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Definition: A truss is a structure composed of straight slender members that
are connected at their ends by pin joints. The truss is loaded only at its joints,
making its members working axially. The truss is one of the oldest and most
important structures in engineering applications.
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Using DragonPlate 1 “carbon fiber square tubes and gussets”, we built a carbon fiber truss that is very light
and incredibly strong. The truss measures 8 feet (2.44m) long, 16 inches (41 cm) high with a depth of 12
inches (30 cm). Weighing in at just 14lbs. (6.35 kgf), the truss is light enough for a six year old child to lift

and carry!
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Combination of tension members with Compression members in the same Structure

Trusses
Weighing in at just 14lbs. (6.35 kgf), the truss The truss is loaded with 35X80Ib bags of
is light enough for a six year old child to lift concrete mixture, tota|ing a Whopping
and carry! weight of 2800 (1270 kgf)!

Trusses are very efficient structures

The ratio of the self weight to the load bearing capacity, is very small
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Floor beams

(a)

Hinged joints

/

Roller support Hinged support

Ae diagram of the bridge truss

(b)
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Actual bolted connection Idealized hinged connection
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1. Statically Determinate Trusses
To be able to determine the internal forces in the individual members

of an ideal truss, the following assumptions are made:
1. The members are connected through smooth pins (frictionless joints).
2. External forces are applied at the pins only.

- /Purlin

—— .- =i b 7] o
l I Roof truss T

In a plane truss m members connected through j joints, & supported by r reactions.
In order to be able to determine the m + r unknown forces from the 2 j equilibrium
conditions, the number of unknowns has to be equal to the number of equations: 2j=m +r.

For space truss, the condition becomes: 3j=m +r.
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Tension member or Compression member

| Tension Compression
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It is not always possible to determine by inspection whether a member is
subject to tension or compression. Therefore, we shall always assume that all
the members of a truss are under tension. If the analysis gives a negative value
for the force in a member, this member is in reality subject to compression.

In practice, it may be more convenient to determine first the support reactions
from the free-body diagram of the complete truss. Then three other equilibrium
equations within the method of joints will serve as checks.
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2. Determination of the Internal Forces Adalal) 6 gall pass 2
2.1. Method of Joints Adall ) g1 yha 1,2

The method of joints consists of applying the
equilibrium conditions to the free-body diagram
of each joint of the truss. It is a systematic
method and can be used for every statically
determinate truss.

llustrative Example. Determine the force in each
member of the truss and indicate whether the
members are in tension (T) or compression (C).
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Eq. Eqs. of the truss: Eq. Egs. of joint A: S =500N,S3 =500 N
—: A, = 500N

4=0:-2(500) +2C,=0 Eq. Egs. of jointB: 5, =707 N,S; =500 N
= C=500N
y
€=0: —2(500) +24,=0 Eq. Egs. of joint C: 52 = =707 N, 55 =500 N
= A=500 N
Sl = SAB — SBAI T

12
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2. Determination of the Internal Forces Adalal) 6 gall pass 2
2.1. Method of Joints Adall ) g1 yha 1,2

The method of joints consists of applying the equilibrium conditions to
the free-body diagram of each joint of the truss. It is a systematic method

and can be used for every statically determinate truss.

S1 1 S 1 F S, 1 9 So

<—=O\2 —— -ll——ﬁ?—l-
. . \\“u 2 \\‘ag 5\~\H;
|dentification of zero-force members

S1=0, S52=0 S1=F, 55,=0 S1=82, S3=0

(1) (2) (3)
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F Example 1. The truss shown in Fig. a is loaded by an
1 ~1 external force F. Determine the forces at the supports and

i in the members of the truss.
AR %"~ Solution: numbering joints & members:2j=m +r.
e e 1) Fig. b, F. B. D. of the truss. Eq. Egs.:
~: By =0 S, S E S
r aA4=0:-4/F+61B,=0 = B,~=(2/3)F N N
aB=0:2 IR 6I4=0 = A=(1/3)F 7T T

2) Identification of zero-force members.:

3) Joint Equilibrium: F. B. Ds. for joints

) TS +A4=0=S5 =-A=—(1/3)F

) T: =8, — S3sina = 0 = §3 = —S;/sina. = (1/3)F/sina,
—: S3cosa+ S, = 0= 5, = —53c0500 = —(1/3)F/tana

