*PHI)*SF)/EIR + (R2**2*(TA*SA
/EIS + CA/GJ)) * ((F/2e = 2,*PHI)*SF - 1. + CF)
F6 = R2**2*SA*(1./BIS = 1+/GJ)*(4.*PHI - F + SF)
DFEC = (FO*W + F1*X1 + TF2*X2 + F3*X3 + F4*X4h + F5*X5 +
FG6*X6) * 0,01
WRITE (3,7) ANGLE, DFEC
7 FPRMAT (F10.1, F20.6)
IF (720, = ANGLE) 9, 9, &
8 ANGLE=  ANGLE + 10,
GO TP L
9 ST@P
END

Il

S

INPUT DATA

X1,X2;%3 = redundant forces at the lower support (Kg)
1 3 é
X4,X5,X6 = redundant moments at thc lower support (Kg - m)
W = uniform load per unit length of horizontal project

-ion of center line of step (Kg/m)

HI " = vertical distance between the supported ends (me)
RG,RI = external and internal radius of the helical stair
(m.)
H = depth of stair section (m.)
E = modulus of elasticity of concrete (K.S.C.)

G = shearing modulus of elasticity of comcrete (K.S5.C.)
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Appendix C.

="
%

FOGRAMME

o
—

C , ANALYSIS @F HELICAL STAIR BY M#RGAN METH@D

READ (2, 1) W, A, R, RI, H, PHI

FPRUMAT (4F10.2, F10.3, F10,2)

FPRHMAT (//5H V=,F13.4, 26X, 4H H=,F13.4)

FPRMAT (//10H ANGLE, 15X, SH MRF, 15 X, SH TF, 15X,
5H NNF) '

FPRMAT (F10,0, F20.4)

FPRMAT (//10H ANGLE, 15X, S5H, SHF,15X, 5H PNE, 15X,
SH  SNF) _

THETA
PHI

B

R1

FHE W=

3.14159*A/180.

3. 14159*PHI/180,

R4 - RI

2e/3e *(RP**3 = RI**3)/(RP**2 = RI**2)

R2 = (RF + RI)/2.

CK1 = 1e/3e = 3e36/16*H/B* (14 = H**L4/B**L4/12,)

CK = THETA*C@S(2.*THETA)/4e - SIN(2,*THETA)/8.

CM = THETA/2. - SIN(2,*THETA)/L.

CHi = THETA*C@S(THETA) = SIN(THETA)

CGI1T = 36.%*CK1/7

CGI2 = 364,*CK1*H**2/(7.*B**2)

cs = C#s (PHI)**2 + CGI2*SIN(PHI)**2

B1 = CGIT*(CN + 0.5* SIN(2,*THETA)) + CS*CM

C1 = = CGIT*CK*R2*SIN(PHI)/C@S(PHI) + CS*CK*R2*SIN(PHI)
/CHS(PHI)

C1 = C1+R2*SIN(PHI)*C@S(PHI)*CM*(1. - CGI2)

D1 = W*R1*(CGIT*R1*(CM + 0,5*SIN(2,*THETA) - SIN(THETA)))

D1 = D1 + W*R1*(R1*CM*CS + CN*R2*CS) .

B2 = = CGIT*CK + CS*CK + (CS =~ CGI2)*CH

C3 = CGIT*R2/2,*SIN(PHI)/CHS(PHI)

cl = C3*(THETA**3/3, - THETA**2*SIN(2,*THETA)/2. = 24*CK)

c5 = CS*R2/2.*SIN(PHI)/C@HS(PHI)

cé = C5*(THETA**3/3, + THETA**2*SIN(2.*THETA)/2. + 2.*CK)

Cc7 = (C8 = CGI2)*2,*CK*R2*SIN(PHI)/CHS(PHI)

cé = CM*R2*C@S(PHI)**2* (SIN(PHI)/CHAS(PHI) + CGI2*CHS(PHI)
/SIN(PHI))

cz = Ck 4 €6 + C7 +:C8

D3 = GCGI1T*R1*(CN - CK) + CS*CK*R1 + CS*R2* (THETA**2*SIN
(THETA) + 24*CN)

D2 = W*R1*(D3 + (CS - CGI2)*(CM*R1 + CN*R2))

T = (C1*D2 - C2*D1)/(B1*C2 - B2*C1)

H = (B2*D1 - B1*D2)/(B1*C2 = B2*C1)

WRITE (3, 2) T, H
WRITE (3, 3)
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ANG’IIE = 0.0

THETA = 0,0 ‘ : _

TRF - T*C@S(THETA) + H*R2*THETA*SIN(PHI)/C@S(PHI)*SIN(THETA)

TRF = TRF - W*R1**2*(1,-CHS(THETA))

