Everything that is correct is good, but not evengtthat is good is correct --- By Miguel

ENGINEERING BIOMECHANICS: STATICS !

Josué Martinez, Félix Pérez, Miguel A. Ramos, line&ios, and Mayra Semidey

DIMENSION AND UNITS

1. A heavy woman decides to loose weight. Sheiouddites
on a dietary program and her initial weight was.380N. At
the end of the program her weight was 540 N. Cateuthe
total mass lost by the woman.

2. James had an accident in his car during lagitnid\s a
result he was taken to the hospital and receivebload
transfusion. The blood enters his veins at 0.2.n@&culate
this velocity in inche¥s.

3. A boy was thirsty and he looked up for a gldssater. He
drank 1/8 gallons of water. The density of waterLigcnt.
Calculate the mass of water the boy drank in kg tre
density in Ib/ft.

4. A baby is sick and has fever. His mother is veaolr
because

she reads the thermometer’s temperature which G.3The
problem is that she does not understand this teatyrerscale
and she needs your help. Calculate the baby'samhpe in
R, so the mother can understand it.

5. A man pushes an 80 kg box and now the box isfr@m it
initial position.

Then he had to move it again 5ft. Calculate thal twork the
man realized in Btu.

STATICS OF PARTICLES

1. Consider a cervical traction with two verticaldaone 45
degree strands carrying a traction weight of 2 psufind the
resultant force applied to the head by the thrggpeding
strands[ Lissner 1962, 94].

Cervical neck traction apparaius
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2. In a traction system, three 10 pound forcesapied
to the femur as shown. Find the resultant forcangain
the femur[ Lissner 1962, 95].

10 M
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0 \

Traction system applied to femur.

3. Consider a three hip abductor muscles contgpliire
pelvis in the frontal plane. We will assign forcaues of

10, 40, and 20 pounds on the basis of Inman's atiof
relative mass of the tensor fasciae latae, gluteedius

and minimus muscles. The action lines of these lassc
are estimated to make angles with the horizonta86of

78 and 48 degrees respectively, acting downward and
lateralward. Find the resultant force in the fromiane

of the three hip abductor muscles[ Lissner 1962, 95

e

Forces of three hip abductor muscles controlling th
pelvis in the frontal plane.

4. The forearm of a patient with weak shoulder rassc

is supported in a cuff which is suspended from an
overhead bar. The force in the suspension rope is 4
pounds. What is the tension in ropes A and B which
form angles of 30 and 40 degrees respectively ti¢h
vertical? [Lissner 1962, 96]
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Forces involved in forearm cuff suspension apparatu

5. Dr. Smillie has designed a device for exercisthg
quadriceps in which a pulley rope passes from toberf
beneath the foot through a loop at the patients. Aeension
on the other end of the rope is applied throughlkep system
(not shown). When a load of 20 pounds is appliedht
weight pan, what must be the magnitude of P?[ leis4962,
97].

el

Forces involved in Smillie device for resistancereise for
the quadriceps muscle.

EQUIVALENT SYSTEMS OF FORCES

1. In a manual muscle testing, Brunnstrom considbBes
difference in quadriceps force required to supffeatieg when
it is (1) in a horizontal position, and (2) at 36gdees from
horizontal. In her example the leg is consideredviigh 5
pounds with its center of gravity at 8 inches bekhw knee
axis. The patellar tendon inserts 2 inches belavkitee axis
and its action line forms an angle of 30 degredh thie long
axis of the leg. What tension must the quadricegstéo keep
the leg fully extended against gravitational foinethe two
positions described?[. Lissner 1962, 84].
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HipP

Comparison of two possible muscle testing positimns
the quadriceps.

2. A paraplegic patient contracted his deltoid wéh
force of 227 pounds in order to support the dunitbel
his hand (Fig. 3.2). Let us say the deltoid tulereas 5

in. from the shoulder axis and the exercise weiglihe
hand was 22 in from the shoulder axis. The angle of
force application of the muscle was 17°. How muih d
the dumbbell weigh? [Williams and Lissner 1977,.85]

xl

Graphic determination of stabilizing component, d®,
deltoid force, D, when the angle of force applicatis
17 degrees.

