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Practical Calculation Formulae of Parallel Chord
Vierendeel Trusses with Constant Stiffness
for Full Loads Derived from *“Differenzen-

gleichung” Method.

By
Tadaaki SarAr,

(Received September 19, 1939.)

INTRODUCTION.

With the increase in the actual use in construction of frames with
stiff connecting joints, composed of rectangular elements, the proper
treatment of indeterminate stresses has been given considerable atten-
tion in recent years.

The Vierendeel truss is one of the important examples of such
frames. Many authorities have presented various methods of solution
for the Vierendeel truss from the standpoint both of accuracy and of
rapidity.

For the solution of the parallel chord Vierendeel truss with equal
values of stiffness for all the members, comparatively simple methods
have already been proposed by Dr. K. Kriso* and T. Nakajima, **

However, as compared with the calculation for statically determi-
nate structures, even their methods still require rather complicated
calculation.

The author’s thirty six new formulae proposed in this paper give
quickly and directly the end moments, direct stresses and shearing
stresses in any members and even the truss deflections for parallel
chord Vierendeel trusses with equal values of stiffness for all the
members and with full joint loads having equal intensity. These
formulae were obtained from the application of the ‘differenzen-
gleichung’’ method.

# K, Krigo: Statik der Vierendéeltl‘ﬁger.
xx T. Nakajima: Vierendeel Trusses of Parallel Chords, Civil Engineerings, Japan,
Vol, VI, No, 8, 1937.
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The grade of accuracy of the results is quite the same as by the
slope deflection method and the proposed formulae are also applicable
for the preliminary design of Vierendeel trusses of different stiffness
in the case of full loads.

The author gratefully acknowledges indebtedness to Prof. T
Takabeya.

I. PRACTICAL CALCULATION FORMULAE.

In the parallel chord Vierendeel trusses with equal stiffness values
of K for all the members and with full joint loads having the equal
intensity of P as shown in Fig. 1, one denotes by

I the height of the truss,

A the panel length of the truss,

n the total number of panels in the truss,

Mz, Mz, the moments at the left ends of the m-th upper
' and lower chord members respectively,

M,pry My, the moments at the right ends of the m-th upper

_ and lower ‘chord members respectively,

M,..., Mz, the moments at the upper and lower ends of the

vertical member m—m respectively,

N,., Nu the direct stresses in the m-th upper and lower
chord members respectively,
Qs U the shearing stresses in the m-th upper and lower

chord members respectively,
@m.» the shearing stresses in the vertical member m—mni.
Ym  the truss deflection at the panel joint m.

Then, from the results described in the following article the
“ Practical Calculation Formulae” are proposed for the simple and
speedy calculation of the end moments, direct stresses, shearing stresses
and truss deflections as follows :

Left End Moments of Chord Members. Coefl.: —P-2

My, = 014088 n—0.1819 ... i e (1)
My, = 0127020—045651 ... . . . i P {(2)
My, = 012525 n—0.7079 .o (3)
My, = 0.125047—0.9586 ......... TR (4)
M,., = 0.125n—0.25m+0.0416  for 4<m<n—4 .... (5)

J gl & D,/[m.[ B R I S S R S P R S S ( (;)
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Right Fnd Moments of Chord Members. Coeff. : —P-2 1
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My, = 0.109120—0.0681 ... 0., (7)
M., = 012298 n—0.2049 .. .. .. (8)
M.y = 0128765 —05421 L. (9)
My, =0.124950—0.7913 ... (10)
Moy = 0126 0—0.25m+0.2083  for 4<m<n—4 .... (11)
P (12)
End Moments of Vertical Members. Coeff.: P:2
My, = 0.14088n—0.1819" ... ... . e (13)
My, =0.23614n—0523L ... (14)
My, =0.24828n—1.0028 .. e (15)
My, = 0.24979—1.5007 ............... R (16)
My, = 0.240960—1.9997 . i e (1
M,.,=0260—05m for 4<m<n—4 ............ (18)
My = Moy e e e e e (19)
Direct Stresses of Chord Members. Coeff. : Phl
Ny =0.28176n—0.3639 .. ... e (20)
Ny =075404n—1.4102 . .. e (21)
Ny = 125051 n—3.4158 oottt (22)
Ny =1.75009n—06G.4173 .. i e (23)
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N, =(2-0. 95) n—_m(m 1)—0.4167

for 4<m<n—4 ..... (24)
A e, (25)

Direct Stresses of Vertical Members. |

Ny = ’L}lp for lower joint loads ................ (26)
No., = 7%1]3 for upper joint loads ,.......... PN (27)
Nopw = — Z; for lower joint loads, for 0<wm <a .. (28)
Nopew = ‘5 for upper joint loads, for O<m<n .. (29).

