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Plane Truss

2.1-1 Introduction

117 In this section, we consider a plane truss supported by a
hinge at the left and a roller at the righ-t and subject to a
downward force of 6000 N at node C [2, 3]. We want to find
the reaction forces and the member forces.

From the free-body diagram of the entire truss [3], taking
the moment equilibrium about G, we may calculate Ar,

S M.o=0 (A8 m)-(6000 N)(12 m) = O,
A, =4000 N (N

From the free-body diagram shown in [4], taking the moment

equilibrium about C, we may caleulate F,

S M. =0 (A )6 m)+(F )4 m)=0,
F,, =-6000 N 2)

The negative sign indicates that it is a compressive force.

[4] A free-body diagram. #

[3] Free-body diagram of B

the entire truss.
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v 4000 N == [2] A downward force of

6000 N is applied at C.
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2.1-2 Start Up and Create a Part:

{1] Launch
SOLIDWORKS.

FENT T SR S

[3] In the Part Tree, right-
click the Front plane and
select Sketch.

[2] Click Mew to create a new Part. [4] In the Skatch
Select MIKS unit system with two toolbar, select
decimal places for the length unit. Straight Slot. :

0.30

[5] Draw a Straight
Slot like this.

[6] In the Featuras
toolbar, click Bxtruded
Boss/Base.

[9] Right-~click the back face and
select Sketeh. You may need to
rotate the view.

N

z}%&*j{

*yimatic

[71Type 0.1 {m) for
Depth.

AN
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f——ﬁb

[10] Create a Point at the [ 1] Create a second Peint at the
center of an arc. center of the other arc,

[12] Click BExit Skateh and rotate to a
Trimetrie view (1.1-5[6, 7], page 9)

*Trimeiric

[13] Click Save and save the document with
the name Diagonal. This part will be used
as the 6 diagonal truss members, #

; . o [I] Repeat steps 2.1-2{2-12], except the |
2" "3 Create a Pa.r‘t. HQ%E@WE@E fength of the truss member (specified in !
2.1-2[51) is 6 meters.

0,30 —

b

L?i w@“_-_-___.-__.m___-___.___-%M,W‘WM_______________,.“-_____._)

*peand

[2] Click Save and save the document with
the name Heorizontal, This part will be used
as the 5 horizontal truss members. #
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2.1-4 Create an Assembly: PlaneTruss

Sztecta mmponaﬂt ta inser, then
‘piace i the graphics grzs oy hit Dl{
to latate It at the: ﬁngirr N

[1] Click Mew and
create an Assernbly.

..

[6] Click $ave and save the document

with the name PlaneTruss. - or desagn tcwéwm usingata}'wt :
£ [ivith blocks, Pars may then be created

& pa:t or asseribiy o insert and
[hen’ place the component in fhek

grﬁphfcs argd, Use the push pin tn ;'. i
insark muttiple copivd of this : same or
dtffarent mmpnnants : ’

2] In the Begin Assambly box,
[3] In the Assembly toolbar, select Horizontal. And then

click Insert Components. click anywhere in the Graphics
Window.

th oK bufttcm tn msert a cumpanen’{ ]
‘at iHe Qrigm ]

ey Harkzonin

[4] Select Diagonal. And then
click anywhere in the
Graphics Window.

[5] Select MKS for fj‘“”

the unit system.

Feimetle

[7} In the Assembly Trae, Right- |
click Horlzental and select Float., |
The (F} sign changes to {=). #
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2.1-5 Duplicate Parts and Constrain all Members in XY-Space

[2] Hold Control key and click-drag the part

Diagonal upward. When you release the mouse,
the part is duplicated. Repeat this action 4 more
times so that there are totally 6 Diagonat parts.

[1] Hold Control key and click-drag the

part Horizontal downward. VWhen you
release the mouse, the part is duplicated.
Repeat this action 3 more time so that
there are 5 Howizontal parts in total.

=Trimalrie

[4] Select the back face of a Part (you need
to rotate the view) and, in the Assembly
Tree, select global Front plane. Click OK.

This constrains the Part in XY-space. Repeat
this for the other 10 parts. Finally Click @K

to dismiss the Mate box.

[3] Make sure none of the
parts are selected (highlighted)
and, in the Assermnibiy

toolbar, click Mate.

