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2.1 Ausuuptions

In the cnalysis of the helical stair, the following
assunctions are made:

1¢ The mate=ial of 'hé structure is clantic, honogee=
-ncoun and igceiropic.

2., The gipOhdinre, is connidercd as an clastic linecar
member delined hy the lonitudinal centroidal axis of the girder
theiehy neopglecting the Blyeraction.

;

De  The hofdARE and tersional stiffness of the section

1

of a warmed pirvder fwwihy HelicoTdal wsh@pe may be defined by those
of a straipght Hrismaieo-genber.

te ~eformaticfs . due . te . olifear and dircet force vc
neslected being/sueldl dnncuomarison e rtheweformations cauwsed by
hending and torsional woment

s ‘'Yhe noment of incritia and polar moment of inertia
of the siructure at any cross section aay be assumed to be that of

the cross section of the structure.

2.2 Geonetry of ths staircase

he pcometry of a helical stair can be defined vhy
ally, as shown in Tig 5 in terms of thc internal line radius Rj,

external line radius R,, the width b, the depth h, horizontal angle

g , an angle of slope .
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2.3 Sign Convention

The forces and moments at any cross section of the he--
lical stair are represented by vectors and double arrow head vec-
tors respectively. The double arrow head vectors indicate the axis
about which the moments act and the right hand rule is used for the
right hand helicoidal girder. In the same manner, the left hand
rule is used for the left hand helicoidal girder. The positive di-
rection of the internal forces of the left and risht hand helicoi-
dal girder are shown in Fig TI,

2.4 Compatibility equations

The helical otair fixed at beth ends is a three dimen-
sional structure. For the analysis , the helical steoir is simplif-
ied as a helicoidal girder which is statically indeterminate to the
sixth degrees as shown in Fig I. Then the six reactions at the lower
support are seclected as the redundants. The six redundants ie three
forcec X1, XZ’ X3 and threc moments Xq, K5’ XS act along three mu-
tually perpendicular directions as shown in Fig 3 and 4 with their
positive directions. The redundants X1, Xh‘ and XZ' X5 are horizon=-
tal in tangential and radial dircction respectively where as the
redundants X3, X6 are in vertically upward dircection. The direction
of the redundant moments of the left and right hand helicoidal gire
der are also established by the left and right hand rule respect-
ively. By using the principle of superposition , the following
compatibility equation may be written:

D, X

11 o D16“6 £ DTw e D1h““”(1)

1 + D12X2 + D13X3 + D‘]l;-xll- + D15X5

TR ; (e
3211{1 + 3221{2 + 1323:{3 + Dzh'xl} + 1325115 + D26X6 + Daw 5 (2)



AT N

DB,]X1 + D32X2 + 1)33){3 + D34X4 + D55X5 + D36X6 % DBw = D3n-—»(3)
Prgq¥ * Bigks + DXy % DXy + Blliis DeRehe Dy, = Dysen(d)
351X1 + D52X2 - D53X3 + 4X4 + D X + D56X6 + DSM = Dsumm~(5)
Bpakq #Bpoky w Do Xy + DXy v Docke # Dopke « Dy = Dgmende)
where Dij = the displacements corresponding to Xi due to unit

value of the redundant Xj only

D iw

I

the displacementg corresponding to Xi due to exter .

~-nal load only

X5 = the redundants at the lower supvort
Dy = the actual displacements corresponding to redundants
X.
i