Shearing Stresses of Chord Members.

Qu = Qm = (0.25n4+0.25—0.5m)P .. ..oooviueinn.. (30)

Shearing Stresses of Vertical Members.
Qo = *%Mm .................................... (31)
Truss Deflections, Coeff. : Eis
, LK
Yy = 0.05225n—0.0796 ... ... (32)
Yo = 0.113450—0.2692 . ........... ST (33)
ys = 017578 —0.5820 ... .. (34
Yo = 0.23826n—1.0194 ..o, (35)
Y = 0.23826 0+ 0.0625{ (m—H)(n+ 1) —m(m+ 1)} +0.2305
for 4<m<n—4 ..... (36)

In regard to the conventional signs of the quantities used in the
equations, the sign of the direct stress indicates the properties of the
stress, so a plus sign will then signify a compressive stress and a
minus sign a tensile stress, while the sign of moments and shearing
stresses is considered positive when those stresses tend to cause a
clockwise rotation of the member. ‘

Since a truss and its loading are symmetrical about the span centre,
‘it is sufficient to make the calculation for the half of the truss, i.e, on
the left side of the span centre,
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These ¢ Practical Calculation Formulae’ remarkably simplify the
calculation of the Vierendeel trusses with constant stiffness.

For example, the direct stresses in the upper chord members of
the parallel chord Vierendeel truss with eight panels and with full
lower joint loads having the equal intensity of 1000 kg are calculated
as follows: ‘

This truss is assumed to have equal values of K for all the mem-

bers and A 1.
h

In this example,

n =8,

P = 1000 kg,
A

h

Substituting these values into the Practical Calculation Formulae
(20) to (23), the direct stresses in upper chord members can be instantly
obtained as follows:

Ny = (0.28176 x 8—0.3639) x 1000 x 1 = 1890 kg (1890)
N, = (0.75404 x 8—1.4102) x 1000 x 1 = 4622 kg (4620)
Ny = (1.25051 x 8—38.4158) x 1000 x 1 = 6388 kg (6590)
Ny = (1.75009 x 8—6.4173) x 1000 % 1 = 7583 kg (7580)

The values in brackets are those calculated by Dr. K, Kriso.

II. DERIVATION OF PRACTICAL CALCULATION
‘ FORMULAE.

1. Assumptions.

The analysis in this paper is based upon the fellowing assumptions

(1). The stiffness values of members, i.e., the values of moment
of inertia of section divided by length are equally K for the
upoer and lower chords and kK for the vertical members.

(2). The truss is loaded with P at every joint, whether lower or
upper joint. A

(3). The connections between the vertical members and chord
members are perfectly rigid.

(4). The length of a member is not changed by direct stress and
the deformation of a member due to the internal shearing
stress is zero.
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2. Fundamental Equations of Slope-Deflection.

According to assumptions (3) and (4), the moments at the ends
of the member are expressed by the well known slope-deflection
equation :

In this equation, one denotes by

M, the end moment at A4,
k the modulus of elasticity of the materials,
6., 6, the joint-rotation angles at the ends 4 and B respectively,
Ko the stiffness of the member i.e., the moment of inertia of
the section divided by the length of the member 4B,
R the member-revolution angle,
24
Oab = lib
gram of a simple beam 4B due to intermediate loads;
la = length of the member 4B; &= distance of the.
centroid of the area A from the end B. -

(8¢—Ily), in which 4 = area of the moment of dia-

The conventional sign of the quantities used in the equation
require further explanation as follows:

The end moment of a member is considered positive when it tends
to cause a clockwise rotation. The joint-rotation angle is considered
positive when the angle has turned clockwise, measured from its initial
position. The member-revolution angle is also positive in case of revolu-
tion in clockwise direction from the initial position of the member.

