FE Exam Review for

Structural Analysis
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Structural Analysis is part of the afternoon exam.

In the afternoon, you are to answer 60 questions, and Structural Analysis is about 10%
of the test content (or about 6 questions).

Each question is worth 2 points.

You are expected to know:

Structural analysis of statically determinate beams, trusses and frames.
Deflection analysis of statically determinate beams, trusses and frames.
Stability analysis of beams, trusses and frames.

Column analysis (e.g. buckling, boundary conditions).

Loads and load paths (e.g. dead, live, moving).

Elementary statically indeterminate structures.
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The only page in the “Supplied-Reference Handbook” related to Structural Analysis
(shown in the next page).
Make sure that you know how to make best use of it, as it contains:
1. Reminder of what do we mean by “Moving Loads”.
2. Beam-Stiffness and moment carryover: to use for the analysis of statically
indeterminate beams (unlikely that you get a Sl frame).
3. Equations for the calculations of the deflections of trusses and beams using the
virtual work method. Careful it is the virtual force/moment time the actual
displacement (FL/AE for trusses, and M/EI for beams).

4. Member fixed end actions for uniform and concentrated load.
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for the maximum deflection of

| strongly recommend that you also memorize: A=

a uniformly loaded, simply supported beam.

Careful with the SI units, GPa is 10° Pa or 10° N/m? Many problems use the Sl system.
In most cases, you will be dealing with round numbers, which greatly simplify your
calculations.

Do not be tricked in believing that all triangles are 3-4-5.



STRUCTURAL ANALYSIS
Influence Lines for Beams and Trusses

An influence line shows the variation of an effect (reaction,
shear and moment in beams, bar force in a truss) caused by
moving a unit load across the structure. An influence line is
used to determine the position of a moveable set of loads that
causes the maximum value of the effect.

Moving Concentrated Load Sets
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The absolute maximum moement produced in a beam by a set
of "n" moving loads occurs when the resultant "R" of the load
set and an adjacent load are equal distance from the centerline

of the beam. In general, two possible load set positions must
be considered, one for cach adjacent load.

Beam Stiffness and Moment Carryover
M B= M ;JE
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kyp = stifiness Mg = M,/2 = carryover

Truss Deflection by Unit Load Method

The displacement of a truss joint cansed by external effects
(truss loads, member temperature change, member misfit) is
tound by applying a unit ioad at the point that corresponds to
the desired displacement.

members
ﬁ_itﬂ'.lrt _— _gﬁ(ﬂlL}‘.

where: A

ot — Joint displacement at point of application

of unit load ( + in direction of unit load )
fi = force in member "{" caused by unit load
{+ tension)

(AL), = change in length caused by external effect

(+ for increase in member length):
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[—&) for bar force F caused by external load
f

AE
oL (AT), for temperature change in member

{ct = coeflicient of thermal expansion)

= member misfit
L, A4 = member length and cross-sectional area
E = member elastic modulus

Frame Deflection by Unit Load Method

The displacement of any point on a frame caused by external
loads is found by applying a unit load at that point that
corresponds to the desired displacement:

members
4 x = L
Hie i§1 f’mﬂ EL o
where: A = displacement at point of application
of unit load {+ in direction of unit load)
m; = moment equation in member "i" caused
by the unit load
M, = moment equation in member "i" caused

by loads applied to frame
L, = length of member "i"
L =

e

moment of inertia of member

If either the real loads or the unit load cause no moment in a
member, that member can be omitted from the summation.

Member Fixed-End Moments (magnitudes)




m the PVC, the low point is located at

Determine the tangent offset, i/ at the low point.

Problem 38

The y-coordinate (measured from the top) of the cen-
troid for the T-shaped beam is

0.05m 0.06m 0.06m

| x

0.08 m
Ye

0.23m
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Solution
Divide the beam into two shapes as shown

A1 = (0.08 m)(0.15 m)
=0.012 m?

Ay = (0.05 m)(0.15 m)
= 0.0075 m?

The distance from the top of section 2 to the centroid is

y’ - ZAiyc,i
c Z“ A4

((0.012 m®) (QSE»

0.15 m

+ ((0.0075 m?) (T +0.08 m))

0.012 m?2 + 0.0075 m2

= (.08 m

The answer is A.

Problem 39

The force in member HE from the truss shown is most
nearly

1.5m
- 30m -

120 m

) 1110 N compression
) 1110 N tension

) 2490 N compression
)

(A
(B
(C
(D) 2490 N tension
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Solution
Sum moments about A to find the vertical reaction at E.

ZMA:O

. RE,’IJ

 dga

(2224 N)(6 m)
12m

=1112 N

Eo =

The free-body diagram about point E is

EH
DE RE,v

Summing forces in the horizontal direction gives the
horizontal reaction at E as 0 N.

The sum of forces in the vertical direction is

—Rag,p = 0 Ibf

= 1112 N compression

FEH,v

The horizontal component of the force in member EH is

Femp = (2)(1112 N)
= 2224 N

The resultant force in member EH is

Fgu = \/(FEH,v)Z + (Feup)

= \/ (1112 N)Y* + (2224 N)?
= 2487 N compression (2490 N compression)

The answer is C.

Problems 40-42 are based on the following information
and illustration. :

A plane truss is loaded as shown.

5m

Practice Problems 27

Problem 40

The magnitude of the vertical reaction force at sup-
port A is most nearly

Solution

Since support D is a roller support, the horizontal re-
action force, Ra,, is 0 kN. To find the vertical reaction
at support A, Rg,, a free-body diagram is drawn of the
entire truss and moments are summed about support D.

Ray(15 m) — (20 kN)(5 m) = 0 kN

n _ 20KN)(5m)
AV T 5m

=6.67kN (6.7 kN)

The answer is B.

Problem 41

The magnitude of the compressive force in member AB
is most nearly

(A) 4.2kN
(B) 6.7kN
(C) 8.5kN
(D) 11 kN

Solution

From Sol. 40, the reaction at support A is 6.67 kN.
Next, a free-body diagram is drawn for support A with
member forces and their force components. Using the
Pythagorean theorem, the relative magnitudes of each
force and each force’s horizontal and vertical compo-
nents can be found. (In this case, 6.403, 5, and 4 are
the relative magnitudes of the member AB force and
the forces’s horizontal and vertical components, respec-
tively.)

Fagy

V Fas

*FABX

— Fpr = Fax
v

A T
% TR £y E % w%»m?w«m-i—mw:‘% R, = 6.67 kN

= PPl o www.ppiZpass.com




28  Civil Discipline-Specific Review for the FE/EIT Exam mmssm

For equilibrium, all forces on a free body must sum to
0 kN. Summation of vertical forces gives

FABy -+ RAy =0 kN
This can be rearranged to give
Fppy = —Ray = —6.67 kN

Recall that joints in trusses are frictionless, so no bend-
ing moments exist.

The force and its components are proportional to the
geometric lengths of the triangle sides.

6.403 m
Fpp = <—A—l_m—> Fagy

(6.403 m

) (~6.67 kN)

=—10.68 kN (—11kN)

The answer is negative. This means that the calculated
force is in the opposite direction to the assumed force di-
rection on the free-body diagram. Since the member AB
force was assumed to apply tension on the free-body di-
agram, the negative answer means that member AB is
in compression.