In order to obtain the solution for the redundants the
flexibility coefficients Dij and Diw should be known. In this case
of study, the external load is the uniform load on whole the stair
~cacze. Therefore the flexibility Dj,, are the flexibility coeffi-
cients of a unit uniform load. By using the method of virtual work,

the flexibility D

i3 and D. are determined as follow:
J iw

4 My ;1
%
;R s Mg My + g MgiMg s " { WFL~.J
13 Fr-tdas * ), fras T}
g
= My 0ei¥sw i Lgw
Dlw “E%EEE ds s “E%TS as * —cg " ds
et o '} s o TJ
where mos mrj: moment about the r-axis due to unit value of X
and Xj respectively
m..; m .= - idin . -
si s] moment about the s-axis due to unit value of Xi

and Xj respectively
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torsional moment about the t-axis due to unit value
of Xi and Xj respectively
moment about the r-axis due to extecrnal load
moment about the s~axis due to external load
torsional moment abopt the t-axis due to external
load
second moment of area of waist section about the
r-axis = hlth

12

second moment of arca of waist section about the

B~axis = éthB

2| %

; ) L
torsional constant = bh 16 ~ 3.36 h (1~ _h, ):]
[3 b 124

modulus of elasticity

meclulus of ghear
R

05 X

angle neasured from the lower support

de

radius of center line of gtep

radius of center line of load

(1) Roark , R.J. , Formulas for Stresses AND Strain , 2"% edition
Mc GRAW-HILL BOUK COMPANY , NEW YORK and LONDON INC., 1943 , © 163
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Table I : Internal forces due to external load

Internal expression of internal forces
forces duc to unit uniform load
m R1R2( 1 - cos® )
m_ Rgsin.o((e-— El 5iné )
RZ
: o I R
m, Rg coscX (6 - __1_:31119 )
R2
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Iavernal kxpression of internal forces duc to unit velues of following redundcnts
Force X X £ 4 A e
el 2 3 4 5 6

.r -R29 tanatcos § -RZB sin © tanot -stin g -sin & cos © -

m chosa( (cos © chosi)"- (6 cos © stinri(cos e sin cos © sinX sin 6 cos .
-L:eainﬂtlnzvk tm29<’ + sin ©) -1)
il .

mt stink(l-t}sinﬁ stin:x,{ﬁcasu chosp(. (coss cos™cos © cosXsin 6 =gin &
-cogb) -sins) -1)

9, -sin @ cos © - - - -

q singcos 6 sin{gin © cos X - - -

s
qt. cosu{cos © cosXsin € -sineX - - -

Taoble 2 : Iaternal forcc duc to

unit valuoc of- redundanss
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Jlexibility Coefficicnts
el S g et e
The flewxibility coeificicnt of the redundants at

lower sunport of a helical stair with ceniral angle £, ave cxnruss

-
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By Maxwell 's law ol reciprocal deflections
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The flexibility cobrificicnt of unit vniiorm load on whole stair-
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2,5 Evalv~tion of rodundants and intcrnal forces

POy e

The nolution of eg(1) through (6) should be determined

by substituting {the known valucs of the flexibility coefficicnis

r

into equation. Thesc cguations can be evaluated by any suitable

method, then the six equations may be solved simultancously for

s -

the vzluce of the redundants Loy Loy 53, L)y K5 and XG « In this

study, these cguations ave rewritlcdn in matrix form as follow :

:
;
J | )

where

i
E Dij] = the 6 X 6/1Vexibility matrix of displacements cerres-
L 5

nonding te the redundants Xi due to the redundants i3

1 matrix o tho redundants

—

= the 6 X1t matzii of actual Uisplacements corresponding

¥4
A
Lo _..._-a.L.‘..—‘

]

|~
[

()

&

()

=

to thce reéundants

5
]

s1 = the 6.3 1 matrix of dis>lacements corrcuponding to the

redundants L5 due to unit uaiform load
Therefore the solution oi the rcdundants may be written as follow:
; 1 = -1
! = ¥ 4
I ]
=]

the matrix [Dij equal to zcro since the helical Stair is fixed at
il 1

”l)ixs

both cnds.
The internal forcen at auy location & from the lower support may

be determined as follow

Hip = MpqXq 4+ me2X2 + mp3X3 o mplXh o+ mr5X5 + erXG ¥ M,

M = Mgqdq = mgpin + nguily + mghXn + mgnXg - mggXg - mgy
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2¢5.1 Datam of