In ordinary construction of trusses, panel points carry all the loads
and the chord members carry no intermediate loads. In consequence
of this loading condition, the load term C, vanishes in equation (1),

Putting in equation (1)

2E0a = P, 2E0[, =, —6 oy = Pop Oab =10
the slope-deflection equation hecomes

]l[ab = I(ab<_2q}a+§0b+ q]ab) .................. ( 2 )



Practical Caleulation Formulae of Parallel Chord Vierendeel Trusses 337

IFor the member which has no member-revolution angle, the term
¥,, vanishes and the slope-deflection equation becomes

My, = [(ab(zq)a + (7)(,) ........................ ( 3 )

In Fig. 3 the intersections of the neutral axes of the chord mem-
bers with the neutral axes of the vertical members are denoted by
0,1,2,...,m—1,m,m+1,...,n for the upper chord panel joints
and by 0,1,2,...,m—1, m,m+1,...,n for the lower chord panel
joints, beginning at the left and reading toward the centre.

T~ Mrmsr
e
ik /7”1 5
0 ok 7 ok 2 K m-7 Km(t‘,/(:f,\m”
I i ,},mez"
i)
#K #K L 4K 1 K
— _ - 1 [ Mm, . 575
0 K 7 A 2 K n-7 K K
!
P P P P P P,
ax
Fig. 3.

Assumption (4) makes the value of @ equal both for an upper
chord member and the lower chord member in the same panel.

Therefore, A
I e (4)

where, ¥, and ¥, denote member-revolution angles of the m-th upper
and lower chord members respectively numbered from the left support
of the truss, that is, ¥, = V1., and ¥y = Prv.;.

For all the vertical members the value of % becomes equal ac-
cording to the same assumption and moreover this value is zero in
the case of symmetrical loadings as the case mentioned in assump-
tion (2).

Therefore,

| (5)

Next, when the chord sections are designéd in order that the
value of stiffness for the upper chord member may be equal to that
of the lower chord member in the same panel, as the truss mentioned
in assumption (1), the values of @ at both extremities of each vertical
member become equal.
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Therefore,
P T Pt it e e e (6)

Thus, the following relations are also given:

BI’m sm—-1 = ]‘Iﬁrﬁ

I”m‘- m+l = ﬂ/[,,’,z MEL [ e e ( 7 )
My = My

Therefore, in the special case such as the truss mentioned in
assumption (1), the treatment of the problem become very simplified.

3. Joint-Equilibrium Equation.

At any panel joint m excepting the joints at the extremities of
the truss one gets (Fig. 3)

Moy oii1 = K20+ Ppyii+ Pns)
M, =3kKe, 0 (8)
My -1 = K@+ @+ )
Substituting these into the joint-equilibrium condition
Mymirt Mgt My =0 oo (9)
one gets the following joint-equilibrium equation:
P14 H3E)VP o+ Prsr F Wy F Vi =0 oLl (10)
At panel joints 0 and =, .

]u—()]_ = ]\’(2(])() + g1+ 11”1) 1

—_—
.
.
—~
[y
—i
~—

and 7 '
A[n en-1 = —[((2(7)11, + Pn-1 + y)n) 1
M,.; =3kKe,

Substituting these into the joint-equilibrium conditions

My+Mg =10 . i e, (13)
T e e (14)
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Joint-equilibrium equation at the extremities of the truss are obtained as
follows :

(243E)Po+ @1+ =0 (15)
43P+ Py 1+ W =0 (16)

4. Panel-Equilibrium Equation.

As shown in Fig. 3, imagining two vertical sections very near by
panel points m and m+1, one gets the equilibrium condition of the upper
and lower chord moments :

ﬂ[m cme1t ]l[m+1 m+ -Zlfn{ Tmii T ﬂ[:ﬁ_f wt Sm+1 A=0 ... (]7)
or using the relation of (7), this condition becomes
2(]'[)71 s m+l + jifmﬂ . m) + Sm+1 A= O ............ (18) .

where S,,,; denotes the shearing force for the (m+1)-th panel numbered
from the left support of the truss and A length of panel.
While

ﬂ[m v+l = [((2¢wz+(p7n w17+ y}mﬂ) ]

[ (19)
-J/[mﬂ-l-m = ]((2¢)7n+1+q)m+ qjm+1)
Therefore, equation (18) becomes
3q)'m,"{"%q)m+1 + 211/"“.1 = _%}éii_ ................ (20)
In a similar way at the m-th panel,
Spn* A
BPp-1+3 m+2y]m e e e 21
3Pm-1+ 3 Ve (21

Equations (20) and (21) are called respectively panel-equilibrium
equations at the (m+1)-th and m-th panels.
Summing up these two equations gives

8Pmo1 6%+ 3Py i1 + 20 20y = — A (S 4800 ... (22
IR

At the panels of both extremities of the truss, the panel-equili-
brium equation becomes
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Spu+3gak 2y = =502 (23)
:))‘/)n-l + 3@77, -+ qu'n = - k?;};,& ................. (24)

5, Differenzengleichung of ¢.

