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» DEFINICION: Estructuras formada

por barras vinculadas entre si en sus
extremos, constituyendo un sistema rigido
e indeformable.

» BARRA: Elemento rigido en
indeformable con una dimension
predominante respecto de las otras dos.

» NUDO: Punto donde se unen entre si las
barras.



Reticulados
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Figure 6.2
Making structures by pinning bars together to form triangles.
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Figure 6.3
Simple cxamples of bridge and roof structores. (The lines represent
mermbers, the circles represent joints. )
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Figure 6.4
{a} Each member of a truss is a raro-force member ;
P ; Sy : g £ Figure 6.5
(b} Obtaining the free-body diagram of part of the member ik )
{c) The internal force & equal and opposite to the force acting at A jpint of 2 bridge truss.
the joint. and the internal couple is zero.

Although many actual structures, including roof trusses and bridge trusses, consist of
bars connected at the ends, very few have pinned joints.

For example, a joint of a bridge truss is shown in Fig. 6.5. The ends of the members
are welded at the joint and are not free to rotate. It is obvious that such a joint can
exert couples on the members. Why are these structures called trusses?

The reason is that they are designed to function as trusses, meaning that they
support loads primarily by subjecting their members to axial forces. They can usually
be modeled as trusses, treating the joints as pinned connections under the
assumption that couples they exert on the members are small in comparison to axial
forces. When we refer to structures with riveted joints as trusses in problems, we
mean that you can model them as trusses.




Trusses

Structures that consist of straight hars pinned

at the ends and are supported and loaded only
al the pints where the members are connected

are called trsses. It is assumed that the weights

of the members are negligible in comparison 1o
the applied loads.

Free-Body Diagram of an
Individual Member

Becawse each member o fa trussis a
two- frrce member, it is subjected
only to equal and opposite axial
loads. We call the force T the axal
free ina member. When T is
positive in the direction shown {that
15, when the forces are directed away
from each other), the member is in
tension (Th When the forces are
directed toward each other,

the member is in compression (C).




DISTINTOS TIPOS DE RETICULADOS PLANOS

Armaduras tpicas para techo

f Baltimore i ‘ Amad a K *

Armaduras tipicas para puentes

\
Parte de una armadura
en voladizo

Estadio (tros tipos de armaduras



Metodo de los Nodos
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= A, =0,

= A, + E— 400N - 800N =0,
= —(1 m)(4D0N) — (3 m)(S00N) + (4 m)E =0,

b obtain the reactions A, =0, A= S00N, and E = T N.
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The equilibrium equations for joint A ane
EF, =Ty + Tygoos 60° =10,
EF_._. = Typsinal® + 500N = 0.

Solving these equations, we obtain the axial forces Ty = =577 N and
Tao = 289 N. Member AR is in compression, and member AC 15 in tension

We next obtain a free-body diagram of joint B by cutting members AB, BC,
and BD (Fig. 6.8a). From the equilibrium equations for joint B,

XF, =Tgp + Tgecos 60° + 577 cos 60° N = (),
EF_\,. = —400N + 577 sin 60° N — Tgesin 60° = (),

we obtain Tge = 115N and Typ =

—346 N. Member BC is in tension, and

member BD is in compression (Fig. 6.8b). By continuing to draw free-body di-
agrams of the joints, we can determine the axial forces in all of the members.




Metodo de los Nodos

* Truss joints with two collinear members and no load (Fig. 6.9). The
sum of the forces must equal zero, T} = T5. The axial forces are equal.

* Truss joints with two noncollinear members and no load (Fig. 6.10).
Because the sum of the forces in the x direction must equal zero, 7, = 0.

Therefore 7} must also equal zero. The axial forces are zero. T,
* Truss joints with three members, two of which are collinear, and no
load (Fig. 6.11). Because the sum of the forces in the x direction must

equal zero, T3 = 0. The sum of the forces in the y direction must equal T
- T - . . . 1

zero, s0 Ty = T5. The axial forces in the collinear members are equal,

and the axial force in the third member is zero.