3. A patient lifts a deLorme boot with weights thgh

the range of knee extension. The total weight is 34
pounds for the boot and bar. The action line of the
quadriceps intersects the long axis of the legches
distal to the tibial articular surface at the kraeel forms

an angle of 20 degrees with the leg. The centgrafity

of the boot, bar and exercise weights combined4is 2
inches distal to the knee joint (tibial surfaceha¥is the
pressure against the articular surfaces of the foiae
resulting from muscle tension when the leg is (djuil
extension; (2) flexed to 45 degrees (half way to
extension)?[Williams and Lissner 1977, 85].
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Pressure on the knee joint in quadriceps resistarercise at
two positions in the rage of knee extension. Q adyjiceps

force; T = rotary component of quadriceps; W = mpta
component of the exercise weight, which is 34 pgurithe

angle of force application of the tibia is consaterto be 20

degrees in each case.

4. Consider the total hip joint prosthesis. The myewic
parameters of the prosthesis are such tiatl0 mm, } = 100

mm, g, = 45°, andqzz 90°. Assume that, when standing

symmetrically on both feet, a joint reaction foafe= = 400 N
is acting at the femoral head due to the body weajithe
patient. For the sake of illustration, considerethdifferent
lines of action for the applied force, which arewh in figure.
Determine the moments generated about points Baol tGe
prosthesis for all cases shown[Ozkaya and Marga8es,
38].

Total hip joint prosthesis.

5. Consider an athlete wearing a weight boot, aodfa
sitting position, doing lower leg flexion/ extensiexercises to
strengthen quadriceps muscles. The weight of théetats
lower leg is W = 50 N and the weight of the boot is, W/ 100
N. As measured from the knee joint at 0, the ceoftgravity
(A) of the lower leg is located at a distance IG=c2n and the
center of gravity (B) of the weight boot is located a
distance b = 50 cm. determine the net moment grteedout
the knee joint when he lower leg is extended haitiity
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(position 1), and when he lower leg makes an an§le
300 (position 2), 600 (position 3), and 900 (posité)
with the horizontal[Ozkaya and Margareta 1999, 69].

EQUILIBRIUM OF RIGID BODY

1. A man whose weight is 160 pounds lies on thedoa
We now have a parallel force system in equilibrium.
Find the action line of gravitational force pulling the
subject (in other words, his center of gravity wigispect

to this position)[Williams and Lissner 1977, 57].

b
—

X
L - 72~ J
Method of locating the body’s center of gravityweén
the soles of the feet and crown of the head.

2 A patient is pushing his forearm downward agamst
sling to oppose a 20 pounds exercise weight. The
forearm is not moving and its weight is ignored. avis

the isometric contraction force of the triceps ahe
compression force on the distal end of the
humerus?[Williams and Lissner 1977, 58].
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3. Mean isometric elbow flexion force of young adoien,

with the elbow at a right angle, has been repaatef4 pounds.

If the test strap at the wrist is placed 11 inches) the elbow
axis and the action line of the principle flexor sole is 2
inches from this axis, what is the actual forcetlud flexor
muscles? Ignore some of the flexor group and cenisig
only the 'biceps brachii. [Williams and Lissner T939]

4. A patient with a knee flexion contracture is tsém the
physical therapist for stretching. When a forcd ®fpounds is
applied at the ankle, what tension is placed onhtmastring
muscles? Distances are given in figure. The agrcsiirface is
considered to be the fulcrum. [Williams and Lissh®77, 59]
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5. A man holds a 25 pounds weight in his hand. The
forearm and hand weigh 4 pounds and the elbow is
flexed to a right angle. Distances are given iruifig
Compute the necessary force required in the prcip
elbow flexors to support the load plus the weighthe
forearm. [Williams and Lissner 1977, 60]

CENTROIDS AND CENTERS OF GRAVITY

1. Weights totaling 30 pounds are placed on thé. foo
The leg and foot weigh 9 pounds. The center ofigrav
of the leg and foot together lies 8 inches distatie
knee joint axis, and the exercise weights are 2Rdn
distal to the joint axis. Find the magnitude and
action[Williams and Lissner 1977, 48].