Eliminating # from equations (10) and (22) gives

P (24 CR)Pt P = — g St S (25)

¥

This equation is a differenzengleichung containing a series of unknown
@ only. »

For the full joint loads having the equal intensity of P as re-
lated in assumption (1), shearing forces in the (m—1)-th, m-th and
(m+1)-th panels are expressed as follows : '

o+l
6)

4

Sp-1 =P { -—(m~—1) }

Sm+1 = P { ﬂ—;l

—(m + 1)}

where n denotes the total number of panels in a span.
Therefore
Syt S+ = Pln—2m)

Substituting this value in equation (25) gives

Pm-1—(2468) P+ P = — QPI’L (n—2m) ........ (25)
\S

Next, eliminating @, from equations (15) and (23) gives

—(L+6k) o+ gy = —*;}’[f ........... SRRRR (27)

or

(1 6E) Pt Py = — LA (1) @7
oK
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In a similar way, eliminating #, from equations (16) and (24)
gives

(LB P Py = — 2 .. (29)
2K
or
P, »
(1461 L= 1) e, 98/
(1+6k) @+ Pp1 4K(% ) v (287)

Equations (27) and (28) are the boundary conditions for the dif-
ferenzengleichung of (25).

6. Particular Solution of Differenzengleichung.

A particular solution of the above obtained differenzengleichung,
that is, the value of ¢, in the case when the local effect of the
non-uniformity of structure at the ends of the truss depending on
the abrupt change of the boundary condition is neglected, is obtained
as follows:

A particular solution of the above differenzengleichung is to take
the form ’

‘ P == OMAL o (29)

where ¢ and b are constants to be determined here.
Substituting this equation in (25/) one gets

a(m—1)+b—2+6k)am+b)+a(m+1)+b = — 7—5271?7(9?/—— 2m)
K

or

—6kam6— kb = _,P% R
<

Therefore

P

6kb =
’ 2K

N

or
___ Iz
6k K

fn

12k K
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Substituting these values in equation (29) a particular solution is
determined as follow :

Pm 1—;])5}? N=2M) e (32)
or
= /
P = L)]K(Sm_*'smu) ................. (32 )

In the special case of k=1,

Py, = 5;, (R—2m) i (321

Substituting equation (32’) in (21) one gets a particular solution
for the member-revolution angle ¥, as follows:

Smd
Py e— Sm + Sm Sm 20, = — =2
12k K(S *Snet) oy K( +Suns1) + 2 2K
or
A
Vi = “0m m __—“‘
]]m 5\[ (Sm~1+ S =4 S +1) é{K
While, from the relation of (26) one gets
Sm—l—‘LSm+l = ZSm
Therefore
_SwAl 1 1 ) o
27 = ’nl T ] ¢ 8 a6 4 6 0 e 6 s e s s s 0 e 3(3
Tn= = o T (35)
or '
P2 d 1\/n+1 e
T, = — N R0 33/
="\ 0 +4)( 5 ) | (3)
In the special case of k=1,
P) T 1 ¢
P, = et 77 S S 387/
W, 1k \ g 0}1—!2> SEREEE (33%)