1) —-:-=5,+S,=0= S, =5, = —(1/3)F/tana

By
oy F
b A 1ﬁﬂ'

S1y Ss V) 1: Sgsina + Sysino = 0 = S; = —S3= —(1/3)F/sina.
Sh Ss Sy Si1 —: —S3cosa + Sycosa + Sg = 0 = Sg = S3c0800 — S, cosa=(2/3)F/tana,
I INTE - & 5u V) 1. —S;sina — Syqsine— F = 0 = S;; = —S; —F /sina,
_1 VoS S VT S Sz VI = —(2/3)FIsina
L . —: =S¢ — S;cosa + S;1coso = 0 =[(1/3) +(1/3) — (2/3)]F/ tana=0

VI) —. _S8 A Slz =0= 512 = SS = (2/3)F/‘[anOL
VIl T: By +5,sino = 0 = [(2/3) = (213)}F=0
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el o O i O O~ S1 1 ) S1 1 F 51 1 2 52
s © — -— 00— N Ne N
tension member compression member $,=0, So=0 S, =F, Sa=0 S1=S5, S3=0

b

Example 3. For the given truss, all bar
forces have to be determined.
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~—0 O i o <—=10\2 -:l—=o§> -;—=(§—E-
P ® - y—-— 0O —l»—c[é S: ‘ S:

tension member compression member =0, S2=0 S1=F, S2=0 S51=2982, S3=

Tﬂl Example 2. For the given truss, the

L. p forces in the bars shall be determined.
Take F = 12 kN.

— 2a——4~— 20 —mta— 20—
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2.2. Method of Sections el o)) 5148 5l 2 2
3. Supplementary Examples Al 4 3

Definition: A truss is a structure composed of straight slender members that

are connected at their ends by pin joints. The truss is one of the oldest and

most important structures in engineering applications.

e Aaul g Lol 2o Lgary Juali Al dafiicns jualic (g Sl Jilad) o€y 1oy 2
Agllad g dpani L iS5 AuLERN) Jand) asbl (ha anl g (Sudl) Siad) 2y Aduaia

51 1 Sh 1 F S 1 1 2 Sa
~ o O = O O =} ﬂ d—:cg» -l—=(§—-—
S 2 So 3 Sa
. . 512'3', 5220 S;L:F1 52=U 51282, 5'320
tension member compression member b
20/10/2021 18



2.2. Method of Sections
It is not always necessary to determine the forces in all of the members of a truss.

If several forces only are of interest, it may be advantageous to use the method of sections
instead of the method of joints.

In this case, the truss is divided by a cut (an imaginary) into two parts.

The cut has to be made in such a way that it either goes through three members that do not
all belong to the same joint.

If the support reactions are computed in advance, the F. B. D. for each part of the truss
contains only 3 unknown forces that can be determined by the 3 conditions of equilibrium.

M
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lllustrative Example .

Determine the force in members EG, EC,
and BC of the truss. Indicate whether the
members are in tension or compression.

Solution:
1- Reactions: F. B. D. of the Truss
S:—A, +400=0=> A, = 400 N

5.—3(400) + 4(1200) — 124, =0= A, =300N
1: 4300 — 1200 + D, = 0 = D, = 900 N

2- Section Internal Forces: F. B. D. L.

~—3(400) — 4(300) + 3Szc = 0= Sgc = 800 N (T)

74300 — Sgc (S =0 = Sgc = 500 N (T)

20/10/2021 20
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Example 1 To illustrate the method, we consider the truss shown in Fig.a with the aim of

determining the forces in members 1,2 &3.

As a first step, the reactions at supports A& Bare computed by applying the Eq. Egs. to the free-

body diagram of the whole truss

In the second step, we pass an imaginary section
through the members 1,2 & 3, cutting the truss
into two parts. Fig.b shows the free-body
diagrams of the two parts of the truss. The
internal forces in members 1,2 & 3 act as external
forces in the free-body diagrams; they are
assumed to be tensile forces.

Both parts of the truss in Fig.b are rigid bodies in
equilibrium. Therefore, either part may be used
for the analysis.

We shall apply the Eq. Egs. to the free-body
diagram on the left-hand side of Fig.b.