TNF = T*SIN(THETA)*SIN(PHI)

TNF - TNF - H*R2*THETA*SIN(PHI)/C@S(PHI)*C@S(THETA)*SIN(PHI

TNF = TNF - H*R2*SIN(THETA)*C@S(PHI)

TNF = TNF + (W*R1**2*SIN(THETA) - W*R1*R2*THETA)*SIN(PHI)

TF - (T*SIN(THETA) - H*R2*THETA*C@S(THETA)*SIN(PHI)/CES
(PHI))*C@s(PHI)

TF -~ TF + (W*R1**2*SIN(THETA) - W*R1*R2*THETA)*C@S(PHI)

TF - TF + H*R2*SIN(THETA)*SIN(PHI)

WRITE (3, 4) ANGLE, TRF, TF,TNF
IF (ANGLE - A) 30, 50, 50

THETA = THETA + 06174533

ANGLE = ANGLE + 1040

IF (ANGLE - A) 20, 20, 40

THETA = 3.14159*A/180.

ANGILE = A

Gg TP 20

WRITE (3, 5)

ANGLE = 0.0

THETA 0.0

PNF ~H*SIN (THETA)*C@S(PHI) - W*R1*THETA*SIN(PHI)

SNF W*R1*THETA*CHS(PHI) - H*SIN(THETA)*SIN(PHI)
SHF H*C@S(THETA)

WRITE (3, 4) ANGLE, SHF, PNF, SNF

IF (ANGLE - A) 70, 90, 90

mw ow onomwi

THETA = THETA + 0.174533
ANGLE = ANGLE + 10,0
IF {ANGLE - A) 60, 60, 80
THETA = 3.14159*A/180.
ANGLE = A
GPh TP 60
STHP
END
INPUT DATA
W = uniform load per unit length of horizontal projection

of center line of load (Kg/m)

A = half arc subtended by helix (Degrees)

PP, RI = external and internal radius of the helical stair(m.)
H = depth of stair section (me)

PHI = slope made by tangent to helix center—line with

respect te horizontal plane (Deprees)



Appendix D

PROGRAMME

ANALYSIS @F HELICAL STAIR BY BERGMAN METHOD

READ (2, 1) W, R, B, H , THETA

FPRMAT (5F10,2)

WRITE (3, 2) -

FPRMAT (7H  ANGLE, 15X, GHM@MENT, 14X, 7HTPRSIPN, 16X, SH

. SHEAR)

HPB = H/B

RK = 3e1333/(164/3e = 3,36*HPB * (1, - HPB**4/12,))

THETA = THETA*341415927/180,

o = C@S (THETA)

8C = SIN (THETA)

U = 2,*((RK + 1,0)*SC = RK*THETA*CC)/((RK + 1,0)*THETA
« (RK = 1,0)*sc*CC)

ANGLE = 0,0

ALPHA = ANGLE*3,1415927/180,

CA = C@s (ALPBA)

SA = SIN (ALPHA)

BM = WIR*$2*(U*C4 - 1,0)

TA = W%R**2*(U*SA « ALPHA)

VA = W*R*RLPHA

WRITE (3, 4) ANGLE, BM, TA, VA
FPRMAT (F7.1, 3(12X, F9.2))

IF (ANGLE ,EQ.360.) GF T 5
ANGLE = ANGLE + 10,0

G TP 3

ST@P

END

INPUT DATA
W = uniform load per unit length of horizontal project

~ion of center line of step (Kg/m)

R = radius of center line of step (m.)
B = width of stair section (m,)
H = ‘depth of stair section (m,)

THETA = half angle subtending the helical stair (Degrees)
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Appendix E
PROGRANHNE

ANALYSIS @F HELICAL STAIR BY HYLME METHOD

READ (2, 1) W, BD, H, HT, R, ALPHA

F¢RUAT (F10.1, 5F10.2)

WRITE (3, 2)

FPRMAT (7H ANGLE, 4X, 14HN@RMAL M@MENT, 2X, 18HTANGENTIAL
MPMENT, 2X, 16HBIN@RMAL M@MENT, 5X, 13HN@RMAL : SHEAiR, 2X,
1CHTANGENTIAL THRUST, 3X, 15HBIN@RMAL sHEAR)

ALPHA = ALPHA*3.1415927/180.

ERS = (H/BD)**2

ERJ = 0.7*(1. + ERS)

THETA = ATAN (4T/(2.*ALPHA*R))

cc = C@gs (THETA) :

5C = SIN (THETA)

GAMMA = ERJ*CC¥*2 4 ERS*SC**2

RHP = (ERS < BRJ)*CC**2

SA = SIN (ALPHA)

CA =  CgsS (ALPHA)

S2A = 2.*SA*CA

c2A = CA*CA - SA*SA

A = -qGAMMA*(ALPHA/Z. - S24/4.) - (ALPHA/2. + 32A
/%) :

B = (GAMMA - 1.)/8.*(82A - 2.*ALPHA*C2A) + ERS*
(ALPHA/2. - S2A/4.) + (ALPHA/2. + S2A/k.)