Substituting equations (32/) and (33) in the equations

Mot = ]{(Q(f'm—l + P+ g]m))
ﬂ[m P 1((2¢'m + Pm-1 + 11]477,)’
M, ... =3kKe,
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the moment at the left and right ends of the m-th upper chord
members and that at the upper end of the Veltlcal member m—m
become as follows :

g1 ('1, 1N\ , 1 1
Moy =My = 2 S 1= = VS S . (34
! O N ) A DYy )
or ) .
My = M, ., = ~P)< u—%n,—%fr%) ............ (34)
P I 1o ) -
ﬂ[m-m— = ]l[m r = I 'm >Srn Sm 3
! o = A g1 4A )T e oy (35)
or
My 1 = M, ., = ——PA<—~N—~1 m+~—~1 + 1) ............ (351
: s 112k ’
Myro =M., = —i O R (36)
or ’
M, - =1 =P2<Ln—l~m) (36)
TG e
In the special case of k=1,
Mygoy= My = -Px((-_l—n,—im%——é%f) ................ (3477)
My = M, = »P/:G»n,—imﬁu45»r> ................ (35")
N mr 8 4 24
11
o —_pyf ot/
Mpm=M,., = IA(i =, HL> e (367)

The above obtained expressions of M, 1., Mpp.m-1 and M, .., ave
applicable in the case when the local effect of the non-uniformity of
structure at the both ends of the truss depending on the abrupt
change of the boundary condition is not taken into consideration.
But this effect is considered to be negligibly small for the end
moments of members whose situation is over about four panels distant
from the ends of the truss and therefore, for such members, the end
moments can be easily and directly calculated from the above obtained
fromulae. These formulae are all linear about n, namely the end
moments of any member vary linearly by the increase of the number
of panels in a span.
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7. General Solution of Differenzengleichung.

For the local effect of the non-uniformity of structure at both
ends of the truss, depending on the abrapt change of the boundary
condition, equations (82) to (36) which were obtained as the particular
solution of differenzengleichung of (25) are not applicable to the
members near the ends of the truss.

For the members near each end of the truss, unknown quantities
should be found from the geueral solution.

The general solution®™ of the differenzengleichung of (25), that
is, the value of @ in the case when the local effect of the non-uni-
formity of structure at both ends of the truss is taken into considera-
tion are obtained as follows :

A characteristic equation of the differenzengleichung of (25) is

P AABEY AT =0 o, (37)

Let f?l and v, be two roots of this characteristic equation, then
the general solution is to be expressed as follows:

q) m T E[_"')n + Oln/ 1?n + J’?,(Y?'m ................. (38)

where &, is the particular solution.

The second and third terms in the right hand side of the above
equation represent the effect of the non-uniformity of structure at
both ends of the truss and the coefficients C; and (s are ones to be
determined from the boundary conditions of equations (27/) and (2¥).

For the Vierendeel truss with equal values of stiffness for all the
members and with full joint loads having equal intensity of P, dif--
ferenzengleichung, particular solution, characteristic equation, general
solution and boundary conditions become as follow :

Differenzengleichung : P 1~ 8Py D1 = —%(n;—%n) (39)

Particular solution : T = 151 ~(n-—2m) ............... (40
Characteristic equation : V=8y+1=0 ...l (41)
General solution : " Py = ‘1%5;{;(%“2”%)4— Cyv+Cove™ ... (42)

* Panl Funk: Die Linearen Differenzengleichungen und ihre Anwendung in-der
Theorie der Baukonstruktionen. .
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Boundary conditions : —Tpy+ @y == ——5{(11, 1 ... (48)
~ Pz

— Pyt Py = 1 o 44

(Pt Pur =7 K(n ) (44)

Solving the characteristic equation of (41) gives
7= T.872083 )
Ve = 0.127017 f

Substituting these values in equation (42), the general solution in
the case of =1 becomes

@, = 1123 ;{(n—‘)m +7.872083C, +0. 1270077 C, ... (46)
or
. = 121{(" 2m)+0.127017-mCy +0.127017C; . ... ... - (467)

From this equation

- —&n%—CrFCz
» —15;,(12, 2)-+0.12701771Cy +0.127017C,
..... (47)
Pt = 161((2 1)+ 0.127017-1C; +0.127017-1C,
—_— 11;1*,%0 19701770, +0. 12701720,

Substituting these equations in the boundary conditions of (43)
and (44), the simultaneous equations by which the coefficients C; and
C, are to be determined are obtained as follows:

| f).87298i301—(3.87298302 ]é);((ownL 5)

—6.872983 x ).127017-"Cy+0.872983 x 0.127017"C, =
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Solving the above simultaneous equations gives

L= 0. 762()99 x (). 127017”—4 /‘73789 x 0. 127017 n 12](
(49)
_ c 7n '
C e 0.872983 +6.872983 x 0.127017 Ph (3, 1 5)

