Review: Trusses

« Each joint consists of a single pin to which the
respective members are connected individually.
* No member extends beyond a joint.

* Loads are applied only at joints.

- Each Member is a 2-force member and carries
only axial load

F®

5/

C

Internal forces in 2-force members
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The internal force in a straight 2-force member consists of a
force acting normal to the surface of internal surfaces that are
perpendicular to the member. Force can be positive or negative.
Positive force is tension, negative force is compression.




Frames

« Structures consisting of structural members
connected in arbitrary ways.
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Truss vs Frames
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Calculating forces in structures made of 2-
force members

Find the internal force in each member of the idealized
bike frame. Assume all joints are hinges; all members
have equal length.
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Method of Joints Net force at each joint is zero.

B Fac Fac C

Fa cD All angels 60°

8 Unknowns: Force in each member (5): Fag, Fges Faps Feor Fap
reaction forces (3) A,, A, C,
8 Equations: F,= XF =0 (2 at each of the 4 jonts)




Equations -
Fre BD Feo
/ CY
\
All angles 60° W+, ’
Fep 7
FA CD
o D

D Fa=Fup+Fyg€0s60+A =0,>"F, =F,sin60+A =0
ZFBX—FBC+FBDCOSGO Fre €0560=0, Fy =-W —F,;sin60— Fy, sin60 =0
D Fey =—Fge +Fep €0s60=0, ) F,, =—F,,c0s60+C, =0

D Fox =—Fup — Fap €860+ Fo €0s60=0, Y Fy, = Fy, sin60+ Fyy Sin60 =0

2w Zﬁw 2\/§w 4\/§w ﬁw 24/3 W

w
= =—ay=—"fcd = fad = fab = — foc=———fhd=——""—"
{ax=0,cy 3,ay 3 cd 9 ad 9 ab g be 9 9 }
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> restart  t:=60*Pi/180;

t=—
3

> fax:=fad+fab*cos(t)+ax, fay:=fab*sin(t)+ay,

Jah
Jax =fad + T-%— ax

ek Af 3
iy = +
Ly > Y
> fhx:=fbc+fbd*cos(t)-fab*cos(t)  fby:=-w-fab*sin(t)-fhd*sin(t),
Jhd fab
x =fhe+—/——-—"—
Jex=fbe T -
b3 pads
oy =-w - -
2 2
= fox:=—fhe-foed*cos (t)  foy:=—fod*sin(t)+oy;
Jod
Jox = jbc—i
fedof3
fcy.2—7+cy
> fdx:=-fad-fbd*cos(t)+focd*cos(t) ;fdy:=fed*sin(t)+fbd*sin(t} .
Jbd  ed
Jax = fad—T-%— 5

_fedof3 _pdif3
T2

> solve({fax, fay, fbx, fby, fox, foy, fdx, £fdy}, {ax, ay,cy, fab, fad, fhd, fbc, fod})

\
fax=10, cy—3 =—fad—

2'\/;»0 —4J§w,jcd=2J§w,ﬁd=—2§w,ﬁc=—€w}




3D problem: D> F,=> F,=> F, =0

At each joint
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Equations:XF,=%~F =XF,=0at each joint (12) B E Fas
Unknowns: Total of 12: 5 e
Member forces Fac, Fap, Fag: (3) B z

Reactions :B,,B,,B,, C,,C,,C,, D,,D,,D, (9) X

Forces act parallel to the members

Fac
F‘/V w
FaaNag + FacNae + FopNpyp +Wi=0
Member Unit Vector pointing away from Joint A.
Member AB

n,, = (2ai —5ak)/\29a? = (2i —5k) /29

Member AC Nac = (<3i—j—5K)\/35

Member AD N, = (=3i+j—5k)/35
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Joint A

FasNag + FacNac + Fapnp +Wi=0

Fus (2 —5K) /29 + F, (=3i — j—5K) /<35 + F, (-3i + j—5k) / /35 +Wi = 0

SF, =2F,, /29 —3F,. //35 —3F,, /\/35 +W =0
SF,, = —Fu /N385 +F, /435 =0
ZFAZ :_SFAB/@_SFAC /@_SFAD/’\/%ZO

FAD = FAC

=(\/35/10)W

Fas =—(\29/5)W
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Joints B,C,D

AC

FAD

FuNgs +B,i+B,j+Bk=0
—FuNga +B,i+ Byj+ Bk=0
Y F, =—F,g2/\29+B,=0
> Fy=B,=0

>'F,, =5F, /\29+B, =0

FicNea +C,i+C j+C k=0
—FucN e +Cxi+Cyj+Czk =0
S F, =—F,3/435+C, =0
SR, =F, /\35+C, =0
Y F, =5F,. /\35+C, =0

Fuolos +D,i+D,j+D k=0
-Fponp +D,i+ Dyj+ Dk=0
>y =Fp3/4/35+D, =0
> Fy, =Fip/\35+D, =0

Y Fy =5F /\/35+D, =0
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