The answer is D.

Problem 42

The magnitude of the force in member EF is most nearly
(A) 42 kN
(B) 5.3 kN
(C) 6.7TkN
(D) 8.3kN

Solution

From Sol. 41, Fagy is ~6.67 1N. The horizontal com-
ponent of the member AB force is

5m
Fppz = (H) Fapy

= (Z—%) (~6.667 kN)

= —8.33 kN

For equilibrium at support A, the sum of the horizontal
forces must be equal to 0 kN. The force in member AE is

Far = Fapg
= —Fapy
= —(~8.33 kN)

= 8.33 kN

PPl & www.ppiZpass.com eemesmmm—

The positive sign in the calculated member AE force
means that the assumed direction of the force on the
free-body diagram, which indicates tension, is in the
same direction as the calculated force.

A free-body diagram of joint E will show that the ver-
tical member BE is unable to sustain any horizontal
force. Therefore, the force in member EF is the same
as the force in member AE.

Fep = Fan :
=833 kN (8.3 kN)

The answer is D.

Problem 43

If the truss members are made of steel and the cross-
sectional area of each member is 1000 mm?, the magni-
tude of the vertical deflection at joint E is most nearly

(A) 0.70 mm
(B) 1.1 mm
(C) 1.6 mm
(D) 2.8 mm

Solution
Use the principle of virtual work (unit load method).

The actual forces in each member can be determined
by applying the equations of equilibrium to each truss
joint and are shown as follows. (Some round-off error
exists in these calculated numbers.)

Truss member lengths in meters are as follows.

B 5 C
6> 4| 99 4 6y
A 5 E 5 F 5 D

20 .

B___ 16.67 VC

8.33 A 16.67 -

3

S N [667 [6.67 3 l13.33
£ o >
£

f ~ 833 E~ 833 = F~ 1667

D

6.67 ’ 13.33




Application of a vertical unit load at joint E results
in the virtual member forces in kilonewtons as follows.
(Some round off error exists in these calculated num-
bers.)

B_ 042 _C

———3
G i

0.83 V 0.42 A 0.42

Q 0.33 10.33 I 0.33

1 ‘D >

Tt is recommended that a table be used to keep all vari-
ables organized. Use negative values to represent com-
pression.

Fp Fo L  FoFpl

member (kN) (kN)  (m). (kN?m)
AB -10.67  ~1.07 6.4 73.1
BC -16.67  -0.42 5.0 35.0
CD -21.34  -0.53 6.4 72.4
AE +833 4083 5.0 34.6
EF +833 +0.83 5.0 34.6
FD +16.67  +0.42 5.0 35.0
BE +0.00  +1.00 4.0 0.0
CF -6.67  +0.33 4.0 -8.8
BF  +1067 053 6.4 -36.2
T = 939.7

The modulus of elasticity of steel is F = 2.1 x 10*! Pa.
~ Since the area and modulus of elasticity are the same
for all truss members, their product, AE, is common to
all members and can be taken outside of the summation
for simplification. Therefore, the vertical deflection at
point E can be found by

FplL
Ap =Y FoiL= ZFQ—EE
1 :
- <I4'E> > FyFpL
239.7 kN?-m

1m
2
(1000 mm?) <1000 mm)
X (2.1 x 10! Pa) < L kN )

1000 N
x (1000 EHIIE)

=114 mm (1.1 mm)

Since the unit load in the virtual force system was down-
ward and the answer is positive in sign, the actual de-
flection is also downward.

The answer is B.

Practice Problems 29

Problems 44 and 45 are based on the following illustra-
tion.

AT e e

iﬁ/z e

|
a ¢

< 5m ' 5m 5m
-

IS

Problem 44

The magnitude of the vertical reaction force at sup-
port A is most nearly

Solution

Since support C is a roller support, there is no horizon-
tal reaction force at that point. The vertical reaction
force at support A, Ra,, can be found by converting
the uniformly distributed load, w, into a resultant point
load. N
W=wl= <5 —) (5 m)
m
=25 kN

This resultant load is located at the centroid of the uni-
formly distributed load.

resultant W= 25 kN

| ;

The support A vertical reaction can then be found by
summing moments about support C. This results in a
vertical reaction at support A of

Ry (10 m) — (15 kN)(5 m)
+ (25 kN)(2.5 m) = 0 kN-m

(15 kN)(5 m) — (25 kN)(2.5 m)

Ray =

10 m
=125kN (1.3 kN)

m PPl e www.ppiZpuss.com
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Since the answer is positive in sign, the direction of the
calculated reaction is the same as that of the assumed
reaction; that is, the direction of the reaction is upward.

The answer is A.

Problem 45

The magnitude of the maximum vertical shear in the
beam is most nearly

(A) 13kN
(B) 14 kN
(C) 25 kN
(D) 39 kN

Solution

One way to determine the answer to this problem is to
construct a shear diagram. The change in shear is the
area under the applied loading. Although a moment
diagram is not required for this problem, it follows that
the change in moment is the area under the shear dia-
gram, so a moment diagram is usually included.

bm 5m 5m

w =5 kN/m

B
|
!
Ray=1.25kN | Rey = 38.75 kN
|
| |
| 25
125 |
VN o

M{kN-m) 0

~62.5

As can be seen, the maximum value of vertical shear is
25 kN at support C.

The answer is C.

PPl & www.ppiZpass.com  semmeme

roblems 46 and 47 are based on the following inform
tipn and illustration.

The cross section of a reinforced concrete beam
tension reinforcement is shown. Assume that the Yeam
is un{erreinforced.

£ = 3000 Ibf/in®

f, = 40,000 Ibf /in*

Ay, =31in? [three no. 9 bars]

20 in
23 in

Problem 46

In accordance with American Concrete Institute (ACT)
strength design, thle allowable moment capacity of the

Solution

_ és_ . 3 in?
P~ %~ (121)(20 )
= 0.0125

In an/ actual design and analysis situation, \a check
should always be made to see that the actual r&inforc-
ing gteel ratio falls between the allowable maximun and
allpwable minimum steel ratios, even though this theck
is/not required to solve this specific problem.
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The minimum required length of spiral transition be
tween the curve and road is most nearly

(A) 28 &

36. The design requirements for a section of/highway
with a\l1.5% grade are as follows.

design speed = 80 ¥m/h
coefficient, of friction = 0.
driver reaction time = 20 s
driver eye height = J.2 m
object (to be avoided) height =/0.2 m

The downhill fesign braking distancg for this highway
is most nearly

(A) 45m
(B) 75 m
(C) 100 m
(D) 120 m

37. A crest on a sectiopn of highway consists of a vertical
curve with a 1500 m radius And a positive 1% grade fol-
lowed by a negative 3% &rade. The design requirements
are as follows.

design speed = 80 km/h
driyer eye height = 1.2 m
object (to be avoided) height = 0.2 m
stopping sight distance =300 m

The minimum reqpired length &f vertical curve needed
to satisfy the degign stopping §ight distance is most
nearly

(A) 680

(B) 700
(C) 760/m
(D) 84¢ m

38. A syperpave design mixture for a\highway with
ESALs £ 107 has a nominal maximum hggregate size
of 19 mim. The mixture has been tested\and has the
following characteristics:

air voids = 4.0%
VMA = 13.2%

VFA = 70%

dust-to-asphalt ratio = 0.97
at N = 8 gyrations, Gym = 87.1%
at N = 174 gyrations, Gy = 97.5%

PPI o www.ppiZpass.com
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o these characteristics satisfy their corresponding s
pave requirements?