0.762099 x 0.127017»—4.723789 % 0.127017- 12K

Substituting the abovc values in equation (46’), the general solu-
tion is obtained.
In the expressions of C; and Cs,

0.872983 x 0.127017" ¢ 6.872983
0.872983 €6.872983 x 0.127017» b ... (50)
0.762099 x 0.127017" ¢ 4.793789 x 0.127017-n

Therefore the values of C; and C; may be simplified as follows :

1=

0.145497
0.145497 7 o,
0.127017 ”IZK(%L)) 1

Co = —0. 1—1()49{ =L (3n+o) J
Using these values, the general solution becomes

Py = {(n—Zan)—H) 14{)49/(0 12701 77~m—0.12701 7'”)(3%4—0)

12]’

In the case when the total number of the panels in a span is
comparatively great, the above formula becomes approximately as
follows : :

oy 1d
In the case of m<~—2z )

Py = ‘)K {(n—ﬂ)n) -0, 145497 x 0.127017(3n - I~o)} ........ (63)

In the case of m>1:
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P;\ o r g Pty v =\
= =2 {(n—2m)+0.145497 x 0.127017"(3n+5)} ...... 54
P = (o ((n—2m) (n+5)) (54)

Equations (53) and (54) are the formulae which give the values
of joint-rotation angle in the case when the local effect of the non-
uniformity of structure at the ends of the truss is taken into con-
sideration.

8. Derivation of Practical Calculation Formulae
for @, ¥ and M.

From equation (53), the joint-rotation angles near the left end of
the truss become as follows:

Do = Jg (0.04696n—0.0606) ................ (55)
P — _
pr= S OOTTIn—01740) .. (56)
Dy = ,%40.08274%-0.3343) e D)
P)‘ [> =~

Py = - E(O.OSSQG?L——O.JOOI} ................ (58)
P2 Q Ayl

@y = —Kr—(0.0803277/———0.(/)66/) ................. (59)

In the case of m >4, the value of —(0.145497 x 0.127017")(3n+5)
in equation (53), that is, the effect of the non-uniformity of struc-
ture at the left end of the truss becomes negligibly small compared
with the value of (n—2m) and thereby the equation becomes

Gy = é};{ ( ')'Lf ) N (60)

This formula coincides with the already obtained equation (32/7).

Since a truss and its loading are symmetrical about the span
centre the calculation of the joint-rotation angle at the right hand
side of the truss can be omitted. '

The above formulae (56) to (60) have a very simple form and the
value of @ varies linearly by the increase of the total number of

panels in a span.
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The Author calls these formulae ‘‘Practical Calculation Formulae

of Joint-Rotation Angle”’.
Substituting these Practical Calculation Formulae of the joint-

rotation angle in equation (21), that is,

8(/)-)71,—1 +63(])m +‘2glm = “:;%
or o .
wm : '—%((pm—] +q)m)—_'"8£"[%“(n—2lnl-1) .......... (61 )

one gets the Practical Calculation Formulae of the member-revolution
angle of the members near the left end of the truss as follows :

vy o= — %»-(0.3135071‘_0.4775 .............. (62)
vy = —?-(03671771,—1.1350) ...... (63)
O V%—(O.S‘M()On—l.8766‘) .............. (64)
v = —-%’j—~(0.37487n—2.6252) .............. (65)
W, = — %\(0.375%_0.751,1+o.375) for m>4 .. (66)

Formula (66) coincides with equation (33'/).

In a similar way, substituting the Practical Calculation Formulae
of @ and @ in the slope-deflection equation the Practical Calculation
Formulae of the end moments of members can be obtained as shown
in the preceding section.

9. Derivation of Practical Calculation Formulae
for N,(J and y.

The relations among the end moments, direct stresses and shear-
ing stresses can he obtained as follows:

Make an imaginary vertical section near to joint m—1 as shown
in IMg. 4 and cut the upper and lower chord very near to the
vertical (m—1)—(m—1). Then, equilibrium conditions of S1H = ( and
NM =0 give:
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Np=—Nm ........ (67)
Ml a

P m;f - Myt =(Dur— N,

™ am mel -l = m—1 e ?/)

P (68)
where 9,,_, denotes the bend-
73 —_7*'\’%5'1 5 ing moment dut to the given
\VV;_ M 1oad system at the panel joint
y P P o m~—1 in the case when the
Tig, 4 trugs Is assumed as a simple

heam, '

Equation (67) shows that the direct stress in the upper chord
member is one of compression while that in the lower chord member
is tensile. Their absolute values are equal in the same panel.