(a) A joint with two collinear members v
and no load.
(b) Free-body diagram of the joint.
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Metodo de los Nodos

BARRAS INACTIVAS y CASOS PARTICULARES
X "

F1=F2
F3=0

1

§ i Fi \

F1=F2
F3=F4

ELECCION DE EJES
CONVENIENTES,
OBTENCION DE UN
SISTEMA DE
ECUACIONES
DESACOPLADAS




Metodo de los Nodos

Determine the axial forces in members AR and AC of the truss.

L\ A
;E SF,=A+B=0,
_’L_ — SF,=A,—2kN =0,
~2 J 7
3m EMyinep = —(6m)A, — (10 m)2 kN) = 0.

Solving yields A, = —3.33 kN, A, = 2 kN,

Bl=—s m“_|k5 . and B = 3.33 kN.
2k
¥y
I
2kN .
% The angle @ = arctan(5/3) = 59.0°
i RNN ) SF, = Tacsina — 3.33 kN =0,
T“/a 3F,=2kN — T3 — Ty-cosa = 0.
P Solving yields T3 = 0 and T s = 3.89 kN.
333 kKN The axial force in member AB is zero and
c the axial force in member AC is 3.89 kN
in tension, which we write as
i = . D AB: zero, AC: 3.89 kN (T).
-
333kN B '
2kN




The loads a bridge structure must support and pin supports where the structure
is to be attached are shown in Fig. 1. Assigned to design the structure, a civil
engineering student proposes the structure shown in Fig. 2. What are the axial

forces in the members?
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Members

Axial Force

AG, BH, Cl, DJ, EK
AB, DE
BC,CD

F(C)
2.39F (C)
1.93F (C)

(a) Free-body diagram of
pint B.

From the equilibrium equations
2F, = —Tagcosa + Tgocos 15° =0,

IF, = —Tygsina + Tyesinl5® — F = 0,

we obtain T4y = —2.39F and « = 38.8°. By symmetry, Ty = T 45 The axial
forces in the members are shown in the table.




Metodo de los Nodos &>
Método de los nudos m=20 kg => P=196.2 N

5
o4m 6 F,: _;TAC —Tpgc+Tcp=10
A\ Sh S rmrmes || X

B O] P—— "\/’a
" " Solving: Tac =211 N, Tge = —313 N

Solving: Tap =306 N, Tep = —235N
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Metodo de los Nodos

Meéetodo de los nudos m=20kg=>P=1962N

A 5 5
Fy:——(Tap+Tac)— —Tap =10
m 1 =" v N

= Tap=—423 N

Tap =423 N(C)
Tac = 211 N(T)
Tap = 306 N(T)
Tpe = 314 N(C)

Tep = 235 N(C)




Metodo de los Nodos
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Joint B:

S F. = BE — ABsine — BDsina = 0,

. BE
from which | AB = — = 1.28W(T)
Sil e

» F, =—ABcosa —BC =0,

from which | BC = —ABcosee = —Wii

Dada la Estructura de la Figura, establezca cual es la maxima carga
gue soporta si la maxima fuerza en traccion de las barras es 5 kN, y
la maxima fuerza en compression es 7 kN

Joint E-

Y Fy =—DEcosa —W =0,

from which | DE = —1.28W (C) |

Z F,=—BE —DEsma =0,

Joint D:
Y F. = DEcosa + BDcosa— CDcosee =0,
from which BD) — CD = —DE.
Y Fy=—BDsina + DE sing — CD sine = 0,

from which 8D + CD = DE.

Solving these two equations in two unknowns:

CD=DE=-128W ()] [sBD=10]




Metodo de los Nodos

F admisible| W max
AB|[1.28 W|T| 1.28 5 3.90625
BC|W C -1
CD[1.28W |C| -1.28
pe[1.28w [C|BlBE -7 [5.46875
BE|O.8W |T 0.8




Meétodo de las Secciones




The horizontal members of the truss are each 1 m in length. Determine the axial
forces in members CD, CJ, and 1J.