) Yes, all the parameters are within an
able range.

0, the VMA is excessive.

39. A road leadink to a stone
40 trucks, with each thuck maki
per day. When fully ldaded,
front single -axle transmitting a force of 10,000 Ibf and
two rear tandem axles, epth axle transmitting a force
of 20,000 Ibf. The load gquivalency factor for the front
single axle is 0.0877. /The load equivalency factor for
each rear tandem aye is 0.1206.

arry is traveled by
an average of 10 trips
ach truck consists of a

(ESAL) for
ost nearly

Problems 40 and 41 are based on the following illustra-
tion.

5m ' 5m 5m

40. The magnitude of the maximum bending moment
in the beam is most nearly

(A) 6.3 kN-m
(B) 14kN-m
(C) 25 kN'm
(D) 63 kN-m

41. If the beam is made entirely of steel and the whole
beam has a moment of inertia about the axis of bending
of 2.0 x 108 mm?*, the magnitude of the vertical deflec-
tion at point D is most nearly

(A) 0.20 mm
(B) 2.3 mm
(C) 23 mm
(D) 50 mm
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Problems 42 and 43 are based on the following informa-
tion and illustration.

A truck is facing in its intended direction of travel along
the beam as shown.

71.17 kN * * 17.79 kN
(rear axie) (front axle)

42. For a truck traveling in the direction shown, the
maximum vertical live load shear at support C is most
nearly

43. For a truck traveling in the direction shown, the
maximum live load bending moment at support C is
most nearly

(A) 80 kN'm
(B) 90 kN-m
(C) 140 KN-m
(D) 360 kN-m

Problems 44 and 45 are based on the following informa-
tion and illustration.

A plane truss span is shown. The roadway behaves as
simply supported beam spans between the supporting
lower chord truss joints. By convention, positive forces
are tensile forces, and negative forces are compressive
forces.

X
roadway) 4m

Practice Exam 1 47

44. In the z-direction as shown, the maximum influ-
ence line ordinate for tensile force in member BF is most
nearly

(A) 0.18 kKN/kN
(B) 0.36 kN/kN
(C) 0.53 kN/kN
(D) 0.71 kN/kN

45. In the z-direction as shown, the maximum influ-
ence line ordinate for compressive force in member BF
is most nearly

(A) —0.71 KN/KN
(B) —0.53 kN/KN
(C) —0.36 kN/KN
(D) —0.18 kN/kN

Problems 46 and 47 are based on the following informa-
tion and illustration.

The cross sections of two short, concentrically loade
inforced concrete columns are shown.

£ = 4000 Ibf/in2
f, = 60,000 bf/in2
18 in ' . 18]

; longitundinal
"\ reinforcement f-

round spiral column
{cross section)
(Prob. 46)

square tied column
(cross section)
(Prob. 47)

46. For the short round/spiral\column, the applied axial
dead load is 150 kips,/and the applied axial live load is
350 kips. Assuming that the lopgitudinal reinforcing
bars are all the sargle size, the mintynum required size of
each longitudinal/reinforcing bar is

47. Epr the short square tied column, the applled axial
dead/ load is 150 kips, and the applied axial live load
is 250 kips. Assuming that the longitudinal reinfoxcing

PPl & www.ppiZpass.com
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7. There are two equations to check.

First, where stopping sight distance, S, is less than fhe
cukve length, L:

AS?
(100%) (v2H, +v2Hs)"
(1% — (—3%))(300 m)?
(100%) (/@)T2 m) + /(2)(02
756.4 m

the curve length:

1 g\ (200%) (VET + VA’

A
A (200%) ( +02m)’
= (2)(300 m) 73

= 481.0 1y

Since the previous two equationg show that the stop-
ping sight distangce is less thary the curve length, the
minimum required vertical curfe length is

L% 756.4m/ (760 m)

The answer is C.

38. This mixture wolld pe designated as a 19 mm su-
perpave mixture. The {ifnits for such a mixture are

air voids = 4.0%
minimum VMA = 13%
VEA = 65-75%
dust-to-asphalt ratio = 0.6-1.2
at Niyy = 8 gyfations,\maximum Gy, = 89%
at Nypax = 174 gyrations, maximum G, = 98%

All parameters in this mixture are within superpave
specifications.

The answer/is A.

39. The tohal ESAL per truck fdr each trip is
ESALgzuex = (1 single axle)(0.0877)
+ (2 tandem \axles)(0.1206)
= 0.3289 ESAL/tryuck-trip

The fotal daily ESAL for 40 trugks, each making
10 trips a day, is

ESALg,y = (40 trucks) (10 tdl;s>

x<0.3289 BSAL )

truck-trip
= 131.56 ESAL/day

PPl e www.ppiZpass.com memmssmm——

Solution Practice Exam |

nswer is D.

40. Construct shear and moment diagrams. The change
in shear is the area under the applied loading, and the
change in moment is the area under the shear diagram.

5m 5m 5m

P=15kN

V{kN)

M{kN-m) 0

-62.5

The largest magnitude of bending moment is
—62.5 kN-m (63 kN-m) at support C.

The answer is D.

41. Use the principle of virtual work to find the vertical
deflection at point D.

M
Soan
The moment functions in the directions indicated by
the local z-coordinate for each beam segment under the

actual loading are shown on the following moment dia-
gram. ‘ .
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5m 5m 5m

P=15kN .
w =5 kN/m

B
|
|
} Rey = 38.75 kN
|
| |
| |
|
— X —>X : X~
i |
|
|

M=L%x:
6.25

M (kN-m) 0

Aﬂ=:&25—1375x—}

M = -25x2

-62.5

'The moment functions in the directions indicated by the
local z-coordinate for each beam segment under the vir-
tual unit loading at point D are shown on the following

moment diagram.

m{kN-m) 0

A table summarizes the moment functions as follows.

region region region
A-B B-C C-D
function 0<z<5 0<z<5 0Lz<L5
M 1.25x 6.25 - 13.75c  —2.5z?
m —0.5z -2.5-0.5z -
ET EI EI EI

= Practice Exam 1 Soluions 57

The modulus of elasticity of steel is £ = 2.1 x 10*! Pa.

From the principle of virtual work, the vertical deflec-
tion at point D is

5
AD:/O (052)(1.252) .

EI
5 (=2.5 - 0.52)(6.25 — 13.75z)
+/0 5T dx
5 (—z)(—2.52%)
+/0 7 dz
~0.6252%|° 5
ZO82 156950
3 0 0
_ | s esrse? °
El 2 |, 3 |,
2.524|°
4 0

—26.042 kN?m3 — 78.125 kN2. ;3
+390.625 kN?-m?
+ 286.458 kNZ.m?

+ 390.625 kN?-m?