*frimstric




Section 2.1 Plane Truss

2.1-6 Set Up Lower Horizontal Members and Supports

[2] Each member has an
identification name like this.

/

—\\

[4] Select the left Point of
Horizontal<i> and, in the

Assembly Tree, select global

Right plane. Click @K. This

sets up a support in X-direction

at the left end of the truss.

[}] In the Assembly Tree, each Part is identified
with a name Part-Mame<iMumber>, e.g,
Horizontal<i>. Move your mouse over each Part;
the corresponding Part in the Graphics Window is
highlighted. This way, you can identify each of |1
members as shown in [2].

[31 In the Assernbly
toolbar, click Mate.

37

[7] And select the right Peint of
Herizontal<l>. Click ©K. Now the two

click-drag). Yt is constrained to rotate about its
left end, which is free to move.

members are connected with a revolute joimnt.
Try to move the newly joined member (using left-

~

S

f

.

{5] Select the left Point of w

Horizontali< | > again and, in
the Assembly Tree, select
global Top plane. Click QK.

This sets up a support in Y-
direction at the left end of the
truss. Now try to move this
member (using lefe-click-drag).

The member is constrained to

rotate about the left end,

[6] Select the left Point of

Horizontai<2>,

.
( Diagonal<6> )
(% Diagonal<5> TR
Diagonal<4> )
Diagonal<3> ] "’)
Diagonal<2> ®}
Diagonal<i> #)
Horizontal<i> )
s Horizontal<2> #)
(¢ Horizontal<3> %)
@ Horizontal=4> &)
(= HoiTzontal<5> 2y
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]

&
@

]

[

£

@

€3

>

Horizontal<4>

B

Horizontal<h>

[8] Repeat similar steps in [6, 7] so that the left-
end of Morizontal<3> is connected to the
right-end of Morizental<2>

Horizonm,,;2>
i Horizontal<3>

[9] Select this Peint and, in the Assembly
Tree, select global Top plane. Click ©K. This
sets up a support in Y-direction at the right end of

the truss.

[10] Now try to move the assembly
(using left-click-drag). This end is
constrained to move along X-axis. #

2,H~7 Assemble other Truss Members

% Diagonal<é>

% Diagonal<5>

%) Diagonal<4>

"3 Diagonal<3>

5 -Diagonal<2>

[17 Select this

% Diagonal<|>

Horizontal<4>

Horizontai<5b>

2] And select this Peint.
Click @€
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% Diagonal<é>

[5] And select this

2 Diagonal<5> Point. Click &K,

=

%) Diagonal<4>

&

= Diagonal<3>

[4] Select this @

%) Diagonal<2>

Point...

4
¥
o
s
&
4
Horizontal<4>
& 2 [3] R
. otate Diagonal<|> so that
<5> o -
Horizontal<5 it is ABOVE Horizontal<i>.
G %) Diagonal<é>
(% %} Diagonal<5>
(= =) Diagonal<4> ; .
¢ Diagonal<2> ] 6] Select this
& % Diagonal<3> ) Point...
H'orr'zOnth <3
Horizontal<4>
& J [7] And select this Point.
G ) Click Q. '
Horizontal<5>
@ = [8] Try to move the members and you'll
. 2 see that the three members forming the
cﬂ o Y triangle move as if they are rigidly
_ - connected; a triangle is a stable structural
& 2 construction.
& D L\
£L = X

G . Y
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& _ % Diagonai<é>

& 4 Dizgonal<i> {10 And select this Point.
Click ©K.

G D Diagonat<d>

€ #) Diagonal<3>

[9] Select this

Point...
: Horizontal<2>
Horizontal<4>
(x =)
& )
Horizontal<5>
¢ %) Diagonal<6> [12] And select this Polnt.
@ i - . %) Diagonal<5> Click ©IK.

& . ' £} Diagonal<4>

[ ) Diagonal<3>

[117 Select this
Point...

Herizontal<3>

% %)
137 Select this
(3 ) H <6 [ .
Piagona Point...
< B Diagonal<5>
6] B Diagonal<4> Horizontal<4> [Fiagonal<3>
’ ()] =)

Horizontal<2>

Horizontal<5>

[14] And select this Point,
Click ©i.
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e # Diagonal<é>
[ a— % Diagonal<5> .
[15] Again, move each of the
e 5 Diagonal<4> members and try to appreciate the
stability of triangular
constructions.
Horizontal<2>
: Hor:
°"’20nra I<3s
Horizontal<5> ' 7
. N

[17] Finally, connect
this Point...

