—

Problem 6.26 The Howe truss helps support a roof.
Model the supports at A and G as roller supports. Deter-
mine the axial forces in members AB, BC, and CD.

Solution: ‘The stratepy is to proceed from end A, choosing joints
with only one unknown axial force in the x- andior y-direction, if
possible, and if pot, establish sémultangous conditions in the unknowns.

The interior angles HIB and HJC differ. The pitch angle is
ot { 2 ) =
fFich = 2]
The length of the vertical members:
— 2
BH =4 | — | = 2.6667 ft,
12

from which the angle

g = tan™! (z—ﬁf—ﬁi) =33.7.

The moment about G:

Mg = (4 + 201{400) 4 (8 + 16)(600) + (12){800) — 244 =0,
33600
from which A = == 1400 1b. Check: The total load is 28C0 1b.

From left-right symmetry each support A, G supports half the totad
load. eheck.

The method of joints: Denete the axial force in a member joining two
points [, K by IK.

Joint A:

3 Fy=ABsinop + 1400 =0,

1400
sincp

from which | AB = =-2523.9 1b (C)

ZFJ: = AB costtpyen + AH =0,

from which AH = (2523.9)(0.8321) = 2100 1b (T}

30 1b

T A I J I3 L
|*4ﬂ-’1—-4ﬂ-—|-41‘!——|—-4ﬁ‘—|-4ﬂ——|—-4ﬂ——$

200 1b

AB,
~ Fpiich
oond ™ Gy

Toinl A Toint # Toint B
600 1b

Bl I ¢
Diren .} j Dpiien T 70:]3 c
H I BC o
Joint J Joint €

Joint H':

S Fy=BH =0 o, 84 =0.

ZFX=""” +HI=0,

frem which A7 = 2100 Ib (T)

Joint B:
Z Fy = —AB cos apyey + BC 0S8 0pih

+ BI cas &piten = 0,

from which BC + Bf = AB

410
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members BC, CF, and FG.

Selution:
N Fe —BC—CFcosd5—FG=0
NoFy —CFsmd5” —100=0
SoMe —(FG - 2(100) =
Solving BC = 300 kN ()
CF = —141L4 kN (C)

FG = ~200 kN ()

Problem 6.35 For the truss in Problem 6.34, use the
method of sections to determine the axial forces in

43(7 c » .
45° k !
CF 1m
p
p [
o— <F J —
F F6 G 1m H m
00 KN

the axial forces in members AB, BC, and CF.

Solution: First, determine the forces at the supports

& =45°

-—-—-—a-
Ax
Ar

-—lm-——- ""lm———lm—

F

SoFe Ac=0

STFy Ay+Gy—3F=0
(*EMN - UF)—2Q2F) +3G, = 0
Solving Ay =0 G, =1.67F

Ay = 1.33F

Problem 6.36 Use the method of sections to determine

Method of Sections:

N Fe CE+AR=0
S Fy BO+A,—F=0

(4—2%: (=14, + ()CE =0

Sclving, we get

AB = —|.33F (C)
CE = 1.33F (T)
BC = —033F ()

currently exist. No portion of this material may be reproduc
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Problem 638 The Pratt bridge truss is loaded as B D
shown. Use the method of sections to determine the axial :
forces in members BD, BE, and CE.

: C E
10 kip 30 kip 20 kip
lkl’m 17 fl——17 fl —+—17 11
Solufion: Use the whole structure ¢o find the reaction at A.
DMy (20 KIp)(T )+ (30 Kip)(34 )
10 kip}(51 fiy—A(68 ) =0 v
+ (10 kipX —A(68 fi) = 10 10 20 o
A kip Kip kip
= A =275 kip
Now cut through BD, BE, CE and uvse the left section
ZM,, : A(17 FO) 4+ Fep(8 ft) = 0 = Fogp = 58.4 kip
N Mg : (10 kip)(17 ft) — A(34 f) — Fap(8 () =0
A c >
= Fap = —95.6 kip = L
E_";Fy :A—10kip— 8 Fgg =0 = Fge =411 kip
/153 A 4
10 kip
In Swnmary A

} Feg = 58.4 kip(TY, Fgp = 95.6 kip(C), Fgg = 41.1 kip(T'}

2 Problem 6.39 The Howe bridge truss is loaded as
} shown. Use the method of sections to determine the axial
: forces in members BD, CD, and CE.