1 kPa
1000 Pa,

(2.1 x 10 Pa) (

Im
2.0 x 10° mm?) [ >
x (2010 mm)(lOOOmm>

x (1000 22)
m
=229 mm (23 mm)
Since the unit load in the virtual force system was down-

ward and the answer is positive in sign, the actual de-
flection is also downward.

The answer is C.

PPl e www.ppiZpass.com
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42. Construct and use an influence line for vertical shear
at support C. The influence line is constructed by plot-
ting the change in response on a free-body diagram of
a section of beam at support C as a unit load travels
across the structure.

5m . 5m ) 5m
1kN].
—-x
AEE i
\ B
|
|
Rny | IRCy
|
| I
' {
i | 15
| 1.0
|
0 | !
influence line for Vi (kN/kN}
load position 7117 kN 17.79 kN

for maximum (rear axle} (front axle)

vertical shear
| e |
427 m

The load position shown results in the maximum re-
sponse in the beam at support C for the specified di-
rection of travel. The maximum vertical shear can be
found by superposition as

kN
=106.8 kN (110 kN)

KN
Ve max = <1.5 —) (71.17 kN)

This problem asked for the magnitude of maximum ver-
tical shear at support C for a truck traveling in the
direction shown. If this problem had asked for the mag-
nitude of maximum vertical shear at support C for the
giwen truck azle configuration, the axle load positions
would have to be switched around and both axle loads
placed on the influence line with the heavier axle load
on the larger influence line ordinate and the lighter axle
load on the smaller influence line ordinate. This would
result in a larger numerical answer.

The answer is D.

43. Construct and use an influence line for bending mo-
ment at support C. The influence line is constructed by
plotting the change in response on a free-body diagram
of a section of beam at support C as a unit load travels
across the structure.

PPl @ www.ppiZpuss.com’ eemss

5m ) 5m ) 5m

TkN

B
|
1
RAy I IRCV

|
| |
| |
| |

0] | I

influence line for Mg
(kN-m/kN) -5
load position 7117kN  17.79 kN

for maximum (rear axle) (front axle)

bending moment
|
4.27 m

The load position shown gives the maximum response
in the beam at support C for the specified direction of
travel. The maximum bending moment can be found
by superposition as

kN-m
Mc max = ’(—5 W) (71.17 kN)‘

—355.8 kN-m (360 kN-m)

This problem asked for the magnitude of maximum
bending moment at support C for a truck fraveling in
the direction shown. If this problem had asked for the
magnitude of maximum bending moment at support C
for the given truck azle configuration, the axle load po-
sitions would have to be switched around and both axle
loads placed on the influence line with the heavier axle
load on the larger influence line ordinate and the lighter
axle load on the smaller influence line ordinate. This
would result in a larger numerical answer.

The answer is D.

44. Construct an influence line for the force in mem-
ber BF. The influence line is constructed by plotting
the change in response in member BF as a unit load
travels across the structure.




5m 5m , 5m

X

—
A
A 8T 7

|
|
influence |
line for FBF 0 ;
(kN/KN)

-0.53

‘When moving the unit load across a truss structure, this
load must be distributed to the two joints. It is stated
that the roadway acts as simple beam spans between
truss joints. Therefore, when a load is placed between
truss joints, the two joints adjoining the beam span act
as simple beam supports and the magnitudes of the
loads applied to the two truss joints are the same as for
the calculated reaction forces of this beam.

The maximum ordinate for tensile force in member BF
is 0.53 kN/kN.

The answer is C.

45. From the influence line in Sol. 44, the maximum

ordinate for compressive force in member BF is —0.53

he answer is B.

= (0.85)(0.85 . Aconcrete + fyAs)
= (0.85)(0.85f.(44 — As) + fyAs)

Practice Exam 1 Solutions 59

t is required that ¢P, > P,. For axial compressio
ith spiral reinforcement, ¢ = 0.70. Setting ¢F,, =

P, ,
—0.85f'4
_ 0.85¢ 08514

s f, — 0.85f!

. Ib
(740 kips) (1000 Eﬂ;)

(0.85)(0.70)
—(0.85) <4000 %) <

bt
60,000 _% — (0.85) <4000 ,
m

m(

A bar area of 1.11 in? ig datisfied by a mo. 10 bar,
which has a nominal area/of 1,27 in?.

In an actual design/analysis situation, a check should
also be made to see that the adtual longitudinal rein-
forcement ratio does nat exceed the maximum allowable
ratio of 0.08.

The answer is D.

47. Determine th¢ amount of reinforcing steel required
by the minimum/ required reinforcemept ratio, pg, of
0.01. The minimum area of reinforcing steel required is

As = pgAy
= (0.01)(18 in)?
= 3.24 in®

Determine the required amount of reinforcing steel based
on the factored axial load, P,.

Pu = 1.2Pgead + 1.6 Fijve
= (1.2)(150 kips) + (1.6)(250 kips)
= 580 kips

= PPl o www.ppiZpass.com
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he traffic flow relationship is given by ¢ = kv, in whig
g\is the traffic volume in veh/hr. The maximum traffic
volume for this road is most nearly

(A) 760 veh/hr
B) 880 veh/hr
(§) 900 veh/hr
(D). 960 veh/hr

38. The §topping sight distance is 430 ft for a design
speed of 58 mph on a section of highway. /The grades
for this highway section are —1% followed/by 3%. The
required length of vertical curve needed fto satisfy the
AASHTO stopping sight distance for this design speed
is most nearly '

(A) 270 ft
(B) 380 ft
(C) 410 ft
(D) 450

39. A one-lane rural road has a 10° curve extending for
230 m along its centerlife. Thé road is 5 m wide with
3 m wide shoulders. The, desjgn speed for this road is
75 km/h.

The superelevation needed/§o that side friction is not
needed is most nearly

(A) 0.00050
(B) 0.034
€) 11
(D) 1.9

[\

40. The worn surface course of a high-volume pave-
ment is being replaced with a design Yequiring a total
structural numbgr of 6.6. The engineel has decided to
replace 6 in of the surface with recycled-iy-place asphalt
concrete having a surface course strength\ coefficient of
0.42, leaving jn place 3 in of sound original pavement
having a str¢gngth coefficient of 0.3. Undey the origi-
nal pavemept are a 10 in cement-treated base having
a strength toefficient of 0.20, and an 8 in san{ly gravel
subbase. What is the minimum strength coeffigient for
the subbgse?

(AY 0.05
(B) 0.10
) 0.15
D) 0.20

PPl @ www.ppi2pass.com  memm

Practice Exam I

@

Problems 41 and 42 are based on the following informa-~
tion and illustration.

The beam shown is loaded with two 1000 N point loads.
The separation is maintained at 2 m, but the loads may
be moved to any location on the beam.