-+

the helical stair

The

siven as follow:(sce FPig 5)

Total central eng¥c /4 /¢

Angle of slope 4 X
External radius , Iy
Internal raciuvs , Ry

Heipghe from towm

Riscrs,

Width o

Depth of

Depth of

Average

Aszune

Uniformly distributed live loacd

Dead weirht of concrete

rtherefcre

Live

-
[

load ,

Lo ilo.
staircasesn;
ceobion
section

depth of

analysis , h

G/F

LioLe

Decad load , D.L.

gtaircape

E TR
ior

to ground floor , Hy

at both supnorio

- mJﬁxﬁ + Myele
qr5x5 + pg%s

4 gﬁ5X5 + HSGKG
* Qys¥s + Qpeke

at mid point of stair =

720
20,8
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data of thohelical stair under study are

degrees

Nle

iile

e
M.
lile

Ile

kg/n

g
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Fig 5 : Dimension of Prototype Helical stair



Total load ner unit projectaod
lenght of conter line of step , W = 1.4 X 658 + 1.7 X 239 kg/u.

= 1326 kg/m.

2¢5.2 folution

The redundants at the lower supuort and the intcernal
forces at any scction arc calculatced by computer. The computer pro
~grammc is written in fortran IV lan;uare and shown in Appcndix A.

It is aprlicable to the lielical stalr unicr uniférna load with central
angle 720 dcgrees only./The dinput data Y, Hiy Rpy Ryy h are re-
quired for the vrograpme. Tabulatced valucs of the internal forces

arec shown in Table 4.

M
@
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Vertical delflcection -

The wertical deflectionn”of the helical stair are
determined by unit load method . In theo analysis, a unit vertical
load is applied.,at any point ¥, an anglefj fron the lower suppert.
Then the defleetion at point P due to uwnit value of the redundants
and unit uniforn load are soparately calculated. By using the
principal of supcrposition, total deflcetion are obtaincd as
follow :

= 2 T DX
A D'iq}(’i + DP?-‘(?. + DP,‘.’}PJ -4 DIJ"'X!} + pj}\.,—

1

>

-

W L 134
+ DIJGA.G + D:_J‘.‘.’" PR oy Py e --_.(7)
he] = redundants at the lower support
Doy Dy = Vertical deflcction at any location g from
=4 E



Yrom cquation (7),

and given bhelow

L=

Dy =

W

where gy

Mpis fpy, 5 //oment about m-axis at any section due

23

lower pupport duc to unié value of rcdundants
ané unit wniform load respectively

the vertical deflection D . Drr arc determined

v y p
MrpUri ds +) Hsplsi ds + | tp ti ds

Y0 T L4 . - Lo %
0 ®BI, Y Elg O ag
fﬂ

¢ @
Mrpliry ds { Msplisw ds + ( ltpmtw ds
B o Blg GJ

) !0

-

to unit vertical/ load @t p , anit value of rcdundant b€

and unit uwniform load nuspectively.

n___e M

si?

1
-v

= . moment about s-axis at any scction duc

™

i b L

to unit vertical Toad at o unit valuc of recdundant X
i ] 2

and unit uniform load resneetively.

Mgy WMgiy Mg, = Torsional moment about t-axis at any

section duc

L, and unit

Table ITY:

to unit vertical load, unit value of redundant
?

wniform load respectively

Internal forco due to uvnit vertical load

at location £ from lower cunport

Internal

ixpression of internal forcee duc to unit vertical

(oFs]

Torcem

0£8& @ B£e<sy

iy . h‘ Rosin (@ - p)
Tlg . Liysin o([‘l ~ cos(8 - p)]
. ] nig _ . Roconex [“I ~ cos(e -~ fa)] |




The 7ollowin; eqguations below are t

rtical deflcetions at

v
L
=
(9]

any location B from lower support duc to unit valuc of redundant

and unit uniform load.

