Review & Illustrative Example 1.
Determine the force in each member
of the truss and indicate whether the
members are in tension (T) or
compression (C).

Solution:

0) Preliminary: a3

- Elements and Joints numbering all sy jaliall 4 5

- Choosing Coordinate Systems Glflaa) dlaa sl

- Completing data dimensions & angles L sl 5 dla¥l JlaSiu
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Review & Illustrative Example 1.
Determine the force in each member
of the truss and indicate whether the
members are in tension (T) or
compression (C).

1) Reactions: F. B.D. of the Truss Jlas¥1 33,

—:—A, +500 = 0= A, = 500 N
&—2(500) + 24, =0 = A, = 500 N
2—2(500) +2C, = 0= C, = 500 N
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Review & Illustrative Example 1.
Determine the force in each member
of the truss and indicate whether the
members are in tension (T) or
compression (C).

2- Internal Forces: F. B. D. s.
— > 9 F. B. D. of joint B:
—:5,c0s45" +500=0 =S, =-707N
5 { o S, T: =S, sin45 —$;= 0 = S, = —S,sin45 =500 N
" .
A C F. B. D. of joint C:
- R = ) - o .
S00N] S5 3 S3 'S —: =S, 0545 —S3 =0 = S; =—S,c0os45 = +500N
500 N 500 N T: check
F. B. D. of joint A:
—:check
T: check
i 20/10/2021 3




— = %
y <
| -
SN —707 N
A T C
500N] 500N 3 500 N .
500N 500 N

20/10/2021

M

Review & Illustrative Example 1.
Determine the force in each member
of the truss and indicate whether the
members are in tension (T) or
compression (C).




Review & lllustrative Example 2.

Determine the force in members EG, EC,
and BC of the truss. Indicate whether the
members are in tension or compression.

Solution:
1- Reactions: F. B. D. of the Truss
—:—A4, +400=0= A, =400 N

5.—3(400) + 4(1200) — 124, =0= A, =300N
1:4+300 — 1200 + D, = 0 = D, = 900 N

2- Section Internal Forces: F. B. D. L.

2—3(400) — 4(300) + 3Szc = 0= Spc = 800 N (T)
¢.—8(300) —3Sz; =0 = Sgg = —800N (C)

7 +300 — Sgc (D =0 = Sgc = 500 N (T)
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Beams, Frames, Arches
Beams are slender structural members that offer resistance to bending.

They are among the most important elements in structural engineering.
ey Lga gl g A £ (p 9089 598 (s)) V¥ gan AN Al dald Aldd) jualic (Jila Wadag) ¢l el

M

20/10/2021 6




20/10/2021




The basic function of a structure is to carry loads for which it has been designed
& transmit forces from their points of applications to the supports. For example

prodctionIrightslo btainable from
”
w.CartoonStockicom
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Observing... the behavior of structures under the action of external loads, led to
20Qs (two guestions) then to 2Ss+2Ss:
How strong is a str.? Strength notion & Stress concepit.

How stiff Is a str.? Stiffness notion & Strain concept.(deformation concepi)
(ol gl Lsolid slnag dMbially colaldl Lol slenng Aaglill s IS (ro ALY prolind! gbu Aulyty o1l eliilSion piee
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High strength is needed for safety.

But how to predetermine its safety degree?
Lo el da 3 2and (oS LD A )5 i (el g <Y saall 81 o Lgd ja8) A0LEY) jalial) 4 slie
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Balanc':ed stiffness Is needed.
But how to predetermine its degree?
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Loads Modeling Supports Modeling
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Internal stress modeling
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A slightly deformed structural member carries & transmits the external
loads by developing an /nternal force system, that can be estimated
without looking for the deformation, if the structure is determinate.

