Civil115 Tutorial 9 (week 11)

Chapter 7(7.5)

TA: Zhu Honggang

Important points:
Truss: features; 

Simple truss: features

Equilibrium of a Truss (2D planar truss)

Analysis of a truss in equilibrium: determine the forces in each truss member and on each support or constrain.  
Two assumptions made for force analysis of a truss:

1. All loads (even weight of a member) are applied at the joints. 
2. The members are joined together by smooth pins. 
With these two assumptions, all members or parts of a truss are two force members. A straight two-force member can transmit either tension or compression, and lines of action of the forces are along the long axis of the member.
A classical method for analysis of a truss: method of joints 
General analysis steps; 

The analysis of special joints; 

1. Conventional (fundamental) method
Build the equations of equilibrium of supports/constrains or joints through analysis and then solve them manually to observe the required unknowns, including the forces in each truss member and on each support or constrain. In some cases, too many equations built at different points need to be solved to get the required unknowns. 
2. Matrix method

Build the equations of equilibrium of supports/constrains or joints through analysis, and express them in a matrix format, and then directly solve the matrix equation using computational tools (based on matrix operation) to observe the required unknowns, including the forces in each truss member and on each support or constrain. In this case, almost all equations built at different points can be solved simply at one time to get the required unknowns. .

Sample problems: 7.19; 7.20; 7.21; 7.27; 
[image: image1.jpg]= 7.19 1In Figure P7.19, a jack support stand for small
sport vehicles is made of five pinned links and supports a
weight of 1500 N. (a) Calculate the reactions at A and B
and the forces in each member. (b) Is member BD neces-
sary? Are there any loads for which it would be neces-
sarv? Explain vour answer.

E7.20 Suppose that you are asked to design the stand
illustrated in Figure P7.19 by choosing the angle 6 that
gives the smallest values of force in each member. A
CONSTAIt on your solution 15 that the stand must be
0.15 m high (that is, DB = 0.15 m) and that the width
of the stand (as measured by the line AC) must be less
than 0.4 m. The maximum load the stand must hold is
1500 N.

B2 Using the approximation suggested in Figure 7.7,
so that plane-truss assumptions still hold, repeat Problem
7.19 by considering the effects of the weight of the mem-
bers. The mass of each member is m,; = my- = 0.5 kg,
mgp = 042 kg, and m,, = me, = 0.28 kg. Does it seem
important to include the mass in this case?

7.27 The wind load on a support structure (see Figure

P7.27) is known to be a maximum value of W = 1000 N.
However, the direction of the wind 6 can vary between 0

and 180°. Neglect the weight of the member, let 8 = 22°,
and calculate the maximum value of the magnitutie-of the
member forces by solving for each force analytically in
terms of 6, letting A vary in increments of 5%, and plotting
each member force as a function of 6. Are there any val-
ues of § for which the structure fails to remain stationary?
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[image: image2.jpg]7.19) The free body diagrams and equations of equilibrium for each joint are
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FIGURE $7.19
From B
ZF =0: —ABcos56.31° + BC cos 56.21° = 0
Y F,=0: —ABsin56.31° — BCsin56.31° — BD — 1500 = 0
From C
Y F:=0: ~CD-BCcosf=0
S F,=C,+BCsind=0
From D

Y. F,=0: BD=0

S F.=0: ~AD+0D=0

Note this last set of equations can be determined or solved by expectation.
Setting up these equations in matrix form results in (for 6 = 56.31°) :

100 cs&6 1 0 0 0][A 0
010 sn6 0 0 0 Of|A, 0
000 —cosb 0 cos& 0 Of|C, 0
000 —sinf 0 —sin6 —1 0||AB|_ 1500
000 0 0 cos& 0 1[|AD|T) 0
001 0 0 smé 0 0||BC 0
000 0 0 o0 1 0f|BD 0
000 0o -1 0o o0 1]lcp 0

The solution, generated by inverting the matrix yields

A =0, AB = —901N, BD=1
A, =T50N, AD=500N, CD = 500N
y , AD = 500N,
C,=T50N, BC=—90IN,

Note as expected that BD = 0 and AD = CD. Some students will note this
before solving the equations, and solve the six remaining equations.

b) From examining joint D the force in BD must be zero unless the joint D
becomes loaded directly. Thus BD may be removed in this jack-stand design.




[image: image3.jpg]7.20 The solution to this design problem follows from the solution to probl ,
Basically a designer needs to look at the values of the member forces as 8(changes
through a range of values limited by the length of the line AC (or AD/2). This
can be done in several ways.

