@s The free body diagrams of each joint and of the entire body are first con-
structed assuming each member to be in tension. These are given in the figure.
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FIGURE S7.6

Note that the geometry is such that each angle is defined by a 3-4-5 triangle.
The joint free body diagrams all contain more than two unknowns, so starting
with the FBD’s of the whole body yields

> M. =0: (—6i— 4j) x (5001 + A4,§) + (—3i) x (~1000j) =

or
—6A,k -+ 2000k + 3000k = 0 or A, = 833 N (up)
> F,=0:-C,+500 =0 or C, = 500 (left)
> Fy;=0:-C,=1000+833=0or C, = —167 N (up)

Next consider the equilibrium equation for joint C'

> F,=0:-BC—-C,=00r BC=-C,=-500 N (compression)

ZFy =0:-CD—-Cy=00tCD = —Cy = 167 N (tension)
The FBD for D yields
> F.=0:—AB— BD3/5=0o0r AD = —3/5BD

Y F,=0:CD+BD4/5=0

or

BC =5/4(CD) = —209 N (compression) so that AD = 125 N (tension)

The FBD for A yields

> F.=0:500+AD+AB(3/5) = 0 or AB = —5/3(625) = —1042 N (compression)

2- F, can be used as a check and again yields A, = 833 N. The FBD for B can
be used as a check.

Alternately, the matrix approach can be used. In this case only the free body
equations for joints A, B, C and D are needed.



From A:

From B:

From C:

From D:

(3/5)AB+AD +500 =0 (z)
(4/5)AB+ A, =0 )

—(3/5)AB + (3/5)BD + BC =0 (z)
—(4/5)AB — (4/5)BD = 1000 ()

—-C;—BC=0 (z)
~G,—CD=0 (3)

—AD - BD(3/5) =0 (x)
CD+BD(/5)=0 (y)

or in matrix form:

( 35 1 0 0 0 0 0 0 "AB' [—500]
45 0 0 0 0 1 0 o0||AD 0
=3/5 0 1 35 0 0 0 o]|BC 0
—4/5 0 0 -4/5 0 0 0 o ||BD|_|1000
0 0 -1 0 0 0-1 0||lcp|™| o
0 0 0 0 -10 0 -1||a4, 0
0 -1 0 -3/5 0 0 0 of|c, 0
L0 0 0 45 1 0 0 o]]|c]| 0 J

Solving via Mathcad matrix inversion yields

AB = —1042 N (compression) A, =833 N (up)
AD =125 N (tension) C: =500 N (left)
BC = —500 N (compression) Cy = —166.7 N (up)
BD = —208 N (compression)

CD = 166.7 N (tension)

b) This is exactly the same as part a except that the y equation for joint D

becomes CD

+ (4/5)BD — 100 = 0. Thus the matrix equation used in part A

can be copied and the last element in the load vector changed from 0 to 100.
The new solution is

AB = —1042 N (compression) A, = 833 N(up)
AD =125 N (tension) C. = 500 N(left)
BC = —500 N (compression)  C, = —267 N(up)
BD = —208 N (compression)

CD = 267 N (tension)

The only elements that changed are the tension in C'D and the reaction Cys



—‘(/j/i free body diagram (ST7.17) of each pin followed by an equilibrium analysis

yields (8 equations in 8 unknowns). From the geometry 6 = tan £ = 26.56°.
From A:

Z F,=0:—-A;+ACc0s26.56° =0 or — A, + 0.8944AC =0 (1)

S Fy=0: Ay— AB— ACsin26.56° =0 or A, — AB — 0.4472AC =0 (2)

From B:
S F,=0:B,+08944BC+BD =0 (3)
3> F,=0=AB+ 447T2BC - 1226 =0 (4)
From C:
S F,=0:-0.8994AC — 0.8994BC +0.8994CD = 0 (5)
3" F,=0:.4427TAC — 4427BC — 4427CD =0 (6)
From D:
S F,=0:-CD(0.8944) — BD =0 (7
> Fy=0:0.4472CD —122.6 =0 (8)
(-1 0 0 0 0.8944 0 0 0 W A, 0
0 1 0 -1 —0.4472 0 0 0 A, 0
0 01 0 0 0.8044 1 0 B, 0
0 00 1 0 04472 0 0 AB | | 1226
0 0 0 0 —0.8994 —0.8994 0 0.8994 AC |~ 0
0 0 0 0 .4472 —4472 0 —.4472 BC 0
0 00 0 0 0 -1 —0.8044| | BD 0
L0 00 O 0 0 0 4472 | \CD 122.6
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FIGURE 5§7.17
Which has solution (in N)

Ay,=2452 AB=1226 BD=-2403
Ay, =2452 AC =2743 CD=274.3
B;=2452 BC=0



: ,jA free-body diagram of each joint (57.23) and the corresponding equations of
7 equilibrium are:
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FIGURE S7.23
A: .
Y F;=0:A;+ ABcos(f + 8) + AC cosf =0 (1)
Y F,=0: A, + ABsin(0 + §) + ACsinf = 0 @)
B:
Y=
~AB cos(8 + () + BEsiny 4+ BD cosf =0 (3)
Y F,=0:
o —ABsin(f + ) — BC + BDsinf — BE cosy = 0 (4)
Y F,=0:-ACcos0 +CFEcosf =0 (5)
Y F,=0:-ACsinf+ BC +CFEsmnf =0 (6)
(students will note that BC =0 and CE = AC)
B
S F,=0:—BDcosf + DFcosf + DGsiny =0 (7
Y F,=0:
—BDsin@— DE + DFsinf — DGcosy =0 (8)
Bl ool e = Biliiny ~ DB unls Blash =1 (9)
ZFy = 0' =
BEcosy— CEsind+ DE + EGsinf =0 (10)
F: (treating the double cable as “one”)
S F,=0:-T—DFcosf+ FHsiny=0 (11)

> Fy,=0:—-DFsinf— FG— FHcosy=0 (12)



e A

—DGsiny — EGcosf + GH cosf =0 (13)
Y F,=0:
DGcosy— EGsinf+ FG+ GHsinf =0 (14)
H: (treating the double cable as “one”)
S F,=0:—FHsiny— GHcosf =0 (15)
S F,=0:FHcosy— GHsing —10° =0 (16)
The solution is
A, =21,9601b AB=17991b BE =11921b (C)
A, =10,0001b AC = -256801b (C) BD =23341b
T=7800b  BC=0 CE = —25,680 Ib (C)
DE =997 1b EG=-269101b (C) GH =-124201b (C)
DF = 3592 1b FH =11,9601b

DG =-11921b (C) GH = —6049 Ib (C)
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