138 S 1Y) oailua ) Y ganll Jiiy o 5 Aalall (g gl (g Alan Al g Y ganl) il Ledie SLEH jeale o g

il slly Laia¥) (g AN (5 8l Alan 5o LiSal LGl | ) jia yuaaial

This internal force system can be determined using two principles: global
equilibrium & Partial (Cut) equilibrium

(ki Tase o) (A3ad) o) il Tasa g KU () sl Tae slaa Cplase aladiindy Alal) 28 8 4ol (o gall dlan 2aa
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Knowledge of the internal forces is important in order :

1. to determine the load-bearing capacity of a beam, N

2. to compute the properties (area,...) of the cross-section ” d“ ‘;:f: ;
required to sustain a given load, ::;my '3

3. or to compute the deformation as we will see later. L shaall 5 5.5 i) Jibewal

For simplicity, the discussion is limited to statically determinate plane problems,
F Fa q /Fn .
| e M
NS g e
| [
< 2 o [_ .

a , Cut . 1% R

The quantities N, V& Mare called the stress resultants alall s @l ) adaidl 5 )
(2eay¥) @lass ), In particular

Nis called the normal force (4<khlll 3 @ll), I/ is called the shear force (U<l 5 )
and Mis called the bending moment (<sUax3Y) » 3e).

lcut
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In order to determine the stress resultants (4314 s 4i)), the beam is
divided by a cut into two segments (method of sections) (il 43, k)

Ys X A \Fl /F2| ﬂ_‘iﬂ /Fi
R
[ g ey i/

o s v el S — o —

7777
N N

1V

A F. B. D. of each segment includes all of the forces acting on it, i.e., the applied
loads (forces and couples), the support reactions & the stress resultants acting
at the cut sections. (p8al) (5 989 sailus Jladl 353 55 45 san aa e Ja JSI ja ana Jalad)

14

20/10/2021

M




According to Newton’s third law (action = reaction) stress resultant act in
opposite directions at the two faces of the segments of the beam.

ASlatia g 4 gludia adadll g g o AAlal) g g8 ¢y oS5 (Jadl) GuSlay g (s glaws Jadl) 3 ) Cullil) (i o 9ilB (39

F F q F,
\ M M AV ‘m
A, ) ( y
| el e e | = |
‘Az v, ovy? VN Bj

Since each part of the beam is in equilibrium, the 3 conditions of equilibrium
for either part can be used to compute the three unknown stress resultants.

Jal Cra Lagia JSt AL ¢ 30 g1 Ja g il aladii) (pSaall Cpad 1A ¢y 3068 Al B adall) Bk de ilad) dda o)
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Before we can provide examples for the determination of the stress
resultants, a sign convention must be introduced. Consider the two
adjoining portions of the same beam shown in the next figure. The
coordinate x coincides with the direction of the axis of the beam and
points to the right; the coordinate zpoints downward.

el g o gall (Cpadaiiall) g o) g SLSIAAY) dlas

M v AV
Yy T ) n n +(
T ' =)= (=]
N N
\ f_
< V'Y "positive negative ;
c254ll A2l o) il face llad) 4 gl g) atadall

By cutting the beam, a left-hand face and a right-hand face are obtained (figure
above). They are characterized by a normal vector n that points outward from
the interior of the beam. If the vector n points in the positive (negative)
direction of the x-axis, the corresponding face is called positive (negative).
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M




The following sign convention is adopted: HIA0AN (o gl B L Mol

M v AV
T n n /
y - — =]
N N NN
7 V'Y “positive negative |
G gall 4 g1l g adalall face T il da gl gl adaall

Positive stress resultants at a positive (negative) face point in the positive
(negative) directions of the coordinates.

Here, the bending moment A/ has to be interpreted as a vector pointing in the
direction of the y-axis (positive direction according to the right-hand rule)

The above figure shows the stress resultants with their positive directions. In the
following examples, we shall strictly adhere to this sign convention.
[t should be noted, however, that different sign conventions exist.
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In the case of a horizontal beam, very often only the xcoordinate is given.
Then it is understood that the z-axis points downward.