Diagonal<é>

)

4 ™
[16] Follow a similar procedure to
assembile Horizontal<5:>,
Diagonal<4> Diagonal<5>, and
Diagonal<é> lile this. Note that, up
to this configuration, the entire
structure is not stable yet.

AN J

[18] And this Point.

Horizontal<4> Horizontal<5>

Horizonwl<i> Hortzontal<2> ; Horizongi<3> :
&7 G G A%

I

191 Now the truss structure
is stable; it can't be moved.
Dismiss the Mate box.




42 Chapter 2 Trusses

2.1-8 Create a Study

[2] Select Motion Analysis. #
.

[1] Click Motion Study |
tab to create a new Study.

2.1-9 Set Up Forces and Calculate Results

[17 In Motiomn toolbar, click Ferce. //\//\//\
R —— ; ——— & ‘ N 5

oy

R

e

[6] Click OK. [2] Click this Point to define

the location of the force.

{7] Click Save.#

[4] Click Reverse
Direction so that the
force is downward,

f3] In the Assembly Tree,
select global Top plane to define [8] Click Caleulate. #
the direction of the force.

Constant

[31 Type €000 (N). 1 votion Aratyss

=
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9 1-10 View the Reaction Forces

{%Hﬁlfﬁ] Mates

“**,{ Comcidentt (Dingomnal=Gs,Font)

L s Coineident? Dinganel<5s, Fron

L Comeients (ingonsbed = Frond)

“‘“;{ Cotneidentd (Disgonsels3» Front)

w,{ Coincident? (Diagonal<2»Front}

L Coincidents Disgoml<1 > Front

—,( Coiacident? (orizontel«] > Front)

*“;{ Coinsidentd (Horizontal<Zs Froat)

\— ¢ Coincilentt (Horizontalke3s Froni)
[1,5] In Motion toolbar, o, CoineitenttD) (Hodzontsled s Front)

click Results and Plots. s, Coneident]] (Horlzontsl<»Froat)

— A, Coinident]2 (Hoxizontal <l »Right)

L Coincidentl3 (Horizontal<] =, Top)

. Coinsidentt4 (Rorizontalel s, Horizontsl<2=)

— A Coincident] 5 (Horizontl<2>,Horizontse3x)
;{ Coincidentlé Horigontal<3z, Top)

— . Coincilentl 7 {Horizontaled = Disgonals] »)

- Coinritent!d (Diagonal<ls,Diagonsl<2s)

[3]This Mate corresponds to
the support in Y-direction at A.

[7] This Mate corresponds to
the support in Y-direction at G.

[4] The plot shows that the reaction force in
Y-direction at A is 4000 N, consistent with

_ e : ; the one calculated in Eq. 2.1-1(1) {page 32).

I : : Close the window.

B

11% V i

5 : g

i1 E : z-
¥ {ompaonent z : ; &

i @ : H

] @ H : p : H H :

4886 [ i E : | } i i ;

i R4 050 10 1.50 2.00 250 3en 250 4.0 250 5.08

; i Time (sech

[2] In the Assembly Tree, expand Mates and

select the Coincident mate (Horizontal<l>, |
Top) [3]. Click @K. Remember to click No ifa
message box appears (l.1-12[5], page 18}.

[8] The plot shows that the reaction
2010 ‘ : : force in Y-direction at G is 2000 N.
: : Close the window. #

Feaction Force2 (néwmn};

i : : S i
t t 5 g ¥

3 b3 i

: ; ;
880 886 1480 138 260 TEF 300 Sy 48 48F 52
~Jim (85t

[6] In the Assembly Tree, expand Mates
and select the Cotncident mate
{Horizontal<3>, Top) [7]. Click OK.

A
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2.1-11 View the Member Force of Horizontal<d>

{}] These 4 Mates involve
Horizontal<4>. (Yours may not be the
same as mine. If so, find all mates
involving Herizontal<4>) Let's
retrieve these reaction forces and
calculate the resultant forces on [2] In Motion toolbar, click
Horizontal<d>. Note that, when two Results and Plots.
Parts are involved in a Mate, the
reported reaction force is the force acting
on the first Part by the second Part.