2m
1

1000 N 1000 N

10m 10m

i

41. The maximum value for shear at support A is most
nearly

(A) 2000 N
(B) 2800 N
(C) 3000 N
(D) 3800 N

42. The maximum value for moment at support A is
most nearly

(A) 1.8 kN-m
(B) 8.0 kN-m
(C) 10 kN-m
(D) 18 kN-m
43. A triangular pin-connected truss carries a load of

4448 N as shown. Each member has the same modulus
of elasticity and cross-sectional area.

M

3.0m

4.6 m
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e Procice Exam2 71

The truss member properties are E = 200 x 108 kPa
and A = 2580.6 mm?. The vertical deflection at point
P is most nearly ‘

(A) 0.25 mm
(B) 0.48 mm
(C) 0.51 mm
(D) 0.75 mm

Problems 44-46 are based on the following illustration.

w=5N/m

44. If the reaction at support A is 18.75 N, the reaction
at each of the outer supports is most nearly

(A) 56N
(B) 72N
(C) 1N
(D) 14N

45. The maximum value of vertical shear at any point
along the beam is most nearly

(A) 47N
(B) 94N
(C) 14N
(D) 18N

46. The maximum value of moment at any point along
the beam is most nearly

(A) 12Nm
(B) 3.1 N'm
(C) 4.6 N-m
(D) 5.7 N-m

roblems 4749 are based on the following informatior
and illustration.

span length and cross section of a reinforced
crete beam are shown. The beam is underreinfoyced.
The \concrete and reinforcing steel properties are/f. =
3000 pf/in’, f, = 40,000 Ibf/in® and 4, =3 i

live load, Pjye

dead load, Wgg,q = 5 Ibfj)

AR

i gteeI&nfofgingba'rs_,~_, 1gin| 18in /is

beam
cross
section

allowable moment caphcity of the beam as determined
using American Concrete Ingtitute (ACI) strength de-
sign specifications, the mum allowable live load is
most nearly

(A) 23,000 Ibf

(B) 29,000 Ibf
(C) 35,000 Ibf
(D) 50,000 Ibf

48. The beam supports a concentrated live load of

a PPl @ www.ppiZpass.com
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L Practice Exom 2 Selutions 81

he density is 33.125 veh/mi for maximum traffic vol-
ume. Substitution into the traffic flow relationship giyes
the maximum traffic volume.

g =53k — 0.8k?

- (53 E) <33.125 @>
hr mi

mi? veh
~ 0. 125 —
(0 i VGh'hl") (33 | mi>

=878 veh/hr (880 veh/hr)

38. Since thdre is a negative grade pregeding a positive
grade, this is § sag vertical curve. Using the sag verti-
cal curve equations from the civil engineering section of
the NCEES Handbook, the algebraig/difference between
grades is
A=|-1%-3
= 4%

Where the stopping) sight dist
vertical curve length) L,

ce, S, is less than the

he radius of curvature is

s 230 m
¢ o [T rad

or a side-friction factor of f = 0, the superelevation j

<<75 1%“) (1000 %)

TN

he answer is C.

41. Draw an influence line for shear at support A with
loads positioned as shown for maximum shear value.
For example, for shear at support A, using basic beam
statics,

1 movement of unit load —>

Y

[ ]
7 T
A ‘

20m
2.0

influence line for shear at support A

2m
fe—s]
1000 N 1000 N

loads placed for maximum shear value at support A

The maximum value for shear at support A is

V= (1000 N)(1.8) + (1000 N)(2.0)
— 3800 N

The answer is D.

s PPl o www.ppi2pass.com



saouma
Line

saouma
Line

saouma
Line

saouma
Line

saouma
Text Box
Solution Practice Exam II


82  Civil Discipline-Specific Review for the FE/EIT Exam e emmmemsmmm——m

42. An influence line for bending moment at support A
can be drawn with loads positioned as shown for max-
imum moment value, As in finding the influence line
for shear, a unit load is moved across the beam and the
variation in bending moment at point A is graphed.

movement of unit load —=

/
|_ X B
A
10m | 10m

influence line for moment at support A —100m

2m
—
1000 N 1000 N

—-10.0 m
-8.0 H

loads placed for maximum value at support A

The maximum value for moment at support A (dis-
regard the sign, since the maximum value is wanted)
is

My = (1000 N)(8.0 m) + (1000 N)(10.0 m)
= 18000 N-m (18 kN-m)

The answer is D.

43. The principle of virtual work can be used to find
the deflection at point P.

Choose the positive directions as upward and to the
right. Choose positive moments as clockwise.

Y My=0N
= Ry, (3.0 m) + (4448 N)(4.6 m)
Ry, = 6820 N [to the left]
Y My=0N
= —Ry, (3.0 m) + (4448 N)(4.6 m)
Ry, = 6820 N [to the right]
Y F,=0N
= Ry, — 4448 N
Ry, = 4448 N [upward]

By inspection, the z-component of force in member MP
is the same magnitude and opposite direction as the
reaction at point M.

MP = Ry = /B3 + R},

= /(6820 N)2 -+ (4448 N)2

= 8142 N
M
— 6820 N ~=—
8142 N
3.0m 0N
P
—- 6820 N—zelar >
6820 N %
4448 N
- |
46m

Applying a unit load at point P produces the following
virtual forces.

M
1.5 N =t
1.8 N
3.0m ON
P
— 1.5 N—2lmx -
15N
TN
!
I =

46m

The following table summarizes the actual and virtual
forces.

Fy Fp L FyFpL

member (N)  (virtual force) (m)  (N-m)
MP 8142 1.8 5.49 80459
NP 6820 1.5 4.6 47058
MN 0 0 3.0 0

total = 127517
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Calculate the vertical deflection at point P.

FoL
Ap = ZFQaL.—.ZFQﬁ
:—E%ZFQFPL
1

Pa
200 x 10% kPa) [ 1 —
(200 x a) < 000 kPa)

1m \’
9580 2 -
x ( 5806mm)<1000mm>

x (127517 N-m) (1000 EEI)
m

= (.25 mm

The answer is A.

44. From the laws of equilibrium, each reaction at an
outer support is

The answer is A.

45. The maximum shear can be determined from a
shear diagram. (Although not necessary for this prob-
lem, a moment diagram has also been constructed, and
this is used for solving the next problem.)

The change in shear is the area under the load diagram
up to that point. Up to the center of the beam, point A,

V =56N- (5 E) (3 m)
m
=-94N

At point A,

V=-04N+1875 N
=935N (9.4 N)

The moment is equal to the area under the shear dia-

gram.
M= / Vdx

The change in moment is given by the area under the
shear diagram up to that point.

My =Mp=112 m
- (%) (5.6 N)(L12 m)
=3.1 N'm
Mpes m = Mo=112m + <%> (=9.4 N)(1.88 m)

=3.1Nm-88Nm
= —-57Nm

w=5N/m

/ = ,
|

O e

3
5.6N m 18.75 N 3m 5.6 N
x=112m 1.88 m 1.88 m 1.12 m
\ | |
9.4
5.6
vine o~ |
5.6
9.4
3.1 3.1
M (N-m)
5.7

From the shear diagram, the maximum value for shear
occurs at support A.

Vimax =94 N

The answer is B.
46. From the moment diagram in Sol. 45, the value for

maximum moment occurs at support A.

Mpax = | — 5.7 N-m|
=5.7Nm

The answer is D.

= PPl o www.ppiZpass.com
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Appendix Afternoon Sample Examination

44.

Practice Exam Il

45.