E = GAMMA*(SA - ALPHA*CA) + SA

¢ = (1. - GAMMA)/8.*(82A -~ 2.*ALPHA*C2A) - RH@*
(ALPHA/2. - S2A/%.)

D =  GAMMA/2.* (ALFHA**3/3, + ALPHA**2*S2A/2. + ALPHA
C2A/2« ~ S2A/4.) + (RHP + ERS)/8.*(S2A - 2.*
ALPHA*C2A) + ERS*CC*#2/8C**2+(ALPHA/2. - S2A/k.)
+ (ALPHA**3/3. ~ ALPHA**2*S2A/2.)/2.

T =  GAMMA*(ALPHA**2%*8A + 2.*ALPHA*CA - 2.%*SA) + (
RHZ - 1.)*(SA - ALPHA*CA)

C1 = (B*F - D*E)/(A*D - B*C)

c2 = (C*L - A*F)/(A*D -~ B*C)

PHE = 0.0

F = PHE*3.1415927/180,

CF = C@s(F)

SF =  SIN(T)

RM = W*R*R/CC*(1. - C1*CF - C2*F*SF + C2*CF)

. TM = W*R*R*(F -~ C1*SF + C2*F*CF)

BM = W*R*R*8C/CC*(F = C1*SF + C2*F*CF + C2*SF/SC**2)

VIl = W*R*C2*CF/SC

FT = W*R*(F*SC/CC + C2*SF*CC/SC)

VB = W*R*(F - C2*SF)

"WRITE (3, 4) PHE, RM, TM, BM, VN, FT, VB
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FPRMAT (F6,1, 6F18.2)

IF (PHE .EQ.360,) G T8 5
PHE = PHE + 10,

GY I8 3

ST@P

END

INPUT DATA
W = uniform load per unit true length of the helix

center line (Kg/m)

BD = width of stair section (m,)
H = depth of stair section (m,)
HT = vertical distance bhetween the supported end of

the helix (m.)
R = the radius of the center line of step (m,)

ALPHA half arc of the helix (Degrees)

1]



1
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Appenaix F

PROGRAMME

ANALYSIS @F HELICAL STAIR BY SCORDELIS METH@D

READ (2, 1) W, B, H, R, PHE, HT, FX, FR

FPRMAT (F10.2, 3F6.2, F7.1, F6.2, 2F10,5)

WRITE (3, B)

FZRMAT (8H  ANGLE, 5X, 14HRADIAL M@MENT, 4X, 15HLATERAL
M@MENT, 12X, PHTSRSION, 6X, 13HRADIAL F@RCE, 5X, 14HLATE
-RAL T@RCE, 3X, 17HTANGEBTIAL F@RCE)

FE = PHE*3,1415927/180.

ALPHA = ATAN (HT/R/FE/2,.)

SA = SIN(ALPHA)

CA = C@S(ALPHA)

TA = SA/CA

ANGLE = 04,0

THETA = ANGLE*3,1415927/180.

cc = C@S(THETA)

sC = SIN (THETA)

RMW = =R*R*(1, - CC)

SMW = =R*R*(THETA -~ SC)*SA

TMW = =R*R*(THETA « SC)*CA

RMX = «R*THETA*SC*TA

SMX = R*(SC*CA + THETA*CC*SA*TA)

TMX = =R*SA*(SC = THETA*CC)

RMR = =0

SMR = SC*SA

TMR = SC*CK

RMT =, =R*(1.7=_CC)

SMT = R*SC*SA

TMT = R*SC*CA

ECT = B*B/12./R

RF = W*FX*CC

ST = W*(R*THETA*CA + FX*SC*SA)

TF = W*(~R*THETA*SA + FX*SC*CA)

RM = W*(RMW + ECT*RMT + FX*RMX + FR*RIR)
SM = W*(SMW + ECT*SMT + FX*SMX + FR*SMR)
™ = W*(TMW + ECT*TMT + FX*TMX + FR*TMR)

WRITE (3, 4) ANGLE, RM, SM, TM, RF, SF, TF
FPRUAT (F7.2 , 6F1943)
IF (ANGLE.EQ.PHE) G T¥ 5

ANGLE = ANGIE + 1040
Gg T@ 3 :

ST@P

END

INPUT DATA

W = uniform load per unit length of horizontal



R
PHE

HT

FX, TR

li

920

projection of center line of step (Kg/m.)