[6] Click DK. [3] Select X Components

of Reaction Force.

\\

[4} In the Assemnbly Tree,
select the first Mate
involving Horizontal<4>

il (see [1)).
i ./

D

1 Coinddent2d

5] Click here, and in the
Graphics Window, click
Herizontal<4>. Reaction
Ferce in its X-direction (i.e,

{7] In my case, the reported 4 N axial direction) will be reported.
Reﬁcﬁf@nhsc?me s —§000 M, [8] Repeat steps [2-6], except, in
W ICDES the force acting on step [4], selecting second Mate
H@ﬁ“iZ@ﬁ;slzzin<Tphiri); re.the involving Herizental<4> (see [9] Repeat steps [2-6], except, in step [4],
force actin H. . E Iﬁ:t q> [I7). In my case, the reported selecting third Mate involving
cting on morizonta force acting on Horizental<4> (see {I]). In my case,
by Diagenal<l> is +6000 N. Horizontal<4> by the reported force acting on
Y Biagonal<3> is -1500 N. Horizontal<4> by Horizental<5>
9 : is -3000 N.

_ Horizontal<4> Horizont& /;

Y
&
&
o

Q

{10] Repeat steps [2-6], except, in step [4], selecting
fourth Mate involving Horizontal<4> (see {11}
In my case, the reported force acting on
Hortzontal<4> by Diagonal<d> is -1500 N,

[12] We conclude that Horizental<d> is || [11]Total force
subject to a compressive foree of 6000 M, ai. this end is
consistent with the calculated value in Eq. -6000 M.

2.1-1(2) (page 32). #
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2.1-12 View the Member Force of

[1]These 2 Mates involve
Diagonal<2>. Let's retrieve these

reaction forces. Remember that, [2] In Motion toolbar, click
when two Parts are involved in a Results and Plots.
Mate, the reported reaction force
is the foree acting on the first Part
by the second Part.

[6] Click OK. [3] Select X Components

of Reaction Force.

[4] In the Assembly Tree,
select the first Mate
invalving Diagonal<2>

—k | (see [ID).

[5] Click here, and in the
Graphics Window, click
Diagonai<2> Reaction

Force along the axial direction
will be reported.

[7] In my case, the reported
Reaction Foree is +5000
N, which is the force acting
on Dizgonal<i> by
Diagenal<l>. Therefore,
the force acting on
Diagonal<2> by
Diagonal<i> is -5000 N.

Horizontal<4>

;- ™
[8] Repeat steps [2-6], except, in
step [4], selecting the second

Mate involving Diagonal<2>

(see [1T). In my case, the
reported force acting on
Horizontal<i> by
Riagonal<2> is -5000 N,

Horizontal<|> (% Horizontal<2>| Therefore, the force acting on

Diagonal<> by

%\@g@ﬁ”ﬁZ@ﬂtaE“iz}' is +5000 N.

[9] Ve conclude that Diagonal<2> is
subject to a tensile force of 5000 N.#

/L
&

2

Ny

-
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2.1-13 Do It Yourself: Other Member Forces and Validation

of the Results

Do itYourself

{17 It leaves you to explore the other
member forces. All member forces, along
with the reaction forces at supports, are
summarized like this.

Do ltYourself

[2] To verify the validity of the results, we may check the force
equilibria at each node, For example, at node B,

3
SF, = (5000 N){%(SOOO N)— (6000 N) = 0,

SF = g(sooo N)—%(SOOO N) = 0.

It leaves you to check the force balance at other nodes. #

6000 N

2.1-14 Wrap Up

[t] From the Pull-DBawn

.1 Menus, click Window to see
=" | that there are three opened files,

[2] From the Pull-Down Menus, Select

File>Exit to quit SOLIDWORIS. Click

Save all. Click Rebuild and save the
dlocurnent.

.

Remarlk

[3] It seems, from 2.1-11[8-1 1] (page 44), that the
compressive force 6000 N acting on the right-end
of Horizontal<4> consists of three forces
(1500 N, 3000 N, and 1500 N) which come from
three members respectively. That may not be true.
There is no way to know how much portion of
force is from a specific member.

There are more than one way to "mate” the
members at a specific joint. And they end up with
different force components. However, the total
force acting on the end of a member is always the
sarne. #