In using chlorine for disinfection
concentration of HOCI is pH-dependent

A rigid bar BCD is supported by a hinged connection at support B and
by a cable AC as shown. The reaction force at support B is

a. 2.50 kN
b. 14.20 kN
c. 970kN
d. 1442 kN

A simply supported beam AB is subjected to a uniformly distributed
load and a concentrated load as shown. The midspan deflection is

20 kN
4 kN/m
Y vV VYV VY v VY vy
XN O
| T “1
E =200 GPa
I =3x10° mm*
a. 16 mm
b. 38 mm
c. 22mm
d. 8 mm
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Sample Exam 15

46. A steel column (W21 x 93) has the bottom end supported rigidly so as
to prevent both rotation and translation. The top of the column is free
to translate and rotate in the plane of the diagram but pinned (rotation
allowed, translation prevented) in the perpendicular direction. The
length of the column is 32 ft. The critical buckling load as given by
Euler’s theory is
a. 13.4 kips

g b. 36.7 kips

{ c. 366 kips

! d. 1002 kips

i 47.  The three-hinged arch ABC carries a uniformly distributed load from a
horizontal deck as shown. The value of the horizontal thrust at the supports is

| (g I S T T R

' || || B N
_:: 6m
! C \
’ 3
4m

A A
| L 15Sm J 10 m <
i ™ 1 1
‘ a. 282 kN
f b. 197 kN
| c. 218 kN
| d. 252 kN

48. Given the truss shown, the vertical deflection at B is
— DA E = 29,000 ksi for both members
A=2in*forAB
A =3 in*for BC
10 ft
B
RV N c
l 20 kips
L 8 ft N
(S “1

a. 12in

b. 0.05in

c. 02in

d. 0.lin
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152 Appendix Afternoon Sample Examination

49. The maximum bending moment for the beam shown is

12 kN
\ 4
L 3.5m 1.5m |
E e il
a. 12.60 kNm
b. 8.82 kNm
c. 9.41 kNm
10.25 kNm

type of contract to be used in this situation is
a. unit price

lump sum

cost plus fixed fee

rety

7 if 100 ft bank cu yd of
° and a 12% swell is

51. What 13 the height (ft) of a conical spoil pil
common ‘earth with an angle of repose of
deposited?
a. 9.6

b. 19.2
c. 104
d. 333

52. Determine the volume of filf for a whole station (100 ft) of cut with

the end areas shown belo¥.

A, =120 ft? A, =100 ft?

A o

53, BC Construction Company is the low bidder at $5Q0,000 on a building

project. The company has provided the typical bid bond. After award
of the contract, the company decides to withdraw its bid. The second
lowest bid was $520,000. How much is the surety compahy required to
reimburse the client for the failure of ABC to sign?

a. $500,000
b. $50,000
c. $20,000
d. $5000
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Solutions may be for problems with slightly different Soutiens 183

dimensions;

| was given two apparently disjointed sets.
One may conclude that problems are for the most part
identical but with different dimensions.

44. d. The free body diagram for BCD is shown. Note that a common mistake

could be assuming that cable AC forms a 3-4-5 triangle when it doesn’t. The
vertical and horizontal components of T are 0.66T and 0.757, respectively.

B"'f\ !

B,

D M, =066Tx2-10x25=0=T=1894
Y F,=B,-075x1894=0= B, =14.20

) F,=B,+0.66x1894-10=0=> B, =-2.50

Ry =\B2+B> =142 +2.5? = 1442

45. b. EI =(2><108 krj)x(3x10'6m4)=600kNm2

46.

m
Deflection at midspan (x = 2 m) due to point load is given by
Pb 20x0.5
o= -+ (P -bH)x]=———
37 YT

Deflection at midspan (x = 2 m) due to distributed load is given by

[-2% + (42 -0.5%)x2]=0.016

_ SwL' _ 5x4x4*
384EI 384 %600

Total midspan deflection = 0.038 m = 38 mm

0.022

Buckling about the strong (x) axis:

K=20; L=32ft;r,=8.70 in; KL/r = 88.3
Buckling about the weak (y) axis:

K=0.7, L=32ft;r,=1.84 in; KL/r = 146.1
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B = n’EA 7’ %29,000%27.3
£ ( KL )2 146.12
”

= 366 kip:

47. b. There are four external reactions—A,, A, C,, and C,—and two internal
hinge forces—B, and B,—to be determined. Recognize that A, and C,
are equal and opposite. Solving for either A, or C, is sufficient.

Taking moments about A (entire structure):

D M, =500x125+4C, -25C, =0
Taking moments about B (right half of structure):

D M, 4, =200x5-6C, ~10C, =0

Solving these equations, we get C, = —197.4 kips.

48. d. Step 1: Using method of joints at joint B:

Fp=+ 256Kk (T)
FBC = _16.0 k (C)

Step 2: Calculate the member forces due to virtual load (note: in this case,
the real load and the virtual load look similar, so we can use scaling):

fis =+ 128 (T)
fsc =-0.80 (C)

Step 3:

A=2 FfL =_25.6x1.28x(12.81x12)+—16x—0.8x(8x12)=0.10in
AE 2%29,000 3x%29,000

49. b. Using the fixed end moment load cases in the FE Supplied-Reference
Handbook with the following data:

P=12kN;a=35m;b=15m;L=5m
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_ Pab® 12x3.5x1.5

FEM ,, 2 52 =3.78 kNm
2 2
FEM,, = Pazb _ 12><3.52 x1.5 ~38.82 KNm
L 5
12
3.78 l 8.82
A, B,

Taking moments about A,

Y M, =+378-12x3.5-8.82+5B,=0= B, =9.408 and A, =2.592

The shear diagram and bending moment diagrams are:

2.592

9.408

+5.292 kNm

N
= Nlaew

-3.78 kNm

c. Cost plus fixed fee. Choices a and b require a detailed design; choi
is a bonding company.

52. This problem can i e prismoidal method. Volume = (1
cu yd /27 cu ft) 100 205q ft + (4 x 150 sq ft) + 100 sq ft] / 6 =
506.2 cu yd
53. ¢ urred by the default, which is
econd lowest bid: $20,000
54. b. tal cost = $50,000 + $5000 = $55,000

Unit cost = $55,000 / 200 = $275.00/ft Note that the uhit price must

include the contractor’s profit/markup.
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Determinacy and Stability

Determinacy and Stability |

TRUSSES

@ Trusses are statically determinate when all the bar forces can be determined
from the equations of statics alone. Otherwise the truss is statically

indeterminate.

@ A truss may be statically/externally determinate or indeterminate with respect to
the reactions (more than 3 or 6 reactions in 2D or 3D problems respectively).

@ A truss may be internally determinate or indeterminate.

@ If we refer to j as the number of joints, R the number of reactions and m the
number of members, then we would have a total of m + R unknowns and 2j (or
3j) equations of statics (2D or 3D at each joint). If we do not have enough
equations of statics then the problem is indeterminate, if we have too many

equations then the truss is unstable.

[ D

|

3D

Static Indeterminacy

External R>3
Internal m+ R > 2j

R>6
m+ R > 3j

Unstable | m+ R < 2j

m+ R < 3j

Victor E. Saouma; CVEN 3525; Univ. of Colorado 5/23
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Method of Joints
Method of Joints I

@ This method should be used when all member forces must be determined.

