'ﬁ-uss ~> ohieh shuctures can be called husses

* Tﬁey congist af- slender sh-on'ahi' members

¥ The wmembers are cennected ab He end:s orF each other

by pin connections

¥  ALL MmMembers o? a tuss skuchire arve -l-wo—-f-'o'rce

members (in contract 4o frames)

Two-force member Multi-force member

(a) A truss bridge (b) A bicycle frame

A Fﬂp\‘cg'l buss  consisk of .Si'fafahl-

members connected ot joints , and

— Sh’al‘ahk members modeled os

two - force members

—  Joinks wmodeled as pins |
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AD lusses ve 2D brusses

AD Truge: Enbre buss lies in eme P\ane and He

O.Pp\l'eo\ ‘FOI'C‘E’S lfe_ in H‘\e sSame PIQ'ne

30 Truss:  Non-planar huss, aFPh'eoQ force system 18

(also called no\q—P\anar‘

space hruss)

2D (plone) huss

2D (spaced bruss

Note: AWl extesnal leade are aFPh'ecﬂ ol ng — never

amjwhere between oy at the end:s oﬁ’— Hhe wmembers

In tis course, we ore 8oin8 to be \ookina at 23D plane

brusses on'ha, \



udepd Gf ey

Since all members are Sh-an'ahl' and two-force memberse
Jc’rley can either be in ComPTGESfO‘h ov tension or may korn

out to be zero-{orce wmembers

30 kN «—¢@ 5> 30 kN Tension

30 kN —g %— 30 kN Compression
F=o0 «C o>—> F=0 (Zero -Fo'rce
memb?r)

l> & ndin soppart veachons
Ana\Hsm‘s oF husses — a iF
S

Q> %’nd\'na member «Po'r-ces Cin all

of them ov some of Hﬁem)

There are *twe wmetheds for anqlngna. husses:
107 Usina static equilibrfum d{:
each Pin iofn‘l‘

Uses cmlg +wo @c(uilibﬂ'um eciuai-\‘ong 2Fx =0 =fy =0

Preferred twhen -?-mdfnj forces fa  ALL wmembers



3y Method of sections: o borr -{ll'nd\‘na member forces b)a
vsing stabic  equilibrivm aF o port

of bruss

Talkes advanhge of Hhe §M°=O (moment e:fn) as well

Preferred dhen -F'l'no‘ing. forces in some S[:ec?ﬁc_ members

Method OE Joints

Idea: Cince  the entire bruss 13 in ec,uf]ilorium, each pPin

:]oirﬂ- must be in equilibvium.

Consider the fusz as shown.

e b@g\'n +the ano\ysis with

N

Any JomT  where atleast onme Y
L

Known load exists and where

not mmore than two uvnknown forces arve Pvesen'\:

Oblain
Teachions
—

I
|
I
Pron f
Y equilibrivm T ‘If T
L L

&£ bruss By




The solution Moy be shirted with the Pin join’c- at the
left end ; draw ik FEBD.

/

(Uil-h jO\'l’){'S indrcated b)l |eH:ers) 3|/ Compression
|

designa’ce e foree in each member : Far
| C

b)ﬁ the two leHers O\eﬁ"inz the ends e Tension_>-___x
R, (wnowm)

of the member

The divectons of the forces are vsually vnknown; they can be

assymed based on intuithon | else assume Hn@y are n tension .

If your assomption (s torong. the ma%nii-ude of the fLorce will

burn out o be heaa’n‘ve-

Y

The FBD of the wembers AF 2 AB

. . 3|/ Compression
are alse shown ‘o c\ear\y indicate |
: Far
the laws of action and vyeachon. |
Tension
R, (wnawm)

Analyzing the joint A, one
con oblain the uLnknown maa.n'l]'udes o% Fap and Fap by
ficat considering 1 ZF% =0 to find Fap and Hhen

l)sing. 5 >F, =0 to find Fag -



We F'roceed to the next Jofn‘l: havina. ne woere +HYhan twe unknocwns

_— __F E

Jotnt F

can be anqu zed

next

B C
\_/ Joint B has three

unknowns, thevefore we

N —€

skipped it for now

'Proceeding in tis fashion, we analyze subsequenty joints B,

C, Ey and D n that order.