2. Consider the forearm with the elbow flexed taght
angle. A 15 pounds weight is held in the hand, ted
forearm and hand together weigh 3 pounds. The birep
contracting with a force of 70 pounds. The positain
these forces along the forearm is indicated inrégus
the forearm flexing, extending, or remaining
stationary?[Williams and Lissner 1977, 49].
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Figure b. Second center of gravity rotated 90 ekeg

5. Consider the leg shown in figure, which is fiéxe a
right angle: The coordinates of the centers of ityanf
the leg between the hip and knee joints (upper, libg)
knee and ankle joints, and the foot, as measuced fhe
floor level directly in line with the hip joint, argiven in
the table. The weights of the segments of the keg a

3. Patient A weighs 175 pounds. The center of gyavh his percentages of the total weight W of the personatze
thigh lies 8.5 in. above the knee joint, and thfathe leg and provided in the table. Determine the location o th
foot 8 inches below it. Where does the center afity of the center of gravity of the entire leg[Ozkaya and Maega
entire lower limb lie in relation to the knee jonfWilliams 1999, 76]

and Lissner 1977, 51]

Part x(cm) | y(cm) | %W
1 17.3 51.3 10.6
2 425 32.8 4.6
3 45.0 3.3 1.7

4. Find the center of gravity of the lower limb ithe knee

flexed to a right angle. The person weighs 150 geun
Distances are given in figures a and b. The tHiggh,and foot

weigh 14.5, 6.8, and 2.1 pounds, respectively. ljgvils and

Lissner 1977, 52]

Locating the center of gravity of a flexed leg.

ANALYSIS OF SRUCTURES

1. Consider the arm shown in figure. The elbowezdd
to a right angle and an object is held in the hartte
forces acting on the forearm are shown in figunel the
free-body diagram of the forearm is shown on a
mechanical model in figure. This model assumesttiat
biceps is the major flexor and that the line ofiactof
the tension (line of pull) in the biceps is vertiddoint O
designates the axis of rotation of the elbow joivtijch
is assumed to be fixed for practical purposes. tPdiis
the attachment of the biceps muscle on the radius,
the center of gravity of the forearm, and C is &pon

Figure a. Center of gravity
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the forearm that lies along a vertical line pasgimgugh the
center of gravity of the weight in the hand. Thetalces
between O and A, B, and C are measured,ab, andc,
respectively. W is the weight of the object held in the hand
and W is the total weight of the forearmy 5 the magnitude
of the force exerted by the biceps on the radind, R is the
magnitude of the reaction force at the elbow johbte that
the line of action of the muscle force is assuneele vertical.
The gravitational forces are vertical as well. Hiere, for the
equilibrium of the lower arm, the line of action thfe joint
reaction force must also be vertical (a paralletdosystem).
Determine the magnitudes of the muscle tensiontl@goint
reaction force at the elbow[Ozkaya and Margare@9187]

Figure a

Figure b Forces acting on the lower arm.

2. Consider a person strengthening the shouldeclamiby
means of dumbbell exercises. Figure a illustratesposition

of the left arm when the arm is abducted to hotiabrirhe
free-body diagram of the arm is shown in figurenglavith a
mechanical model of the arm. Also in Figure b, theces
acting on the arm are resolved into their rectaagul
components along the horizontal and vertical dioest a
corresponds to the axis of the shoulder joint, Avisere the
deltoid muscle is attached to the humerus, B iscerger of
gravity of the entire arm, and C is the center maivgy of the
dumbbell. W is the weight of the arm,\M¢ the weight of the
dumbbell, ky is the magnitude of the tension in the deltoid
muscle, and Fis the joint reaction force at the shoulder. The
resultant of the deltoid muscle force makes anegglith
the horizontal. The distances between O and A, @ @rare
measured aa, b, andc, respectively.
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Determine the magnitudg,Fof the force exerted by the
deltoid muscle to hold the arm at the position show
Also determine the magnitude and direction of the
reaction force at the shoulder joint in terms odéafied
parameters[Ozkaya and Margareta 1999, 92- 93]

Figure a The arm is abducted to horizontal.