@ In truss analysis, there is no sign convention. A member is assumed to be
under tension (or compression). If after analysis, the force is found to be
negative, then this would imply that the wrong assumption was made, and that
the member should have been under compression (or tension).

@ On a free body diagram, the internal forces are represented by arrow acting on
the joints and not as end forces on the element itself. That is for tension, the
arrow is pointing away from the joint, and for compression toward the joint.

C

R

B Ad—» «—44% B
+ve




Example; Method of Joints
Example; Method of Joints |

10’

32

gt
A 20k

24 24 24 24'

!

40 k

@ R=3m=132=16andm+R=2y
e We compute the reactions

I

(20 + 12)(3)(24) + (40 + 8)(2)(24) + (40)(24) — F)Ay(4)(24) =0

= -|skt]

<+¢)2Fy:0; = 20+12+40+8+40—58—R5y:0

(+‘) ) ME =0;

of Colorado



Example; Method of Joints
Example; Method of Joints Il

e Consider each joint separately:
Node A: Clearly AH is under compression, and AB under tension.

I:A H

A e FAB

T58k

(+ 4 )sz =0 = —Fay, +58=0
Fan = é(FAHy)
ly =82;1 = /322 4242 = 40
=  Fay= %(58) =[725 kCompression

(+‘>> YFy=0; = 7FAHX + Fag =0

Fag = %(FAHy) = 2(58) =43 K Tension

Node B:




Example; Method of Joints

Example; Method of Joints Il

435k Fec

TR-0 = fao -

Node H:

Victor E. Saouma



Example; Method of Joints
Example; Method of Joints IV

(++> TF =0, = Famy — Frc, + Frg, =0
435 — 2 (Fo)+ ——2(
\/242+322 \/242+102

(+*)2Fy:0; = Fany +Frg, — 12+ Fug, —20=0
58 + —124 10 __(Fyg)—20=0

32 (F
HC)
\/2424322 \/2424102
This can be most conveniently written as
0.6  —0.921 Fuc | _ J 435
—0.8 —0.385 Fug |~ | 26.0

Solving we obtain Fyc = —7.5 and Fyg = —52, thus we made an erroneous assumption in the
free body diagram of node H, and the final answer is

Frg) =0

7.5 k Tension

52 k Compression

Node E:

Victor E. Saouma; CVEN 352 of Colorado
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Example; Method of Joints V

Fer
Feo E
62 k
\/242 4322 k
TR =0, = Fg, =62 = Fgr= V2 (62) =|77skc
SFo=0, = Fep=Fen, = Fep= G(Fer,) = %62 =|465KT

The results of this analysis are summarized below

of Colorado



Example; Method of Joints

Example; Method of Joints VI

o We could check our calculations by verifying equilibrium of forces at a node not previously used, such as D

Victor E. Saouma; CVEN 3525; Univ. of Colorado 15/23
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Example Beam; 1

SHEAR AND MOMENT DIAGRAMS

11k 10k
ﬁ: Kift
‘ ‘ L ‘
-y B c D - &
A 4t 6ft 4ft st E

@ Reactions are determined from the equilibrium equations

(+ ¥F =0, = —-A+6=0=A,=6k

(+2)XMa=0; = (11)(4)+(8)(10)+(4)(2)(14+2) — E,(18) =0
@RE}, = 14Kk

(+1)TF, =0, = A, —11-8-(4)(2)+14=0= A, =13k
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Examples Beams
Example Beam; 2

11k 10k
J ﬁ: 2 kit
‘ eIy ‘
A B c D - &
A 4t 6ft 4t s F

@ Shear are determined next.
@ At Athe shear is equal to the reaction and is positive.
@ At B the shear drops (negative load) by 11 k to 2 k.
© At Citdrops again by 8 kto —6 k.
© It stays constant up to D and then it decreases (constant negative slope
since the load is uniform and negative) by 2 k per linear foot up to —14 k.
© As acheck, —14 k is also the reaction previously determined at F.

@ Moment is determined last:

@ The moment at A is zero (hinge support).

@ The change in moment between A and B is equal to the area under the
corresponding shear diagram, or AMp_4 = (13)(4) = 52.

Q etc...



Example Beam; 3

SETIES

Beams

ree Body Diagram

o ]Oklgk 2 k/ft
TS T S
13k T él 3 $8 > N T
ofsite | pitolte !
1 kB 2k 2k € 4k
13k T i Shear Diagram |
[
A=(13)(4)=52 — 2k ll:lT iDT
TD i -6k ACOMD=24  |A=d(6+14)2—4

Slope= dV/dx=w=-2
-14k

| Momen Diagram |

64

WMy, 6

52412

(e}




arches Three Hinged Arch; Point

Three Hinged Ar

30 20k 30 B lzok
He Hy
= e
20,1 20 33.75) Vo i Ve
i
!
80k// . 80k | He
C@-1mge- ! c
30" ) | T Ve
A 26.25 ol a ;
i 80 60' Tv,\ !
h
!
] Four unknowns, three equations of equilibrium, one equation of condition = statically determinate.
(+<) ) ME = 0 (Ray)(140) + (80)(3.75) — (30)(80) — (20)(40) + Ra¢(26.25) = 0O
= 140Rp, +26.25Rp, =  2.900
)R =0 80 —Rpy —Rcy = O
(22)
. SFy = O Ray +Roy —30-20 = 0
(+2)m2 - o (Rax)(60) — (B0)(30) — (30)(20) + (Rp)(80) = ©
= 80Rp, +60Rp, = 3,000

of Colorado Cables & Arches
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arches Three Hinged Arch; Point

Three Hinged Ar

] Solving those four equations simultaneously we have:

140 2625 0 0 Ray 2, 900 Ray 151 E
0 1 0o 1 Rax 80 Rax 29.8

= = = (23)

slo 600 é g rey 3 5(?00 rey 3.9 K

Rex ’ Rex 50.2 K

@ We can check our results by considering the summation with respect to B from the right:
9\ swB _ g, _

+ IME = 0; —(20)(20) — (50.2)(33.75) + (34.9)(60) = 0/ (24)

of Colorado Cables & Arches




Examples Beam
Example: Beam |

[BEAM DEFLECTION, VIRTUAL FORCE |

Determine the deflection at point C. E = 29, 000 ksi, / = 100 in*.

k
A“uuu;uucIa b Je
M Ac
ion T4sBk 105k fsk
20 10
o 15x-%° A
Real Moment Virtual Moment
X -0.5x -X
Element | x =0 M M
AB A 15x — x%2 | —0.5x
BC C —x2 —X

Victor E. Saouma; CVEN 3525; Univ. of Colorado Virtual Work 10/23
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Examples Beam

Example: Beam |

Applying the principle of virtual work, we obtain

L
ASP = / 500 M gy
= 0 El
6W* ﬁ*_/
sU
20 (15x — x2) 10 _x2
()ae = /0 (050 g o+ [ (-0 Frdx
2,500
El
(2,500) k — ft*(1,728) in/ ft3
A =

(29, 000) ksi(100) in*

- [1sin

Victor E. Saouma; CVEN 3525; Univ. of Colorado Virtual Work 11/23



Examples Truss; Simple

Truss; Simple |

Determine the deflection at node 2 for the truss.| TRUSS-DEFLECTION; Virtual
force

-0.50
0-56 1 104
(=4
25 0.25 )

-0.56
0.