The sign convention for frames and arches may be introduced by drawing a
dashed line at one side of each part of the system. The side with the dashed line
can then be interpreted as the “underneath side” of the respective part and the
coordinate system can be chosen as the one for a beam: x-axis in the direction
of the dashed line, z-axis toward the dashed line (“downward”).

e M\&

M
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We will now determine the stress resultants

A g for the simply supported beam shown in Fig.a.
757 D it N | ' Solution:

7777
‘*—a—»’«—b—-—‘ : |

1. Reactions, Fig.b: A, =F' cosa,

. =(b/]) Fsina,, B=(a/[) Fsina
A S) F' cos a | i
| - 2.Cut, Fig.c, 0 <z <a:
Fsma . | ~ N=—A,=-F cosa
| q Vi | - V=A,=(b/1)Fsina,
AVT_,' Feosa BT : | M=z, =[(b/l)Fsina]a:
T ;cut AV @ F sin o | T :0:}]\4:07

T =a =>M=aA,

| B
P"’ | L © 3. Cut, Fig.d, a <z <[
i | . N=A,—Fcosa=0

F' sin « M} | aAy : V:AV —FSiIlOLZ—B7
Apy %, ) i M=xzA,—(z — o) Fsina
1 Flcosoe - ® . T =a :M:aAV
a Av e Tz =] =>M=IA;, — bFsinoa=0

M
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Example 1. Draw the diagrams of the stress resultants for
the beam shown in figure.

e = Solution:

r 0. Reactions: —»: A, =0
A X B ;1 Az = (b/l)F; 2: BZ — (a/l): T:Az + Bz =F (yes)
(b/DF (a/)F
AN

" 1.Cut: A.D,0<x <a:

(b/DF V F SN =0:

T.(b/OF =V =0=V = (b/])F;

v M—x(b/OF =0=>M = x(b/DF
x=0M=0x=aM= (ab/)F

2.Cut:D..B,a<x<I:

b/OF T+ . Y
y — lar M bDF —F -V =05V = (b/I)F —F = [(b—D/I|F = —(a/F
(ab/) F M+ (x—a)F —x(b/)F =0=>M = (Il — x)(a/)F;
) x=a:M=(b/DF;x=01:M=0
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Example 2. Draw the diagrams of the stress
resultants for the beam shown in figure.

Solution:

0. Reactions:

5—lA,+My=0=A4,=M,/l;

““t 1B, +My=0=>B,=—-My/l(}) = B, = —My/l(~)
—>:—A,+B, =02 A4, = My/l(<)

T ?"N 1.Cut: A..D,0 < x < a:
M,/ ——}v >:N = M,/1;

Nt ‘ My/1 MMy /l—V =0V =M,/
\+‘3’L Y M—x(My/l) =0=>M = (x/1)M,,

V4 M/l x=0M=0x=aM=(a/l)M,.

:

I—lﬁ 2.Cut: D..B,a<x<I:

M, i

x: M+ My—x(Mog/1) =0=>M=—-My + (x/DM, = (xT_l)Moi
x=a:M=—(b/)My;x =1:M = 0.

(b/DMo
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gl 45° Example 3. Draw the diagrams of the stress
g resultants for the beam shown in figure.
5 Solution:
=M1 0. Reactions:

—:—A,+4+566=0=> A, =9.66KN («)

“:+5(5.66) + 10(6.93) + 16(3) — 204, =0 = A, = 7.28 kN
o —4(3) —10(6.93) — 15(3) + 20E, = 0 = E, = 8.31 kN
1.Cut: A..B,0 < x <4m:

8.31 kN —: N = 9.66 kN; T:V =7.28kN

My M —x(7.28) =0 = M = 7.28x,
?—'N x=0:M=0;x=4:M = 29.1 kNm.
2% 2.Cut:B..C,4 < x < 10m :
—>:N =966kN; T:V=728—3=428kN
S M—x(7.28) + (x —4)(3) =0 = M = 4.28x + 12,
x=4:M = 29.1 kNm;x = 10: M = 54.8 kNm.
3.Cut:C..D,10<x < 15m:
—>:N =566kN; TV =728-3—6.93=—2.65kN
> M —x(7.28) + (x — 4)(3) + (x — 10)(6.93) = 0
= M = —2.65x + 81.3,
x =10:M = 54.8 kNm; x = 15: M = 41.6 kNm.
22

9.66 kNA

9.66 kNA

20/10/2021




4. Cut: D...E, 15 < x < 20m :
> N=0;T:V=728—-3—-693 —5.66 =—8.31kN
Y M—x(7.28) + (x —4)(3) + (x — 10)(6.93) + (x
~15)(5.66) =0 = M = —8.31x + 166.2,

x =15:M = 41.6kNm; x = 20: M = 0.

M
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