1 FAF 2 .
EF
Fag / ] Far
Joint F'
4 TFCE =0
Ka  JointA FBC-( - :C'- Fep
oin
3 F
A BF 5
FBE FEF ; N
BC
Fae Joint E
6 Foe
(‘Fcr double
chea.k\‘n8>
LY
Joint B D Joint D




SPECI'Ql cono\ih'ons Cin analysis cF h"ulgses>

5> Case T : Ohen two pairs of collinear members ave

joined at o pin Joinl- (4 member + 1 |>fn>

Given
+ AE, AC a\ona a =t line

° AD, AB a'lcma a st-line

Inference (by oﬂ:?a’mﬁ. 2 ¥y =0 | ZFx,=o)

Fae = Fac , Fae = Fap

=¥, =0 = CFAC - FAE) cos 30°
+ (FAD - F—'AB) cx@ = o

2 Fap = Fae (7 cs® #£0)

= Fer =0 > (FAc"FAE ces &

+ (Fap - Fas) cos 30" =0

S Fa = Far (7 cos® #0)

Q> Cose 1T - When two collineor members are atbt o Pin

joint and a thicd member iz added for
T N T T —

stabi) Ty a?- hruce



Given:
e Members AD and AR are

olo'ng, st line

* Applied borce P and AC are

Otlcm% et- [ine

Tnference :
FAB = FAD s FAC = P
+\2Fy = O 712‘:1_ = O
= Q:Ac a P> cos®@ =0 = Fap - Fas =0
= Fac = P = Fap = Fas

SP@efa\ coses o{- Case IT:

\> Applied external force P =0 : then Fac =0

AC ic o zero-frrce member

> Mewmber AC {2 absenat and P=0: Fag = Fxp




When twe non- collinear Membere ore jo.‘necﬂ
’\/\Mfww

at a Ffr\ in the gbecence dF— an exl:ernallg

OPP‘I:'eo\ lead, the Po'rees in the

2ZF, = O requires K, =0
ZF, = Orequires £ =0

25 kN l g 50 kN
25 kN D I

AT TOy
20 kN

Fig. 6.13 An example of loading on a Howe
truss; identifying special loading conditions.

) ge = O Fac = FcE
A-l— K ) Fj’K = O B FIK = FK’_
At T, Fry =0 , Fuyy= Fy_

Further QPP)ﬁiﬂa Cose 2

at “)c\'nt- I,

/ membera Mmust be zero

Fac =0, Fap = O

(by fdenh'(lg\'na sFee{a] C'ondf-h'cns)
l
helps to do {faster analysie

APP‘% case 2 ( oo collinear

membere wiHh o third member

boithout external force) at

pine C, K, and T

Fgr = Frx ., Far= 0



C
You ANNOT QFPIK_ Case 2 251‘Nl r .
o 25 kN
to joint B and say that Dg e
¥ d
_ B o
Fae = Fpp becouse external AL
. —— (o] (o] (0] L
1 E G 11 K
load G’f- 25 kN s not collinear —
with wember BE Fig. 6.13 An example of loading on a Howe

truss; identifying special loading conditions.

Compute the force in each member of the loaded cantilever truss by the
method of joints.

Solution If it were not desired to calculate the external reactions at
D and E, the analysis for a cantilever truss could begin with the joint
at the loaded end. However, this truss will be analyzed completely, so
the first step will be to compute the external forces at D and E from the
free-body diagram of the truss as a whole. The equations of equilibrium

give

[EM; = 0] 5T — 20(5) — 30(10) = 0 T = 80 kN
[ZF, = 0] 80 cos 30° — E, = 0 E,=69.3kN
[ZF, = 0] 80 sin 30° + E, — 20 — 30 =0 E,=10kN

Next we draw free-body diagrams showing the forces acting on
each of the connecting pins. The correctness of the assigned directions of
the forces is verified when each joint is considered in sequence. There
should be no question about the correct direction of the forces on joint A.
Equilibrium requires

[ZF, = 0] 0.866AB —30=0 AB=346kNT Ans.
[ZF, = 0] AC - 0.5(34.6) =0 AC=1732kNC Ans.

where T stands for tension and C stands for compression.

Joint B must be analyzed next, since there are more than two un-
known forces on joint C. The force BC must provide an upward compo-
nent, in which case BD must balance the force to the left. Again the
forces are obtained from

[ZF, = 0] 0.866BC — 0.866(34.6) =0 BC=346kNC Ans.
[ZF, = 0] BD - 2(0.5)(34.6) =0 BD =346kNT Ans.