The approach presented here is to use software to repeatedly solve the equations
of equilibrium for each value of §. Note that

6 =tan"'(0.15/z)

and z varies from say .02 to .2 in increments of .02. The matrix of problem 7.19
is used 10 times to produce these values by simply letting # vary in a software
solution. The values are all in newtons.

zm 6° AB AD=CD BC A, A, Cy

.02 824 -757 100 -757 0 750 750

04 751 -776 200 -776 0 750 750

.06 68.2 -807.8 300 -807 0 750 750

.08 619 -850 400 -850 0 750 750

.10 563  -901 500 -901 0 750 750

A2 513 960 600 960 O 750 750 .
.14 420 -1026 700 -1026 0 750 750 ‘

16 432 -1097 800 -1097 0 750 750 X

18 400 172 %0 72 0 750 750 TIGURES7.20

20 37.0 -1250 1000 -1250 0 750 750

So it appears from this simple search that the smallest value of z yields the best
solution to the design problem as stated. If students take this approach they
may be lead to the conclusion that z = 0 would be the best choice. It is not
becanse then the two side supports collapse to one and the load will shoot up o
1500N. The other problem is that of stability. z = 0.02m is more likely to fall
over this z = 0.2m. This often happens in designs that not all of the parameters
or constraints are thought of the first time (hence all the auto recalls) and the
problems really should be restated with this criteria in mind. You can use this
as a point of discussion in class.

/721 First convert, the masses to weights to get
Was = Wac = (0.5)(9.81) = 4.91 N,

Wap=Wep = (0.28)(9.81) = 272 N
and
Wb = (0.42 kg)(9.81 m/s?) = 412 N.

Next compute the equivalent weights at each joint. At joint A:
1 .
Fa=5(Wa + Wap) = ~381 N j,
at joint B,

Fp=

rl

1 -
(Wap +Wgp + Wpe) = 5(491 +4.12+491)=—6.97Nj,




[image: image4.jpg]at joint C,

F.= %(WBC +Wgp) = %(491 +2.72)=-382Nj

and at joint D,

1 &
Fo= %(WAD +Wap +Wop) = 3(272+4124+272) = 478 N .

Each of these forces must now be added to the respective joint free-body diagram
of the solution given fn 7.19. This adds an additional load force to each y
direction equilibrium equation. These forces then end up in the load vector of
the matrix solution. The new load vector is now

[0 381 0 1506.97 0 382 4.78 0T

The solution becomes

A, =0N, AB

—9085N, BD=478N,

A, =T759.7N, AD=5039N,  CD=5039N
C,=T59.TN, BC = —908.5N

The minus sign indicates compression as usual. Compared to the solution ob-
tained in problem 7.19, the value changes only a few results. For instance, AB
changes from 901 to 908.5 N in magnitude and of course the member BD no
longer carries a zero load, roughly a 1% difference in the calculated loads. So
it doesn’t make much difference in this case.

\jA free body diagram of each joint followed by the equation of equilibrium for
that joint follows.
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FIGURE 87.27
Joint A
S F, =0 yields A, + AB + AC cosf = 0 0

¥ F,=0yields A, + ACsing =0 2




[image: image5.jpg]Joint B

Y F, =0 yields —AB + BDcos 3 = 0 3)

. F, =0 yields B, + BC + BDsin g =0 (0)]
Joint C

T F, =0 yields —~ACcos 3+ CD =0 (5)

¥ F, =0 yields —BC — AC'sinf =0 (6)
Joint D

X F. =0 yields

~CD - BDcosf+Wcosf =0 )

T Fy =0 yields —BDsinf — Wsinf = 0 (8)

Computing the solution symbolically by writing it in matrix form or calculating
a symbolic inverse yields

Ar=—Weost B, = Winhemti2inoeos
A, w nﬁcuui:;nﬂmﬂ BC = _Wﬂnﬂmmnimﬂ
AB = -Wsinfcosf/sinf  BD=—Wsind)sinf

 y sinfeostindcost _ysinpe tsmtces
AC =Wanbgiphgest  Gp = ysademtty

plotting these for § = 22°, W = 100 N at 5° increments and examining the
curves yields that the maximum load occurs in member AC and at 74° which
vields a value near 2860 N. Examining a plot of B, illustrates that for values of

6 >168.5°

the force is negative. The ball joint at B does not restrain negative loads so
that mode tells us that for wind loads such that

168.5 < 8 < 180°,
the structure is no longer in equilibrium and the wind will lift the structure and

Totate it around the pin at A as the structure is improperly constrained for this
load.




Practice: Please try to carefully consider problem 7.25 and finish it.