EF; = _TCD - TCJDDS“SG - T” == ﬂ,
SF, = T¢;sin45° — 100 kN = 0,
SMogines = (1 MTp — (3 m)(100 kN) = 0.

M Solving yields Tep = 300 kN, Ti-; = 141 kN,
and T';; = —400 kN. The axial loads are
100 kN CD: 300 kN (T), CJ: 141 kN (T),

1J: 400 kN (C).



Determine the axial forces in members IX7 and BE of the truss.
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(a) Free-body diagram of the
entire truss.

TP
2F F 2F F 2F

SF, = A, =0,
3F,=A,+K—F—2F-F=0,
SMpint 4 = —LF — (2L)(2F) — (3L)F + (4L)K =0,

we obtain the reactions A, = 0, A, = 2F, and K = 2F.

E‘Ml:'c:u'ntﬁ - _L(ZFJ - (EL]TLJG = 0.
The axial force Tj; = —F. Then, from the equilibrium equation
2F, =Tpg + Tge =0,

we see that Tgg = —Tpg = F. Member DG is in compression, and member
BE is in tension.



Reticulados Espaciales

SF,=A, —2=0,

SF,=A,+B,+C,—6=0,
SF.=A, +C.-1=0,

l"""":l"ll:ru::linl;li = (IAB S B}'j} + [r.‘lC X [C}j + C:k;l] + {IAD S F}

i ki § k| li j k

i
=12 0 3|+4 0 of+|2 3 1
B.T.InB' (2,0,3)m 2o
0 B, 0 0o ¢, C. 2 -6 -l
F
p¥ = (—3B, + 3)i + (—4C))j
+(2B, + 4C, — 6)k = 0.
4N
Al ~ R e
SRN AT 1 kN reg =(2—=4)i+(0-=0)j+(3 - = =2i + m). B= = 0. . ,
2kN (2-4)i+(0=0)j+(3-0k=-2i +3k(m). € rea 0.5551 + 0.832k
1 kN C cB
Bt . Tpe ecp = Tpe( —0.555i + 0.832Kk). Tepl —0.5351 + 0.802 + 0.267k).
1
TED\
C. =1kN _ _ _ _
i %ﬁ; “Tuci + Tac —0.5551 + 0.832K) SF, = —Ty — 0.555T — 0.535T¢p = 0,
) = (0.802T-p, + 1 kKN = 0,
T +Tcpf —0.5351 + 0.802j + 0.267k) + (1 kN)j = 0, 2F, o
SF. = 0.832Tg + 02677 = 0.



Calcular los esfuerzos en AD, BD, y CD

1200 Ib
A(53, 21t

1200 Ib
A(5,3,2) ft

D (10,0, 0) ft
D (10,0, 0) ft

SF,=B+C+D-12001b=0,
EMpinep = Tpa X [—1200§(Ib)] + rge X Cj+ rgp X Dj
i i k i i k i j
=15 3 2|+|6 0 6|+(10 0
0 —=1200 0 0 c 0 0 D
= (2400 — 6C )i + (—6000 + 6C + 10D )k = 0.
Solving yields B = 440 1b, C = 400 Ib, and D = 360 1b.

=T =




400 1b

Fps = —5i + 3§ + 2k (f1).
DA _ _0.811i + 0.487] + 0.324k

oA Irpd
Tﬁﬂeﬂﬂ = Tw(—ﬂ.ﬂl li + {).4371‘ == '[).314'[},,

Tgpeps = —Typi,

Tipeps + Tepeps + Tepepe + (360 1b)j = 0.
The i, j. and k components of this equation must each
equal zero, resulting in the three equations
—0811T,, — Tgp — 0.555T,, = 0,
0.487T 4 + 360 1b =0,
0.324T 4 + 0.832Tp = 0.

