Torsion Properties for Line Segments and Computational Scheme
for Piecewise Straight Section Calculations
Closed Thin walled Sections

the new material consists of the "corrections for ® and Qw

A = enclosed area

definition of ,
. . jo A
hd ( 1 d 2-A [ 1 d b
w - S — ——- pu— S= . — ds
a0 =fn D ¢ T o2a ) b as ( Las
C C 0 ( 1 0 t
2-A t) —ds

w' AY
Z . if we define

segment
length:

circ_integral = Jf Z

S

we now need calculation of the enclosed area A in this expression
area of triangle determined by two points and the origin:

area = arcal + area2 — arca3

y xlyl y Lyl y xly! y xlyl
x0y0 x0,y0 area? x0y0 x0y0
rea area3d
00 X 00 X 00 X 00 X
1 1 1
areal = —yl-x1 area2 ;= —(y0 +yl)-(x0 — x1) area3 := —-y0-(x0)
2 2 2
= - -1 1 1
area ;= areal + arca2 — area3 area simplify —> —y0-x1 + —y1-x0 area_2_pts_origin := — (y1-x0 — y0-x1)
2 2 2

area between three points:

| yl arca = i-(yl~x0—y0~xl) —l-(y1~X2—y2~x])
l 5 )
red 0,y0 = Ly 130 - y0x1) + L (y2x1 —y1x2
X ,y arca ~—?(Y X0 - y0-x )+E-(y x1 - yl-x2)
X2,y 2 1
ly etc......... area_enclosed := EZ (Xi'YH—l _ Xi+1'Yi)
i
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2area_enclosed Al; . .
and is linear along line

for a straight line segment p . = constant Ao, =p -L-
¢ ¢ circ_integral

see torsion properties (open) for derivation of pc part:

X1 + Xg 2area_enclosed Al

A0 = 2 '(Y1 - y()) - 2 .(Xl - XO) - circ_integral T

2area_enclosed Al; o .
xm = mid-point

Aw, = xm-(Ay) — ym-Ax —

circ_integral AX = x1 - X0
Ay =y1-y0
S S
dQp = dop = hpy-ds = Qp(s) = J hpy ds = J he— xp-sin(a) + ypy-cos(a) ds
0 0

calculation of QD and wD aka w identical to open AQp(s) = Avc— XD'(yl - YO) + yD'("l - XO)

if we set Qp,, = 0 at the start of a line segment, then O, = Qp, + AQp

calculate "centroid" of warping wrt shear center:

A
gy _ Z Qap (”Dj = QDj ~Qpeg
AQQDi = ?(QDi + QDM) Qpgg = — t.(51 .
Lyop = T-[z-(xl-le +x( @Dg) +xg-0D} +xp-wDg]
I, = M{(mm)z + oDy oD, + (mD0)2:|
) t-(s1 - so)
Leop = T-I:Z-(yl-le +Yg-@Dg) + ypr @Dy +yj-wD]

first moment of © needs "correction" also

i i r Q, ds
Q, ds ) J . .
T, thus a "correction” ————— is applied to Qe for
q(s,x) = —|Qpy —— f 1
I(n(n | —ds
i ds J t
J t
L i the closed section. the o is for the closed section

(with it's correction applied)

first calculate o as open which we did above, now calculate J[ Q,, ds

we know Ao is piecewise linear over s ( Am = hD*As as hD constant over segment) thus over segment:
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_Y17Yo (Yl —Yo)

| —
(DO’SI’SO’t (

ol — o0 col—(oO\\ y = ‘X+Yyg—X
o(s) =| —— s+ o0 - s0-| —— _ 070 _
{ sl —s0 ( sl —s0 )} *17%0 (Xl XO)
S
Qup(®) ::J o(c)-tdo +Q
sO
* 1l ol -0w0 o 1 2-®0-s1 —2-50-wl 1 —s0-o1 — ®0-s0 + 2-®0-s1
o(o)-tdo collect,s - ———t:s" +— t-s ——-s0 t
<0 2 sl1-s0 2 sl —s0 2 sl —s0
1
¢
| J o(c)-tdo +Q
0
AQ,(s) ::J| i ds
t
sO
sl
( -1 (01 -w0) 2 1 (2:00-s1 —2-s0-wl) 1 (s0-o1 + ®0-s0 — 2-®0-s1)
| _——ts - — ts ——-s0 t+ Q0 imolif
| 2 (-sl+s0) 2 (—s1 + s0) 2 (sl +s0) Stmplily
J t collect, t,Q
sO
copied from off the page:
1 1 -1 2 1 1 Q0
=> — ol +—~w0\~s12+ — ol ——~m0\~50~s1 +|—owl +—-c00\\-s02 + (sl - sO)-—O)
6 3 ) 3 3 ) 6 3 ) t
_ Quo (1 ) )
= (sl -s0)- +|— ol +—0 (sl —s0)
t 6 3 )
. o 1 s1—-s0) 1 )
a reference Heins calculates this increment as AQ (s) = E(Q‘”l + Qmo)‘ _} +E.(mo — ol)-(sl - 50)
t

it can be shown that these are equivalent, but it is not obvious what motivated the second form

from open development:

1

Qg1 = Qo + — (@1 + ®0)-t-(s1 — s0) linear => area is half end-point *t* distance, t constant
2
1 (1=50) 1 o simplify Do) 0\ 2
— + — +_. - . - — +_. . +
2(Qo)l QcoO) ¢ = (00 — 01)-(s1 - s0) collect,t,QmO,sl,SOH P o 3 co} S

copied from off the page: (it is the same as above)

_ Q
l~col +i~w0\~s12+ —1~w1 —£~m0\~50~s1 + i-ool +i-0)0\\-s02+(s1 —sO)-—(DO
6 3 ) 3 3 ) 6 3) t

)
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J Qg ds

Qco_corr

correction is then:

.

| —ds

J t

or....

Al = 81— 8

and .

or....

S; _SA\ | |
S Q 4+(_'(Di+1+—-wi\(si+1—s1)2}
i i

6 3 )

Z Si+1 — Si
t;

S —S \
(leﬂ + Q(Oi).[ +lt- 1) + ((Di _ (Di+1)(si+1 _ Sl)2:|

z Si+1 ~ Si
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