2 75.0 105.0 0.5 10 05
—|You will not get something as complex as this truss [
PO pe, | L | A E, 5P PL
Member | kips kips ft in® ksi

1 +0.25 | +375 12 | 5.0 | 10x10° | +225x 104
2 +0.25 | +52.5 12 50 | 10x10% | +31.5x10~*
3 -0.56 | -83.8 | 1342 | 50 | 10 x 10%® | +125.9 x 10—
4 +0.56 | +16.8 | 13.42 | 5.0 | 10x 103 | +25.3 x 104
5 +0.56 | -16.8 | 13.42 | 5.0 | 10x 103 | —25.3 x 10—*
6 -0.56 | -117.3 | 13.42 | 5.0 | 10x 108 | +176.6 x 10—*
7 -0.50 | -45.0 12 | 50 | 10x10® | +54.0 x 10~*

+410.5 x 10~ 4

Victor E. Saouma; CVEN 3525; Univ. of Colorado Virtual Work 18/23
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TRUSS-DEFLECTION; Virtual force


Examples Truss; Simple

Truss; Simple |l

The deflection is thus given by
7

SPA Z

1

A = (4105x10~4)(12in/ ft) =

e) PL

Victor E. Saouma; CVEN 3525; Univ. of Colorado Virtual Work 19/23



Examples Truss with initial camber
Truss with initial camber |

It is desired to provide 3 in. of camber at the center of the truss shown below
You may

get
somethin
g along
those
P lines, or
- soor > with
temperat
ure load

2 3

by fabricating the endposts and top chord members additionally long. How much s
length of each endpost and each panel of the top chord be increased?

@ Assume that each endpost and each section of top chord is increased 0.1 in.

Member‘ 673,(,‘,? ‘ AL ‘5’3,(;)AL

1 +0.625 | +0.1 | +0.0625
2 +0.750 | +0.1 | +0.0750
3 +1.125 | +0.1 | +0.1125

+0.2500

Victor E. Saouma; CVEN 3525; Univ. of Colorado Virtual Work 22/23
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Examples Truss with initial camber

Truss with initial camber I

Thus,
(2)(0.250) = 0.50 in

@ Since the structure is linear and elastic, the required increase of length for each section will

be
(ﬂ> (0.1) = 0.60 in
0.50

@ If we use the practical value of 0.625 in., the theoretical camber will be

(6.25)(0.50) .
o =[31250n

Victor E. Saouma; CVEN 3525; Univ. of Colorado Virtual Work 23/23



Solve for the vertical displacement at C of the following structure.

60"

Aluminum rod, A=1in? E=10" psi

REACTIONS AND DISPLACEMENTS

Aluminum Beam, A=10in?, 1 =171in* E=10" psi

2k

A

80"

160"

V

Step 1. Draw free body diagram and calculate all forces due to real load and virtual load .

DX D
Dy
2k
A B Cv
A —
” 80" I 160" -~
AV |

(CCW +ve)zM, =0
D, (60) — 2(240) =0
D, =8k
3F, =0
-D,+A =0
A =8k
+T2F, =0
~A+D,-2=0 ()

V. Saouma; CVEN-3525
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N

8k 3

Likewise, we can get the reaction due to unit virtual load at point C by similar manner.

T

FromEq.(2)
D, =6k
From Eq.(1)
A, =4k

8k

ok

oP=1

8k —>

80"

160"

4k

Free Body Diagram due to real load

3
gT — Dy (2)
ﬂT =D, =8k
5
T =10k
4k
» 3k
C A
1 | ak—>
2k

160" 160"

Free Body Diagram due to virtual load

V. Saouma; CVEN-3525




Step 2. Determine forces in cable and beam for each elements due to real load and virtual

load

(i) Cable.

Tension is constant along the cable length.

You may not get something as complex
for deflection; however make sure that
you understand this.

Element| x=0 P oP
DB D 10 5
(ii) Beam.
A
sk 1 4k
A B Cy A "o IB Cy
gk —> | | dk—> |
160" 80" 160"
aKkY 2"
Free Body Diagram due to real load Free Body Diagram due to virtual load
Element| x=0 P oP M oM
AB A -8 -4 -4x -2X
BC B 0 0 2x-320 | x-160

V. Saouma; CVEN-3525
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From (i) and (ii)

A(:iID:jéP—dx+j5M—dx
oW | |

A, (1) = T ®)a0) . J' (- 4)( 8) dx

80 160
+j (—2x)(—4x) +I (x—160)(2x—320) dx
g El g El
T (G0 T (-4)(-8
- B0 T_CHCH
(1in*)(10" psi) > (10in”)(10° psi)
+8f (—2X)(—4x) 1'6[0 (x—160)(2x — 320)
> (10" psi)(@71in") (10" psi)(171in)
A, = 0.0005 + 0.0000256 + 0.0007984 + 0.001597
= 0.0005256 + 0.0023954

Axial Contribution Flexure Contribution

A, =0.0029 in({)




For the truss shown below:

a. Determine the horizontal deflection at C, Assume AE constant.

600Ib C

8I
1500 Ib

l<

TRUSS DEFLECTIONS
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(a). Determine the horizontal deflection at C. Assume AE constant.

Real load Virtual load
You will not get such a Member | 6P(Ib) P(Ib) L(in) | AE 6P.(PL/AE)
complex truss, however 1 y) 1,200 96 AE 230,400/AE
the procedure is very
important to understand 2 2 1,200 96 AE | 230,400/AE
3 0 -1,500 48 AE 0
4 -2.24 | -1,341.64 | 107.33 | AE 322,560/AE
5 0 1,677.05 | 107.33 | AE 0
6 -2.24 | -3,018.69 | 107.33 | AE| 725,759.6/AE
AE AC, = AE (=)

V. Saouma; CVEN-3525

11



saouma
Text Box
You will not get such a complex truss, however the procedure is very important to understand


(b). Remove the loads and determine the horizontal displacement of C if members AB and BC
experience a temperature increase AT=200°F, Take A = 2 in?, E = 29,000 ksi, and a=10"%/°F

Member L(in) a(1/°F) AT(°F) AL=aATL(in) 6P O6P.AL
1 96 106 200 0.0192 2 0.0384
2 96 106 200 0.0192 2 0.0384
3 48 106 0 0 0 0
4 107.33 106 0 0 -2.24 0
5 107.33 106 0 0 0 0
6 107.33 106 0 0 -2.24 0
2.=0.0768

AC_=0.0768in (—)

You will not get such a
complex truss, however
the procedure is very
important to understand

V. Saouma; CVEN-3525 12
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c. Remove the loads and determine the horizontal displacement of C if member CD is
fabricated 0.5 in too short.

N Fabri 405 Member L(in) AL(in) 6P O6P.AL
abricated 0.5 in

too short. : % 2 2 2
2 96 0 2 0
3 48 0 0 0

4 107.33 -0.5 -2.24 1.12
c 5 107.33 0 0 0
A 6 107.33 0 -2.24 0

> =112

You will not get such a
complex truss, however _ -
the procedure is very ACh - 1 " 12 In ( > )

iImportant to understand

V. Saouma; CVEN-3525
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