Solving yields Ty = —740 1b, Tz = 440 1b,
and T = 288 1b. The axial forces are AD: 740 1b (C),
BD: 440 1b (T), CD: 288 1b (T).




Problem 6.66 The free-body diagram of the part of the
construction crane to the left of the plane is shown. The
coordmates (1n meters) of the joints A, B, and C are (1.5,
1.5, 00, (0, 0, 1). and (0., 0, —1). respectively. The axial
forces Py, P2, and P3 are parallel to the x axis. The axial
forces Py, Ps5. and Pg poimnt in the directions of the umit
vectors

ey = 0.640i — 0.640j — 0.426k,
es = 0.640i — 0.640j — 0.426k,

eg = 0.832i — 0.555k

The total force exerted on the free-body diagram by the
weight of the crane and the load 1t supports 15 —Fj =
—44j (kN) acting at the point (—20, 0, 0) m. What 1s
the axial force P37

Strategy: Use the fact that the moment about the line
that passes through joints A and B equals zero.

i j Kk [i i k
Mg=|-20 0 -1|l+]0 0 =2
0 —44 0 [P; 0 0

= —44i — 2P;j + 880k (KN-m).

|

The position vector from B to A 1s

rga = 1.5+ 1.5 — k (m),

and the unit vector that points from B toward A 1s

enn = — = 0.640i + 0.640j — 0.426k.
Irga |

From the condition that
€ga - I‘-Iﬂ = 1}54-0{—“] + 0.'5—10{—2!13]

— 0.426(380) = 0,

we obtain P3; = —315 kN.



Bastidores y Marcos

1m 1 m——1 m——l

EMpia = (2m)G, + (1 m)(8 kN) — (3m)(6kN) =0,
and we obtain the reaction G, = 5 kN. Then, from the equilibrium equation
SF,= A, + G, +8kN =0,
we obtain the reaction A, = —13 kN. Although we cannot determine A, or G,

from the free-body diagram of the entire structure, we can do so by analyzing
the individual members.
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Resuelva

19 S
- K Jl;mgul

600 MM ——ete—— 400 mm =~ 1000 mm

y

B
M, 5 Bt ¥
Pwr !!—5- 2F,=A =,
AJ.1['—m” mm — IF,=A+C=0,

3 Mpping 4 = My — 200 Nem + (1.0 m)C = 0.

A B
AT <
I 200 N-m
A
'y 400 mm




Resuelva

40 Ib
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(hi Ohtainine the free-bodv diasrams of

D
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A,

19in -

SF.=A,— D =0,
IF, = A, —401b =0,
EMpoinia = (18 in) D — (19in)(401b) = 0,
ve obtain the reactions A, = 42.21b, A, = 40 1b, and D = 42.2 Ib.



Resuelva

150N




Calcule la fuerza en el Resorte

37 M, —(50 b)(8 im) + %Fﬁna i) =0= Fy=3541b
'

41n

‘ |

l. )
fiin *

Ay
-
10in S0lb
Now examine BCF

Y Mp:FpQW2in-Fe(l0im=0= Fc=1001b

-8 in k8 in——10 in——10 in—]

ZFZ:—L,_F,,+FL-+FZ=0=> Fe==T51b
V2

1
NF, i ——=Fg+F,=0=2F, =11
W =

D Mp:—T(l6im)+Fc(l0in)=0=T =625

_—
T
R S
Fe
EI
D,
Summary

Tension in Spring = 62.5 Ib
F,=251, F,=-75Ib
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F=117.7
A,=206
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Tren de la Costa







Tren a las Nubes

Salta
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Puentes Nicolas Avellaneda — Riachuelo — Buenos Aires
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Puente levadizo basculante BARRACA PENA - 1913
Riachuelo — Buenos Aires
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ENTRADA AL PUERTO DE ROTTERDAM
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