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== CHAPTERS

ANALYSIS OF STRUCTURgg

4.1 Introduction

Structure and Truss: -

A systematic arrangement or configuration of different o
construction or a building framework (like bridge, roof mach aqa
called structure. A structure constructed from slipy or :ﬁj&
members that are joined tngethezlat their ends is called tﬂlﬂ
Truss mpmbers and joints: The slajm or thin members thﬁ:t.*&fg W
together to form a truss are called members, The points at Whmhg%
or more members are connected are: called joints. The . @F%
simplest form of a truss is a triangle. Then, more complicated trysce.

are constructed by a dding a memebr that forms 3 newttrainsle
- Basic Elements of a plane Truss

/

These bars or rods are what we call mernbm
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A oL f ypes of truss: Plane Truss

: Jmmm‘aif? of a truss 1 and

pasic * S to support loads of Space Tiuss. The
p po.iNCEEARS the sustainability of the a gIven construct

constry ion
ction.

50 tha
let’s see plane Ir
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4.2 Plan€ Trﬁés

If all the rriangles constituting the truss are found on th .

the truss 15 called Q\ane truss:—
gxamples: Roofs and ledUES are
o commonly supported by plane truss

Examples of Rnu truss
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Basic Assumptions sbout Plane Truss |
ust be connected by s,monm pins a

1) All members m

ii) All loads or Forces aré appli ed at the joints only.
iif) The weight 0 individual ™€ embers
compared to the lo
iv) All members are rwo force M

t their joints

ad or forcé it supports- | |
ension OF cc:}mpressmn)
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1+ pvo ends of member are pulling .
< on the two ends ol 2 pulfin sy .
Br 3

If the forces _ | .o af ‘
o direction (in the sense O enlarging the membﬁj %
o
) thﬁ

| the opposit |
ic qid to be in tension and the force on that member

Note: Tensl

nl ™=

member .
tension {’f'}. On the other hand, if the forces on the two end
- | 5 ; I A ; : Sﬂ
member are pushing the member (in the sense of Shf:-}.,rtEning 4 5

‘s caid to be In compression and the force on that ¥
¢mh

member
is called compression (C). er
Forms of Tension and Compressin Forces
Pulling force Pulling force
oint ensioni (T atioin
.E—-—-—ir-'_:.__-u: ; i - --__I = : T -_:Eq.'_ }
A member in tension
c Compression (C)

Pushing force
at joint C

Pushing force

A member in compression
at joint D
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|'l""f;'__'.- ' ihé e -“-'-?”" =2 DnnECtEd at d ]ﬂ'int
B, W _ ~onn2cted at e jol
E apers i DB a join such that two of ti
R : . ;
" ineal ‘hen the non-collinear member is a e
: 1 1o d Zero-

.1| L_.' l.

e ! ¢ the tWO conditions are satisfied:

'E:]ll | P |i_
;‘:TI‘I:"I"'I 7 i
e 0 oxternal force oF load applied at the joint

L /
e support reaction at the joint

E@mplﬂﬁi : .
fons del members connected at joint B below.
. e i -

A Tt =

. B o .

qnembers AB, BC and BD are connected at joint B with AB

. Besides, there is 00 external fﬂrde--ﬁﬁpﬁ&d at

_collinear member BD is a zero-force nember.
fy zero force members

Here, the
and BC being collinear
oint. Thus, the non

pections, ident
e _IJ_- .,- =

the |
) Using method of ins

lacnis e
AC and CE are collinear and no
| iember.

ear. Besides,

mber. 12
ar. Besides,

member.

Inspection of Joint C: The members
external force is applied at C. Thus, BCisa 2erﬂ—fﬁr'¢ﬁ me

Inspection of Joint D The members BD and DF are collin
there is no external force at D. Thus, DE is 2 zero-force me
Inspection of Joint I: The -~ embers IH and IF are colline
there is no external force applied 1. Thus, 1G is 2 zero-force
[nspection of Joint G Since 1G 1S found t
inspection al e | ]
ioint G, GE, GH and GE. Then, GE and G

'S (1 7 2rnal force G.Thus, GFisa

ember (from

o be zero-force m

), we can assume
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Viathematical determination of forces acting or being |, Szif‘t Sﬁzﬂﬂ_
—ember of a truss is generally termed as analysis, ﬁd.ﬂ“%{g hiﬂff’ﬁg: of
In general, the main goal of analysis of a truss ig detﬁrm* n Cfﬂﬂﬂﬂr 0
the support reactions for the truss and d‘ﬂterminatiﬂn of ::aﬁﬁnw e Lwﬂ
supported by the individual members ﬂf_the truss. | E'fnrq_. uf‘]‘{ﬂg__ Ce
The mathematical results are usef_ul In designing 4 Stry, OThe f
applying a load on different members of a trusg baseq é;b " 4. Tmbﬁ‘
Capacity. z’le]Eil}/SiS, in gEﬂi?_I‘Eﬂ, hEipS to Er}giHEErg £ pr.._ : me 4 g
unexpected failure of a construction due to unbalaficed appji. oy W #
loads. There are two basic types of method for truss analysis Ny “_i n
1) Method of Joints w56