|
10 kip 30 kip 20 kip
|-—17ﬂ—+—17n—+—1? ft b 17 £t

Solation: Use the whole structure io find the reaction at A (same B

8 . —p ¥
! as 6.38) A = 27.5 kip B
‘ Now cut through BD, CD, and CE and use the left section.
T Fep
S Mt —AQIT ) — Fup(® fiy = 0 = Fan = —58.4 kip N ¢ 8
k.
P Beg
ST Mpt —A34 )+ (10 Kip)(17 f) + Fep(® f) =0
= Fep = 95.6 kip v
10 kip

8
F,:A~10kip+ —=—=Fep=0= Fep =—41.1 ki
Z ¥ P YT cp [e/>] p

In Summary

1 Fpp = 58.4 Xip(C), Fes = 95.6 kip(T), Fep = 41.1 Kip(C) |
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Problem 6.40 For the Howe bridge truss in Problem
6.39, use the method of sections to determine the axial
forces in members DF, DG, and EG.

Solution: Same wuss as 6.39.

Cut through DF, DG, and EG and use left section
S Mp: —AG4 fy+ (10 kip)(1T 7) + Fro(® fi) = 0
= Frg = 95.6 kip
3 Mg : —AGS1 ft) + (10 kip)(34 i)+ (30 kip)}{17 ft) — Fpp(8 fi)

=0 =3 Fpp = —69.1 kip

8
Fy:A—10kip — 30 kip — ——Fpg =0 = Fpg = —29.4 ki
3R p P— At oe e p

In summary

|FEG — 95.6 kip(T), Fpr = 69.1 kip(C), Fpe = 20.4 kip(C)l

D k.
P> Fpr
17

Fpg

i
E Frg

A 4 \ 4
A 10 kip 30 kip

Problem 6.41 The Pratt bridge truss supports five
forces F = 340 kN, The dimension L = 8 m. Use the
method of sections to determine the axial force in
member JK.

Solution: First determine the external support forees.

—X—:j LéFL }FL ;FL lFL lTFL THr

F=340kN,L=8M

ZF,:

Y Fy Ay—SF+H,=0

x=0

(+EM,,: 6LHy — LF — 2LF ~ 3LF — 4LF = 5LF =0

Sclving: Ay =0,
Ay =850 kN
Hy = 850 kN

Note the symmetry:

Method of sections 1o find axial force in member JK.

F =340 kN

Ay =830 kN
SR
STFy

§+XY M

JK = 1360 kN (T)

CD+JE+CKeosd=0

Ay—2F —CKsinf =90

LUK+ L(F)—2L(A)) =0

Solving,

Also, CK =240.4 kN (T)

CD = —1530 kN (C)
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Problem 6.5¢ Yor the bridge truss shown, use the
method of sections to determine the axial forces in
members CF, CF, and DF.

Solution: From the entire structure we find the reactions at A
S FaiAc=0
S b5 (200 KNY(S m) + (200 kN)(H0 m} + (200 kN)(LS m)

+ {200 KN)(20 m} — A,(20 m) = 0 = Ay = 500 kN

200kN 200 kN 200kN 200 kN 200 kN

4 Y
Ay a A
I

A,

200 kN 200 kN 200 kN 200 kN 200 kN

F

FSm -Sm 5m 1 5m—-|

Now we cut through DF, CF, and CE and use the left section,

3 Mc: (200 KN)ES m) = Ay(5 m) + Ac(3 m) — For(4 m) =0
= Fpr = =375 kN

ZMF : {200 kN)(10 m) -+ (200 kN)(5 m) - A,(10 m) + Ax(7 m)

5 1
—= Fop(d — —=Fce(d =0= Feg = 680 kKN
+ o cef{d m} 5 ce(5 m) cE

5 5
ZFX:AX+FDF+ EFC‘E"‘ ﬁFcpr

= Fep =—374 kN

200 kN 200 kN

o
> FDF

FCE

Summary:

For =315 kN(C), Fcg =680 kN(T), Fer =314 KN(C)
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Problem 6.58 The space truss supports a vertical 10-
kN load at D. The reactions at the supports at joints A,
B, and C are shown. What are the axial forces in the
members AD, BD, and CD?

F4
Solution: Consider the joint D only, The position vectors parallel
to the members from D are 1 kN
Fpa =~ —3j—k,
rpp =i-3j+ 2k, Tpa Tpe
Ton
fpe=2i—3j—k.