Figure b Forces acting on the arm and a mechanical
model representing the arm.

3. Consider a person wearing a weight boot, anah fo
sitting position, doing lower leg flexion/ extensio
exercises to strengthen the quadriceps musclesesor
acting on the lower leg and a simple mechanical ehod
of the leg are illustrated in Figure.,\is the weight of
the lower leg, W is the weight of the boot,\fis the
magnitude of the tensile force exerted by the quefs
muscle on the tibia through the patellar tendou, Byris
the magnitude of the tibiofemoral joint reactiorrc®
applied by the femur on the tibial plateau. The
tibiofemoral joint center is located at O, the {Hate
tendon is attached to the tibia at A, the centegrafity

of the lower leg is located at B, and the centegrafity

of the weight boot is located at C. The distancssvben
O and A, B, and C are measured asb, and c,
respectively. For the position of the lower legwhothe

long axis of the tibia makes an angféwith the
horizontal, and the line of action of the quadrikep

muscle force makes an anglevith the long axis of the
tibia. Assuming that points O, A, B, and C alldileng a
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straight line, determineyFand K in terms ofa, b, c, g, b,
W;, and W[Ozkaya and Margareta 1999, 108]

Exercising the muscles around the knee joint.

Forces acting on the lower leg.

4. Consider a person flexing the forearm againstOskg
weight. Assume that the arm is weightless and ttieticeps
muscle is the one muscle involved in the flexiohe Tength a
of the humerus is 32 cm and distaricbetween the point of
insertion of biceps into radius and the epoundsmomt js 9 cm.
The length of the forearm (including half the lengif the
hand) is 34 cm. Determine the moment arm of thegsicand
the biceps force at joint anglg = 170°, 135°, 90°, and
45°[T6zeren 2000,, 163].
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Weight of forearm is neglected in the free-bodygckan.

FORCES IN BEAMS AND CABLES
1. A youth weighing W kg lies on the floor and two
other students, each weighings\g, pick him up by the
hands and the feet. The arms of the supportingestad
in combination with the body of the hanging student
form a parabola-like curve, which is in tensiont
denote the span (the horizontal distance) betwben t
shoulders of the supporting students and ddze the
distance from a line between their shoulders to the
bottom of the hanging youth. The supporting stuslent
lean backward to be able to keep the youth off the
ground. Determine the angle of the inclination loé t
supporting students and the force exerted on thethéo
ground[T6zeren 2000, 125].

Two students holding a third at the feet and hands.

2. The man shown is performing seated machine rows
against a resistance of 60 kg. Determine the fbise
hands exert on the machinegt -20°. Note that in this
exercise both arms move back and forth in unisad, a
therefore, the two positions shown in the figure
correspond to different instants of time. The leier
closest to the man's chest @t= -20°[T6zeren 2000,
147].
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3. Consider the beam shown in Figure a. The extgrna
applied force and the reactions at the supportsl itlee beam
(three-force bending), subjecting it to shear sees

In addition to shear, the upper layers of the bassrsubjected
to compression and the lower layers to tensiorurgidp shows
the state of stress occurring at a material pdoricaa section
(sectionaa) on the left-hand side of the applied force F and
above the neutral plane of the beam. Figure ctilitess the
state of stress at the same section below the aiepifine.
Using Mohr's circle, determine the principal stesssand
maximum shear stresses occurring in the beam éosttites of
stress shown in Figures b and c [Ozkaya and Matay4:299,
187]

4. Figure illustrates a bench test that may be teezlibject
bones to bending. In the case shown, the distabéachuman
femur is firmly clamped to the bench and a horiabiiorce

with magnitude F = 500 N is applied to the headheffemur

at point P. Determine the maximum normal and sk&asses
generated at section aa of the femur that is |dcatte vertical
distance h = 16 cm measured from point P. Assuraethe

geometry of the femur at section aa is circularhwitner

radius 1 = 6 mm and outer radiug £ 13 mm[Ozkaya and
Margareta 1999, 188]
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Figure 7.4 A bench test.