When the chord sections are designed in order that the value of
stiffness for the upper chord member may he equal to that of the
lower chord member in the same panel, as the truss mentioned in
assumption (1), there exists the relation of* equation (7). Therefore,
equation (68) becomes '

‘ My = My = Q= V) oo (69)
or .
'*N-m = '%“(Sl)}'m~1_'2Mm. l) ................... ((39,)
2 .
In a similar way, one gets
Mm Ly = Mrn o T %”(Nm]l - ‘Demy) .............. (7())
or .
N, = —%‘(QMM o F W) e (70)

Next, considering two imaginary vertical sections near the panel
joint m and m at both sides of the vertical member m—m, the
equilibrium of forces acting on this vertical member and the relation
represented by equation (7) give :

I ra -
Mo = Mo = 5 (Nua—Np) oo (71)
Considering two imaginary vertical sections near both the ends of

the m-th upper chord member, the equilibrium of forces acting of
this member gives
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Qud = —(M,.;+M,,...)

Substituting equations (67) and (70) in the above equation, the shear-
ing stress induced in the upper chord member becomes

L

Sy D) (73)

Qm =

Also, there exists the well known following relation between 9%, and
S,. where S, is the shearing force in' the m-th panel in the case
when the truss is assumed as a simple beam :

Sh == =Dl eee i e (74)
Therefore ‘
Q= e e (72)

In a similar way, considering the equilibrium of forces acting on
the lower chord member one gets

. — 1 (3
Q= S e (78)

L

Considering two imaginary horizontal sections near the two ends
of the vertical member m—m, the equilibrium of forces acting on
this member gives

Qm'vh = _(va—*‘MTnv)

or

Q')n = —;Jl’[m VU e e et e s (74)

Substituting the relation of (71) in the above equation, the shear-
ing stress which acts in the vertical member m—m can be expressed
by the following equation, too :

Qm-v = N INpel e e e (74/)

At the last, considering the equilibrinm of forces acting at panel
point m, the direct stress induced in the vertical member m~7n, ex-
cluding the vertical members at the two extremities of the truss,

becomes
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_"l\rm-'v + (?r;z'—(gm*i—]): 0

or
~Nopow = Qvi —Qut+ P
or
—'lvm-v = %’(Sm+l‘—'*gm)+P
‘While, 7 '
SmH = Sm -P
Therefore,
Nonow = —-TI; (kension) ..., ..ol (75)

In the case when the upper chord joints are loaded and the
lower chord joints are free from loads, the stress in the vertical
member m—m bhecomes

>
Ny = ‘ZZ— (compression) ............... ... (76)

For two verticals at the extremities of the truss, the direct stresses
can be expressed as follows, considering the equilibrium of forces
acting at the joints at the extremities.

Ny —~~(Pz Fi)

*V'n-v = (R7 Pﬁ)

L\Dl-*

where R; and R, denote the reactions at the left and right supports
of the truss respectively and Py and P, denote the joint loads at
joint 0 and n respectively.

In the case when the upper chord joints are loaded and the
lower chord joints are free from loads, the direct stresses in the
vertical members at the extremities become

No.y = 5 (Bi+ )
R
Nyww = ?([‘”F +Pn)
where Py and P, denote the joint loads at joint 0 and # respectively.

In the above obtained relations, M, and §,, are to be given as
the known values for the given loading system. In the case when
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the lower or upper joints are fully loaded with loads of equal in-
tensity of P,

My = —Pln—1)ma ——P{ I+2+....+(m— '1.)},1

[y

N "

—pdt e L 1)
—PR{Qm(n 1) an(m l)J
or :
WM, = %—»Z”A’in(n_'m,) ....................... (79)

4

Regarding the value of S, it is expressed by equation (26) as
already mentioned.

Therefore, if the end moments are solved, all the other quantities
may also be determined and the shearing stresses in chord members
and direct stresses in the vertical member can be directly determined
by panel shear and joint load.