5 -
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Fig 2 M
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. 2 s
526 ) + tan2o.( sin ( 67~ 65in26 -
Pra
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( sinZe « ec 527 ) - B2 sineq | tance ] cosb + 65in€
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Sosf 83 ‘.ﬁ
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2 L I G
. = 2
copb + € ( 2piné 4 BlnP) - 67cos B - €sin(2e - B)
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o
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2 R :
.2 cosot || sinle P) < 5in(26 - g ) + 5in® - 8( 2 +
GJ -t L 2
-4
cos g )J
. I . 2
Dy = & A J|ginias o B ) = fcosp ] +2_ sink
2 EI, cosx I 2 1 Elg cos =
2 vy - #
Ro - I V=3 ml . = A
+ cos /| | 5in@ = 'Ccos - sin(20 -3 )‘
I g e e
GJ ' i
2 g 7
Dps = K2 1 14 cosascqu; ~ sing ( © + sin20 )|  +
B 21, cOoBp I3 v _]ﬁ s
2 2 - -
r?E Eiﬁiu 22 coso‘l[cos(ze - £ ) « Osing - cosﬁ]
i . e i L
Ll Conm: iJ | L L 2 g: /8
b 5 § .
D = : 5in o ~ 22 sin G in6co + cos@si
DG = o 2l Gl E s nps =3 LJF_', d [o}57 lnﬁ
3 LT, as i

In this study , computer is uscd to calculate the vertical

deflections and shown in Appendix B. The value of horizontal anple

af

# coual 4%l radians is first substituted into the cguation in order

to shortcening the programne.

2.7 FPrinciple of symmetry

In the previous analysis, the hclical stair was

analyzed as a threc dimensional structure indeterminate to the



pixth degrec. This nethod of analysis can be applied to any type
of external load, In the casc of oxtcrnél load is uniform load on
the whole staircasc, the principle of symmetry arc uscd. By sclect
~ing the redundants at wmid s»an, all but two of the redundants
¢quel to,zero, Yhe hoeliecal stair is then reduced to a structurc
indeterminate teo the second desrec. This sreatly simplified the
analysis, liorgan, liolmes,; Scordelis and Bergman take advantagze of

syume-ry to analysce the helical—stair.
2e7+1 Morgan's method

Fig., € i6 Ahethorizontal »nrojection of a helical
stoir with uniform loadingy fixed at both ends. The stairs are
cut at nid span as shown-dn-Fig-?. A doullc arrcwhead repreoscnts
a moment vector, tRsdircetion—of—tiic vector being cstablished by
the lcft hand rulc.lBach halfthen beecomcs a statically determi-
nate structurc. The goneral ecquations for bending moment, twisting

monent, axial fored'and shear fTorece at''any section are :

]
My, = ligcos6q + IRpOqtanc<singg = WRI{1-cos8q) (3)

= M_sin6.sino’ - HD ol B o TR i "
I% = Fw31nﬁ1ﬂlnd HuatanL.C0u€1ulnﬂx I3 %51n9100o0&

ra

R2sin€, - YR,R 3in o
+ v sing, h11P261 ) sinet (9)

il

I = (N sin€1 — HR281c0301tano<+ Uﬂasin61 - HR1R261}cosuA

% v
+ HIL.siné. si 10
HI,sine  5in o (10)
Qr = uIIsin?,Ico;-z X - ’1'!].{1 ‘,Isin K (41)
[;S = '-.51?15-‘-1005!;’4 - 'l'fsine,lr;:in-.?{ d (12)

Gt = H cosbq (13)
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Bottom of stairs Top of stairs

Fig 6 : Horizontal projection of helical stair
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Positive direction of redundants ond stress
resuifonts for upper hoif of the sioirs
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congidering only thc cffect of bending moment and twisting moment,

the strain energy stored for one-half of the stairs is
g2 2 2 2
(Mr + M5 4+ Mt ) ds

{
U:E
10 2ET, 2FIg 2GJ
vhere
gs = 299
coser
W = uniform loading per horizontal projected length of center

line of load
Taking the derivatives with respect to My and H, and setting them

equal to zero, i.c.