Joint C now contains only two unknowns, and these are found in
the same way as before:

[ZF, = 0] 0.866CD — 0.866(34.6) — 20 =0
CD=577TkNT Ans.
[ZF, = 0] CE - 17.32 - 0.5(34.6) — 0.5(57.7) =0
CE=635kNC Ans.

Finally, from joint E there results
[ZF, = 0] 0.866DE = 10 DE =11.55 kN C Ans.

and the equation ZF, = 0 checks.

30 kN 20 kN
T
5m 4 _
% 6
|
| 5m
L — %
E,
30 kN 20 kN E,
y
| 'AB
\
|
|/ 60°
R i BD
AB = 60°
34.6 kN /g0
BC
30 kN
Joint A Joint B
BC =
34.6 kN
cD DE
60° 60° 60° 69.3 kN
AC = CE CE =
17.32 kN 63.5 kN
20 kN 10 kN



QUmma'r\/ or' method oF— \'\oinb

— Mgqgkes use of- onlg, twe stahe ecluilﬂoriuvm ea‘uql-fans
° ZF& =0

@]

|

° ZF)/

— APPh'cab\e becaute all forces interseet ot o Fcin"l-

— The woment equation CZM*= 0) s not needed

— dimitaton : Requires Pfaa\"essin% joinl-—by—joini‘

— dimitation: Tg $ind the foree in o specific member, one

may need o cmcﬂyze ™any :joinl's Sec!ueni'fq\ly

Method or— Sechons

e e S

— Invelves cuhing the Fruss into two Pcrr'l's ard anal)/z.ing

one Pa'r’r or o fee body

— Makes use of all thvee equilibrivm equahons

ZF:_"—"O, ZFY"-_—O) M =0

>*

— Enables direet calculahon o‘? internal forces o? sPecich

members ,  without analyzing euery Join'l'



Guidelines ~ch QQC’.‘HOhiﬂal

— Cut vo wmore than Hivee wmembers with uLrkrnown ‘Fo-rces

— This ensures +Hat the T@suﬂ-fng S\I_s’t@m o{'— ec]uq’n‘cms =8

Solvable (os we have three equilibrium eciua'\-r‘m_\.)

— Choose sechions that allow Sl—ral'ahl-foruoa'rd opphication P

Phe vnoment e:’ua’n'cm -gs'r simP\{'ﬁ'cah'on

dets  demomshrate this metod usin% a truss exa\mPle

tg{eP 4l g

Sl'eP 2

F E
Determine external reachons

Y
To find te -gsrce "N o R, I R,
QPQCI"P‘\'C member (e-%. FBE)

cut an imaainar); s eabon -\-'h'rouzh the buss, sueh Hat

ne move Han thvee members with unkneon -Pcnrce.s are cul




Sl—er 2: Each Pafr{- 0F kruse wust be n ectu{lil:ﬂum- The
cut wmnembers coxert equcﬂ ano o‘bposi'l-e Povces on the

oo sePara’cec‘ Parl-s

Use woment eqm*\'l'oﬂs F /E Fer A
1120,,. ofes I /FBE // |
Yo colve .C‘::em{'\c vnknewns : // FBE/ :
y > Fo. L1
B B C

:‘)zMa:O — Get Fgg T l T

Ve v v©
R, L Ry

"‘DZME:O — Get FBC.

+TZF—\/ = 0 — GQet FBE

Some considerations to keep in mind for method R sechone

¢« The sechoned part of truss s treated as= sincdle RBs

N ec‘ui]{ brivm

= PT@F‘PWHY: cut sechons \—hwroua'ln members, neot \io{nht_

e Choose the For{- OF bruss with Aeew@r vnknowns to

S\'mP\fF\j calculahonsg



Examfle: Calculate ‘POTCE’ N mmember DI . Neﬁ‘ec{- hovrizantal
Components of force at suppods

Can we chosse o sechon 1?2

NO, because it cuts Hw'rouah

4 (>3) wmembers with A

L K ‘ J IJ{ H
unknown forces ‘ 10 kN ‘
| 6 panels at 4 m |

Aet’s Hnem(lore choose o Jdifferent sechkon 2

Sec &
10 kN ;
10 kN D

L K
10 kN
6 panels at 4 m

O
M
<
n
il

O — Get Fog




Then, choose sechon 1L

10 kN See 4
10 kN D |

L K!J I\t H
‘ Ok

| 6 panels at 4 m |

10 kN

-l-‘)ZMGI = 0 — GC‘E{‘ FDJ'

For = 16-6F kN (T)

18.33 kN