Substituting the Practical Calculation Formulae of the end mom-
ents into equation (697) and (70/), the Practical Calculation Formulae
of the direct stresses can be obtained. For the shearing stresses the
Practical Calculation Formulae are also determined using the above
obtained relations.

The Practical Calculation Formulae of the truss deflection can be
derived as follows : ' ]

Between the vertical deflection at joint m with respect to joint
m—1, d,, and the member revolution angle ¥, there exists the
following relation:

— Omd

lm = ])m'{ "
4 i or CR

Therefore, the truss deflection at joint M, ) 1§ ex [:)I’GSSOd as
’ | my
follows :

,]/'m. = % dm or _‘(38" % .I[/m ............... ((‘;O)

m=1 © 0Ly m=1

Substituting equations (62) to (66) into the above equation, the
Practical Calculation Formulae of truss deflection can he obtained.

Iivery omne of these Practical Calculation Formulae in the case
when the stiffness of all members is equally K is given in the pre-
ceding section., For the case when the stiffness is K for all -the .
chord members and kK for all the vertical members, the Practical
Calculation Formulae may be derived in a similar way if necessary.
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1. ACCURACY OF THE RESULTS BY PRACTICAL
CALCULATION FORMULAE.

In the actual caleulation, the Practical Calculation Iformulae give
very good results for even a truss with as few panels as three or four.
For example, in Table 1 there are shown the values of the direct
stresses by the actual exact calculation and the Practical Calculation
Formulae proposed in this paper. The values in a brackets are those
calculated by the Practical Calculation Formulae,

These results show that the result by the proposed Practical Cal-
culation Formulae have reliability to the fourth or fifth figures of
the number. ‘

Table 1.

P2
3

Coefl, :

Direct Stress in Upper Chord Meimbers
No. of Panels . -
in Span: n ]
R N2 Ny Ny Ns Ng
0.2143
2 (0.1996)
0.4839 0.8710
3 (0.4814) | (0.8519)
0.7636 1.6091
© 4 (0.7631) | (1.6060)
1.0451 2.5607 2.8402
5 (1.0449) = (2.3600) | (2.8367)
1.3268 3.1143 4.0878
6 [ (1.3267) | (8.1140) | (4.0873)
L 1.6087 3.8683 5.3871 5.8344
7 (1.6084)  (3.8681) | (5.3378) | (5.8333)
1.8903 4.6223 6.5883 | 7.5840

o

(1.8902) | (4.6221) | (6.5883) | (7.5834)
' 201720 | 5.3750 | 7.8387 | 9.3340 | 9.8335
9 (2.1719) | (5.8762) | (7.8388) | (9.3335) | (9.8334)

. 24537 | 61304 | 9.0894 | 11.0841 | 12.0834

10 (2.4537) | (6.1302) | (9.0893) | (11.0836) | (12.0834)
5.2718 | 13.6706 | 21.5944 | 28.5845 | 34.5835 | 30.5833
20 . (5.2713) | (13.6708) | (21.5944) | (28.5845) | (34.5835) | (39.5833)

8.0889 | 21.2110 | 34.0995 | 46.0854 | 57.0836 | 67.0833
30 | (8.0889) | (21.2110) | (34.0995 | (46.0854) | (57.0836) | (67.0833)
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SUMMARY AND CONCLUSION.,

The general conclusions to be drawn from the investigations des-
cribed in this paper are included in this resumé below :

The proposed Practical Calculation Formulae are applicable for
the computation of the direct stress, end moment, shearing stress
and truss deflection for the paralled chord Vierendeel truss with
equal values of stiffness for all the members and with full joint loads
having equal intensity.

In the design of the Vierendeel trurss with different stiffness, it
is customarily assumed for the preliminary design that all the mem-
bers have the same stiffness value and thereby the Practical Calcula-
tion Formulae must conduce to this purpose, too.

The special feature of the new method consists in the remarkable
rapidity of the calculation. Calculation time estimated is given in
minutes, because the required quantities are to be directly calculated
from the very simple linear formulae.

By the proposed Practical Calculation Formulae, the selective
calculation of requircd quantities is possible independently of the
other quantities, selecting any desired ones and there is no labour to
solve simultaneous equations.

The results by the proposed Practical Calculation I'ormulae have
reliability to the fourth or fifth figures of the numbers of results.

With regard to the Practical Calculation Formulae for the maxi-
mum stress due to a live load, they will be reserved for some future
paper.