width of stair section (m.)

depth of gzitair section ()

radius of center line of step (m.)

half arec of helix (Degrees)

vertical distance. between the supported end, of
tie helix (m.)

pedundant forse and moment at mid point of center

line of thé siep. (Kgy Kg/me)

T T
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APPENDIX G

Analysis of internal forces caused by the redundants and

external locad

X"I = +1  (all other forces are zZero)

\h—""‘\\-
G /)
V = R,8tanex 7 = 92(1-cose)
mt‘l = =VsinGcosoc+ ZeinoC -

u

Raaino'((‘l - 6s5in® - cosl )
m a «=Vcogb

r1
= —-Rae'tanxcose
Mgl = ~Zcos X~ Vein®sin ol
- choaot.(cose -] - eainetan%xt)
Qt'i = cosBcos ol
Q SPRL N 51n6
Q = conBsinel



XE = + 1
’__/__,-—'?
L R?_ |
' |
Xz =

i

i
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(all other forces are zero)

Horizontal lins

Heos6ainex s

Heom® < /(

—~Vertical line
Heos ?(
’

"4 sinBsin o

+1

Rzﬁtano( s
HeopBeogpe Zsin o<
Rzaino((gooae =~ 5in6 )
=-Hgine

-Bzeta.no(aine

HeosOsino(+ Zoos X

R c0s o4( BcosBtan?x + sind )
sinBcoscX

cosb

5in€sinot



n

n

R,( 1 =~ coed ) ’
Hecosbcos £ Vainbcosox
Racoso(( cos0 = 1 )

- {(Vcos® + Hsin® )
~R,5in® '
Hoos6sinc{« Vgin®sine(
R,sine(( cosé - 1)
~sineX

0

cos &




= +1 - (all other forces are zero)

Stano
w———— Horizontal lime

Vertical line

N 4
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x5 = +1  (all other forces are zero)

r.Raetand

Horizontal lire

Vertical line

sinecég ot

Myg =
mr5 o cos8
Mg = sinGsinof
Q’t5 = 0
= I

(0]



(2ll other forces are zero )

By = ~zin N
mss = cos X
% =0 .8

Raetancﬂ

- Horizontal line

—Vertical line




Intexrnal forces caused by vnit vertical load apnlied at
an angle P from the lower support
[ 4

anod

Horizontal line

Vertical line

i

N = Rysin(6=p) y T

R, 1= cos(® -~ p)

Internal forces at any section
wvhen O <@ < g

mtp > mrp N msp = o
Woply, PR Ry % 9
vhen P <os<g -

mtp = Teosel

= R,coseX [1 - Icoa( 8 -p )]
mrp = N '

= R,sin(e - p)

- = Tsin X

=  RysineX E! -~ cos(@ -~ B ):]
Qtp = sing
Qrp = 0

QBP = =goad{



=
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Internal forces due to the uniform load per unit length of

orizontal projection of center line of steps
W = 41

—

7 ".'"I,//- ----- = /—Center line of asteps
e "."' . = Y

/’ By & ,
; R;/’\}“ ‘__‘1__.._.-—-- Center line of load

A § gt
(RO - Ri)
= 1
RZ E(RO+R1)
—R.6tanc

2
Horizontal line

Since the center of gravity of the uniform load is not coin.

cided with the center 1in_e of steps. Therefore, any small element
of the uniform load acting at B will have an additiongl torque of
£ T -(R1 - Ry))R, AP
So the e¢lement of uniform load at B causes a radial moment
2
at P of N = Rasinpdp- tainF
and a horigontal~tangential moment at P of
2
T = R2(1-coaP}dP + tcosp
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and a vertical force at P of
}.i‘z = Radp
The oonends and forces at P caused by any small element of

the uniform load acting at B are given by

dmt = TcosoK
W
= Récosd(’l-cosﬁ)dp+ tcoso(coaP
T, - R
= Racosoc('l- _R‘I cosp)dF
dmrw = N 2
= RqRZSianF
dmsw = TBinO‘(
2 R
= R251no¢.(1-_§1cosF)dp
2
thw = Fzsino(
= RZdPSiI'ld
erw = 0
dQ'EW = —anFEOOEC‘(

Thus the moments. and forces at P caused by a uniform load

over the arc © is given by

!
NN
I o

1cosF)dP

mtw = coso-."(1-

= R 18in0)

n

coso( (6 =

Wy = 192 {Blanﬁ

= 1R2(1 - cosB)

ol

my = sino([e o '1'q'1 coaﬁ)dP
2
= RisinX (6 - 11 siné) |
R
2 S
Qtw = asinof. P = Raesino(
Qrw = o
Qqy = -Rycos0xidp = =R,8c05 <

o]
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