The unit vectors paraliel to the members from D are:

oA

——— = —0,7845} — 0.5883] — 0.196:k
Irpal

eDA =

epp = B — 0.2673i - 0.8018] + 0.53d5k
lepel

enc = 25 — 0.5345i — 0.8018] — 0.2673k
frocl

The equilibrium conditiens for the joint D are

2 F = Tpaepa + Toreps + Tncepc —Fo =0,

from which

Z Fy= —0.7845T py + 0.2673Tpp + 0.5345Tpe = ¢
S Fy = —0.5883Tpy —0.80187pg — 0.81087pc — 10= 0

z E, = ~0.1961Tpy +0.5345Tp5 — 0.2673Tpc = 0.

Solve: [ Tpa = —4.721 kN (€) L[ Tpp = —4.157 kN (©)

Tpe = —4.850 kN ()
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Problem 6.63 The space tuss shown meodels an
airplane’s landing gear. It has ball and socket supports
at C, D, and E. If the force exerted at A by the wheel is
F = 40§ (kN), what are the axial forces in members AB,
AC, and AD?

Solution: The important points in this problem are A (1.1, —0.4,
0 B (1,0,0), C(0, 0, §), and D (0, 0, —0.4). We do not need point
£ as all of the needed unknowns converge at A and none involve the
location of point E. The unit vectors along AB, AC, and AD are

usp = —0.2431 -+ 0.970§ -+ Ok,

wac = —0.8361 4-0.304] - 0.456k,
and upp = —0.889i 4 0.323} - 0.323k.
The forces ¢an be writlen as
Trs = TrsWips = Tasxi+ Trsr] + Trszk,
where RS takes on the vatues AR, AC, and AD. We now have three
forces written n terms of unkpown magnitudes and known directions.
The equations of equilibrium for point A are

z Fyx = Taptiapx + Tactiacx +Tapuspx + Fx =0,

EF)‘ = Tagvapy + Tacuacy + Tapiapy + Fy =0,
and Z F, = Tapuapz + Tacuacz + Tapttapz + Fz = 0,
where F = Fyi+ Fyj + Fzk = 40] kN. Solving these equations for

the three unknowns, we obtain T4p = —45.4 KN (compression),
Tac = 5.26 kN {tension), and Tpp = 7.42 KN (iension).

#
v
=

1,6,00m
T.p

. (1.1,-04,0)m
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Problem 6.76 Determine the reactions on member
ABCD at A, C, and D.

Solufion: Consider the entire structure first

S Ma:Dy(0.6m) - (600 N){1.0 m) =0 = Dy = 1000 N

N FriAe=0
3 Fy Ayt Dy GON= 0= Ay = —400 N

- o]

x

600 N

Dy

Mow examine bar CE. Note (hat the reactions en ABD are ppposite to
those on CE.

ZME {600 NYQA m}+ Cp(0Bm)=0= C, =—-300N

ZMH 1 e=Cr (0.4 m) - (600 N){0.4 m) =0 = C; = —G0O N

T
C).
. k4 | N
<, E
600N

In Summary we have

Ar=0, Ay=—400 N

Cy=-600N, Cy=-300N

Dy =0, Dy= 1000 N
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Problem 6.80 The mass m = 120 kg. Determine the
forces on member ABC, presenting your answers as
shown in Fig. 6.25.

Solation: The equations of equilibrium for the entire frame are Ay By Cy
Ay
- Cx
S Fy=Ax+Ex =0, By
Cy
E‘PY = Ay —~2mg =10, Dy Cy
Dy
and summing moements at A,
EX
3 M4 = (03)Ex — (0.2)mg — (0.4)mg =10.
708
Solving yields Ay = —2354 N, Ay = 2354 N, and Ex = 2354 N. 354N Foan
2354 N 4 . 2354 N

Member ABC: The equilibrium egquations are
ZFx=Ax+Cx=0,
3 Fr=Ay—By +Cr=0

and Y Ma = —(0.28y +{0.4)Cr = 0.

We have three equations in the three unknowns By, Cy, and Cy.
Salving, we gei By = 4708 N, Cx = 2354 N, and Cy = 2354 N. This
gives all of the forces ocn member ABC. A similar analysis can be made
for each of the other members in the {rame. The results of solving for
all of the forces in the frame is shown in the fgure,
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