(e s S N
2U= | [..._ D)o Ple + Np DV} R288 = 0 (ah)
M, o EI,. oM BIg oM, GJ QM cosox

2/2
4U = ]' [}_VI_;: Blr « Mg 2lg o Mz @Mg] Rod8q _ o (15)
[@: o LEI, 28 EIg PH GJ © HJ cosck

From equation (14) and«(15), the following simplified
equations are obtained

My [_GI(m + 0.55in204) + sm |+ H |- GJIkR, tane(+ skR,tan ok + R,sinek
T T 2 2 2
g b

cosexm(1 - GJ)| + VR, L GJ Rq(m + O, 55in26, - ulne ) + Rqms +

LT, | LT
nRas i = .6 (16)
- 3 92 .
[ GI k + sk + (8 -~ G }m1 + H[VGJ 12tan:x( “l -1 51n281
E 'Iﬁ ot I—'Ir 2 -3 &
18 7 2
- 2k ) + BX2tan o€ (97 + ©15in2e. + 2k) + (s ~ _GJ) 2KR,tan of +
2 B i i BT

mRacosaci(tan.o(+-_§£ cot of )l+ Wﬂq _GJ R (n - k)‘+squ** SR
% EI{3 - EIr

+2n) + (8- GJ) nR, + (s - GJ) nRz-‘ (17)

EIB EI

(6 51n9q
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vhere k = ©qco820q = ﬁin261
N N Tl
L (5]
o =8y 2 5in2e1
o ittt
- L
1 = 9100591 - sin$1
o 2 . W=l D
S = co3 X + GJ sin=X
BT
and €1 = g/2

Gaquation (16) and (17) may he rewzitten as follow @

bqhv “+ 01H + d1 & 0 (18)
boM + o H + = 0 (19)
In which bq, Cqs dq, 52, o9 and d2 represent the cor

reoponding cocfficients of mimiltancous cquations (15) and (16)
Solving equation (18) and (1%) simultancously for i
and I, 5hc-a two »gdundemts—con be obtained, and the stress re-

sultante at any secction can then be determined by substituting the

valuc of M and H in cquation (8) to (13).

2e7e2 Computer progiaumc

The solution of the internal forces analysed by Mor-
gan's mothod are calculated by computer. The drogramme is written
in general form and it is applicable directly to any fixecd-ended
helical stair under uniform loading. In Appendix C to F. ave the
computer programmes which are written by using Morgawn, .Bergnan,
Holues and Scordelis nethod respectively. The results are shown in

- (o}
Table 5 to 0 ¢
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Table 4: Values of moments and forces
Angle My Ms Mt r | ' Qs ot |
degreed (kg - m)| (kg - m) | (Kg - m)| (Ka) %(Kg) (Xg) -
0 3378.45 | -3257.71 | -8573.53| -986.29 _§345.78 -3551.23
40 436,80 |-3496.36 | =7059.84] -755.5%| 8082.16 i-3?49.28
80 58,60 | =3779.28 | =6664.73| =171.27| 6923.92|.=3670.03
120 -350,40 [-3703.48 | -6861,03] 493.14| 5927.10 .-3165.93
160 129.28 | =3099.92 -?018.6é 926.81| 5072.25| -2288.24
200 1095.72 | =2104,57 -6678.4{ 926.81| 4273.47| ~1262.98
250 2096.71 | =1059.68 | ~5674.57| 493.15| 3418.62| -335.28
280 2841,34 | =307,75 | ~4091.51| =171.26| 2421.81 118.82
320 3255410 3492 | “2131.69| =755.54| 1263.57 198,08
360 5378tk ~ 0.00 0.09| -986.29 0.29 -0.05
Loo 3253.13 -3 7k 2131.71| «755.55[-1263.67| =198.02
Lo 2841.39 | 307.93 | 4091.57| -171.27|-2421.91| =-118.78
480 2096,76 | 1059.87 5674.69| 493.14|-3418,72 385.31
520 1095.,76 | 2904.75. | 6678.51] 926.81|=4273.57| 1263.01
560 129.29 | 3100,09 7018, 74| 926.81]|=5072.36| 2288.26
600 ~350.42 | 3703.67 6861.,16| 493.16(-5927.19| 3165.96
G40 58.54 | 3779.47 666L,81| =171.25|-6923.99| 3670.06
680 436,75 | 3496.55 | 7059.85| -755.64|-8082.26| 374932
720 3379.41 3257.86 8573.54| ~986.29 -9345.87| 3551.28
Remark: /Angle measured from the lower support