20/10/2021
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I: aFl—ZaAV + aS3 =0 = 53 = ZaAV — Fl
VA
II:_aAH — BaAV + 2aF1 == a51 =0= Sl = 2F1 — 3AV _AH

T: Ay —F, — S,sin45°=0= S, =24y — F)




Example 2 In many cases, the method of sections can be
applied without having to determine the forces at the

supports.
Consider, for example, the truss in Fig.a. The forces in > 30°
members 1,2 & 3 can be obtained immediately from the Eq. .

Egs. for the part of the truss on the right as shown in Fig.b.

Solution
VA
V: —IF, — (I/2)F; — (1tan30°)S; = 0 = S; = —(2F, + F;)/2tan 30°
")

Tt —F,—F +5,sin30°—5,sin30°=0= S, = —F, /2




Example 3 A truss is loaded by two forces, F,=2 F

and F, = F, as shown in Fig.a. Determine the force S,.
Solution First, we determine the forces at the supports.
Applying the equilibrium conditions to the free-body diagram

of the whole truss (Fig.b) yields

E 3F1 . F2

—3aF; +aF, +6aB =0> B =

A: = 5F/6

B: 3aF1 + aFZ — 6AV =0= AV = (3aF1 + an)/6=7F/6
—>! AH—F3=O$AH=F2=F

Then we pass an imaginary section through the members 4,
5 & 6 (Fig.c).

The unknown force S, follows from the moment equation
about point |

A

: 3
[ ZS4+2AH_3AV=O=>S4=Z

20/10/2021 24

M




/?\ Problem 1. For the given truss, the bar forces have to be
2F  determined with the Method of Joints.

Solution The reaction forces result
from the equilibrium conditions for the
entire system

A —: Ay +2F =0,
An

T: Ay +B—-F =0,
.
F A \/iaF-l—gaQF—gaB:O

to

A\,}:73F'_ AH:*QF, B=4F

Equilibrium at nodes I, IIT and II yields:
777777 vz 1
I/ &—w—]om»&=JT /ﬁrﬁ
S S.
2 1 1
\:&+w%;n«»&_ _\V2F,
SR 53
I = : S:s+BQ =0 ~ S;=-2/2F,
2 —_— i
2
/:Sy+B%::0 ~ S5 =-2V2F, B
- Sy
7 <—SQ+§S4+§85:0 SZ 1
Ss F
S2 = 3F.
To check, we make sure that the equilibrium conditions at node IV are
fulfilled:
2 2
JLIge AH+£SI+SQ+£Sg:—2F+F+3F—2F:0,
+: Ay ‘/_51 —£53 —3F 4+ F +2F =0.
Table:
il 1 2] 3 | a4 | s
S,-|\/§F|3 | —2v2F | —v2F | —2v2F
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Fy, = 2F Problem 2. For the given truss, the bar
I, = [ forces have to be determined with the
Method of Joints.

w
S
R

2 r
Solution The equilibrium conditions 5107: ¥ IZ n
for the separated system follow with S 1T
the help of angle a and 3: 25 l

«
i Spcosa+ Sacosff+ Szcosa =0, A

(_
a/3 i 5
? a a a 1T: Sysina+ Sesinf8 — Sysina— F; — F =0,
|-.‘ -'-l-'- .—ld -'hl 3: 2aFl—§a31cosa:0.
With
Sinae—L cosoz—i sinB—cosB—ﬁ
V10’ V10’ 27’
it follows
S1 =+vV10F =3.16 I, .5‘2:34£F:1.06F,
ng—zﬂF:—B.QSF.

If load F5 is moved to node II, only the moment equilibrium condition
changes:

N 2
A 2aF) 4 aFs — §aslcosa:0.

Thus, the bar forces result as

3v2

S1=2V10F =6.32F, S= —TF =—1.06 F,
S3 = —74ﬂF = =553 F.

Remark: With the larger moment, S; and Ss become larger and the
tension bar changes into a compression bar.
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Problem 3. Determine the bar
forces for the given truss.
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Problem 1 For the given truss, the forces in the bars
1 through 7 shall be determined
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Problem 2 Determine the bar forces for the given truss.
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Problem 3 Determine the bar forces for the given truss. !f’ Jf’ / F y F | F
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