5. A cord runs around two massless, frictionledteps;
a canister with mass m = 20 kg hangs from one yulle
and you exert a force on the free end of the c(ap.

What must be the magnitude %if you are to lift the
canister at a constant speed? (b) To lift the tanisy

2.0 cm, how far must you pull the free end of tbed®

During that lift, what is the work done on the dar by
(c) your force (via the cord) and (d) the gravidasl

force on the canister? (Hint: When a cord loopsiiatoa
pulley as shown, it pulls on the pulley with a hatce

that is twice the tension in the cord.)[ Hallidapda
Resnick 2003, 96].

Figure 7.5 Problem 5

Friction

1. A person is trying to push a block up an indline
surface by applying a force parallel to the incliide
weight of the block is W, the coefficient of maximu
friction between the block and the incline is pdahe
incline makes an angigwith the horizontal. Determine
the magnitudé® of the minimum force the person must
apply in order to overcome the frictional and
gravitational effects to start moving the blockénms of

W, u, andy . [Halliday and Resnick 2003, 71]
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2. Consider a patient with neck traction appligcchlipers or
tongs attached to the skull. Let us say the heaidhselO
pounds and the coefficient of friction between iaek of the
head and the bed is 0.17. The action line of tHieytorce is
parallel with the bed surface. Find the maximunctiinal
force which must be overcome before the tractiohwill be

effective in stretching the cervical structures.ilddms and
Lissner 1977, 118]

Application of cervical traction through skullliggers. Head
weight, W, is opposed by N, the force normal to the
supporting surface; traction load P is opposed fy F

3. Now consider a similar traction system in whibk pulley
rope forms an angle of 10 degrees with the horaquitine, a
technique sometimes used to stretch the posteremk n
structures. The pulley rope applies a force P. Firedforce P
required to start the head moving upward towardehe of
the bed[Williams and Lissner 1977, 118].

When the traction rope is slanted upward 10 degthessalue
of N depends on as well as W. C represents temsiarervical
structures.

4. The coefficient of friction between the floorcathe lamp
base is 0.22. A therapist attempts to move the laynpushing
against the upright with force, P. The distancenvben the
floor and the center of gravity of the lamp is 3@hes and
between the floor and the therapist's hand aren88es. The
distance from a vertical line through the centergdvity of
the lamp to the edge of the base is 6 inches Ashbepist

pushes, will the lamp slide as intended or tip
over?[Williams and Lissner 1977, 121].

Method of moving an infrared lamp.

5. A patient in a wheelchair is to go down a 30rdeg
ramp. The total weight of patient and wheelchai2(§€
pounds. A rope tied to the wheelchair takes a tuailf
around a pipe at the top of the ramp, the coefficaf
friction between the rope and the pipe being 0.2haw
force must be applied to the rope to control théianoof
the chair and patient? [Williams and Lissner 19572,

MOMENTS OF INERTIA
1. Suppose the human head is a perfect sphere.
Determine the centroidal polar moment of inertiatod
head area by direct integration. Using the answehé
problem 1, determine the moment of inertia of teac
with respect to a diameter[Beer and Johnson 2004, 4

2. A broken leg with mass m of a patient is heldaby
cord in a pulley at the moment mfertial and radio R.
The cord can turn without friction. Find the temsiim
the cord[Tipler 1999, 266].

MassM™

Broken leg
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3. Determine the Moment of inertia of a uniform lohrmass

M on a human vertebral spine if the bar rotates on a
perpendicular axis on an extreme of the bar. Supplos bar
has insignificant thickness[Ozkaya and Margare@91261].

4. Also determine the Moment of inertia of the bérif the
bar spins on they-axis that goes through the center of
mass[Ozkaya and Margareta 1999, 264].

5. When a 50 kg figure skater with an initial momehinertia

of 0.2 kg.nf draws his arms and a leg inward, he reduces the
distance between the axis of rotation and somenfass,
reducing his moment of inertia. Since angular mamn@anis
conserved, his rotational velocity must increaseaimpensate.
Calculate how much he speeds up by calculatinghbage in

his rotational inertia?[Tipler 1999,252].
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