=
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Table 5 : Values of moments and forces by Morgan method
Angle M M My Q. Q, Q
degrees (kg-m) (kgem) | (kgem) kg kg kg

0 3379430 0,00 04004 ~987.99 0.00 0,00
20 3348.?2 ~24,91 11076 321 ~920.41 ) -639,37 | -118.60
4o 3254419 =520 [ 2132,37] =756485 [=1264427 | =199.09
60 308844 96479 | 3146,20f  ~L:93.99 |=1861.97 | =207.98
8o 2842 ,04 305405 [ 4093412] =171,56 [=2423,03 | =120.40

100 2511494 629.84 | 4946,05 171456 [=2942 .40 76489
120 2098,28| 1058,26 | 5677.28 493,99 [=3420,11 383,89
140 1616.68| 1563,44 | 6261.85 756485 |=3861417 787437
160 1096461| 210447 | 6681,97 928,441 |-14275,02 | 1262.45
180 582¢12| 2633419 |6931,93 087499 [=k674 40 1??5,6#
200 128479] 3101430 | 7022,35 928,41 |=5073.79 | 2283.82
220 ~202423| 3467.85 | 6983413 756485 |~5487.64 § 2763,90
240" | =352,32| 3705469 | 6863493  493.99[-5928.70 | 3167.38
260 274479 3806417 | 6731.06 171456 | =6406,40 | 3474,38
280 56412] 3781419 | 6666.09 =171456]=6925.78 | 3671467
300 637483 3662431 | 674971  =493,99[=7486.83 | 3759426
320 1435,291 3496497 | 7059477  =756485[ ~808k,5k | 3750457
340 2380490 3342,19 | 765644 =928.41| =8709.4k | 3669.87
360 3379430 3256468 | 8573427 =987.99| ~9348.81 | 3551427
Remark : Angle measured from mid point of center line of step
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Table 6 : Values of Moments and Forces by Bergman method
Angle M, M Qq
degrces (kg~m, ) (kgrm, ) (kgs)

0 3522,62 0400 0,00
20 3425433 1218.26 =555.43
Lo~ 3145421 2369497 ~1110,87
60 2716403 3596.61 ~1666.30
80 2189,57 h25h 75 ~2221,73

100 1629432 Loa1.27 ~2777617
120 1102485 5396413 ~3332460
140 673467 5702,58 -3888.03
160 393455 5883490 i 1% 4
180 296426 5998.68 ~%4998490
200 393455 611347 ~555k433
220 673467 6294479 ~6109.77
2ko 1102485 6601419 -6665420
260 1629431 7076.09 -7220463
280 2189456 7742 .61 ~7776407
300 2716,03 8600474 ~8331450
320 3145420 9627438 ~3886 493
340 3425433 10779409 ~9hk2,37
360 352262 11997435 -9997.80
Remark : Angle measured from mid point of center linec of step




Table 7 : Values of loments

34

and Torces by Scordelis method

Angle Mr ; Ms Mt Qr Qs ' Qt

degreed (kg-me) | (kg-me)| (kg-m.) (kgs) (kgs) | (kgs)
0 3414 ,58 0,00 0,00 ﬂh-987.88 004 0,00
20 3331,85 ~20.48 1 1087.56 | ~928.31 {. w639.27 118,55
ko 3281413 313 | 215348 | =756.76 [~1263,98 =199,01
60 3105489 108,03 1 3174,59 | 493,94 |-1861.59 ~207.87
80 2848 64 1 310,66 | 4125432 | =171,55 {-2422,43 -120.27
100 2505432 642469 | 4978.09 17155 |-2941,64 77.03
120 207998 1069461 § 5705419 | 493,94 1-3419.16 384,01
140 1588,82 1571494 | 6282.13 756476 [=3360,04 787,45
160 106247 2109411 | 6692403 028,31 |=4273,72 1262,49
180 S5h5474 263341 | 6930436 987480 |~h672.93 1775.62
200 Ok o 16 3097.,08 {7009.13 928431 [~5072.,12 2288,76
220 ~230.45 | 3459.68 t6959.61 756476 [~5485,79 2763.70
2L0 =371e12 | 369%.55 [6832.67 | 493494 |-5926.67 316742k
260 ~28149 3793438 16696,3% | 171,55 [-640k,2Q 347k,22
280 61435 3768427 16620426 | ~171454 |~6923.41 3671,52
300 654,78 365081 |671755 | =493.94 |=7484.31| 3759.12
320 1461465 3488425 17034.78 | 756476 [|-8081,85| 3750,26
340 2413,83 3337429 |7641,27 | ~928.31 [-8706.60| 3669,81
360 3h1k,57 3256418 13569,28 | 987,88 [|-9345,83 3551425

Remark : Angle measur ed from mid point of center line of step
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Table 8 : Values of Moments of Forces by Holmes method
Angle! Mr Ms Mt Qr Qs Qt

degreefls (kg-me) | (kgeme) | (kg-m.) (kgs) (kgs) | (kgis__)_
0 3347429 0.00 000 | =980.92 0,00 0,00
20 3314,00 |  =17.02 | 1088.62| -921,77 | ~638.50| -116,.28
4o 3211.71 9.54 | 2155.2h4 | 751,43 [-1262.62| ~194.7k4
60 3034421 116447 | 3176,43 | «490,46 [=1859.72! =~202,10
80 2774450 | 327,88 | 4126443 | «170.34 [=2420.4| =113,69
100 2429304 651435 497?372 170433 |=2939476 83.65
120 200242 | 1076.43 | 5702477 | 490,46 |=3417,70| 389,90
140 151123 | 1575490 | 6277443 | 751443 |=3859.25] 791493
160 986431 | 2109461 | 6685429 | 921477 |~4273478| 1265,06
180 472,02 2630,34 6922426 | 980492 |=4673.93| 1776.01
200 25011 | 3090486 | 7000.82 | 921477 |-5074409| 2286496
220 ~295.23 | 3451423 | 6952.47 | 751.43 |-5488,62| 2760.09
240 ~431,42 | 3685,12 | 6828.22 | 490,46 [=5930.17 3162.12|
260 ~338,61 | 378442 | 6695.91| 170.34 |-6408.11 3&68,38
280 6,84 | 3761,21 | 6634.82 | =170,33 |=~6927.43| 3665,71
300 600437 | 3646485 | 6727,48 | ~490,4t6 |=7488414| 3754,13
320 1405.2h | 3488419 | 7049.73 75143 [~8085.25 3746.76
340 2352480 | 3341,41 | 7660417 | =921.77 [=8709.37 | 3668431
360 3347.28 | 3264419 | 8590435 | =980.92 ."934?'87 355203

Remark : Angle measured from mid point of center line of step
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