: 1O
2) Method of Sections ) Dir
s e e ne ¢
4.4.0Method of Joints> ’

e S L [russ
The technique of determining member forces by applyin 355;1
equilibrium corditions to every joint of a given truss is k&gym'g FB.
i - W L. SS!

method of-jeirts: In the method of joints, a truss is - analyzed by ah
e e . | i | alyzed v -

treating each joint as a particle. 2 | : .
; . 5 . 0
The basis of this method: This method is based on the assumptio y :
that if the ent:re truss Is in equilibrium, then every joint within t Tl
trussis also in equilibrium. o
General Procedures in Method of Joints: e
First: Determination of reaction forces at supports: !

Draw the FBD of the whole truss (considering the entire tmﬁﬁ)m]’

to get the reaction forces, take moments at a joint with more numb*

of reaction forces first and then take force summations.
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~ nination of member forceg

key-Step). Select a joint g sta

011 \

0 el e AP N
o Sttfifﬂﬁ?ﬁ ot OF Uilr h}ﬂfl‘ o rLmem
25\ . ot selection: The selection of a joint 1
1S bag

:I{. o) FH . ; R A2 - S Tat
. r11r . oknowns at that joint. Select 3 joint with €d on the
)€ 25 and at LEAST ONE kn[]wn fDrCES at MQST TWO

il IR
ﬂnl an fol ce-

AW .

oTE ot joint: Be careful, you may not select g ios

. force 1S asked rather you may select far] a:.:; at- ﬁhiﬂh_ e

Lt you are asked. Then, you may proceed analysis my :zmts- oy

Wi vhose force 1 asked. In short, to analyze a -1 :;ach at tfhe
T | < plane truss b

b Lethod Of joints, we need to proceed the analysis from igi—ﬁtti

it il we reach the member whose force is required. |

) Direction. of Forces: Tension or Compression

éne of the basic assumptions of a plane truss is that all members ofa

truss are two force r_nemb ers. prever, it is not always 'p.nssm}é to

sssign the correct direction of a force i:m..a___.me.mgr when the

egD of the first joint is drawn. For the first selected joint, you can

assign the direction of the forces in any direction ynu}ﬁazht: Finally,

e result will tell you the correct direc jon. If you get a

t the direction yuul assigned is correct and if you get

the direction 1s oppﬁsitete;what you have assigned.

Then, for the next analysis, CORRECT alaipricpet D
into the joint at one

force and proceed. If a force ona mesber AL TR f that
end of a mémber, it also acts into the joint at the other o 7

Fe O

btain;
nin
0.7) & Member

the sign of th
positive resul
negative result,

member, Thus it is a compression. | |
ek ke Tito thE
5 Roller supports: Reaction at 2 roller support it 2 M | 1

Jomt. This is also a useful hint. ber of members, it1
4.Zero force members: In a truss With 1476 e -.
évisahla first to jdentify zero fOrce members:

I e
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Exqmplﬂ force in all members of the truss strug i
“ - - i)
1. Determine the 200N P=30N “.f

T

Usmg wuﬂ:hrium E:ﬂndltmnss fﬁ’f_' _' uss, we have
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A
v
4
210N :
B Sorta o
- T = 0= AB=——=F
B 04, ABsin60 60" NE
iy i
0=> AE- ABcosﬁﬂc’:U:ﬁAE:ABWSﬁD.:”‘Em
E_ - .
= Q{N

| _._:jﬂim Bﬂ

T / =U
B:&A_Bsmﬁ() F BEsmﬁO

:&mﬁo "'ABSWI&O "'F | j\>>. :

b BE.._'J:.(TUJ- N)-90N= 138

,
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— = ABC 0560 +;’3FL0560 BC=0
ﬂ']EFr = BE 0560°
_, pC = ABcos60” +BEC |
' BC*-“(?ﬂ\@N)*“”“ 0/3N) = mfm A
CD |
|
|
i
|
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girst: DELET
praw the
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Jution: “l i
o rmination of support reactions (Using the whole truss)

st DELe *
f =gD of the entire truss and label all forces and reactions.

qu‘.'» hE

(5m)-200NOm) =0

)Y M, =0=>D, (18m)—120N
= 18D =?.160N:_:;~D | =120N

A y
i)Y F =0=>4 =
i) YF =02 4,+D _1ON-200N=0=4, = 200N
¥
Second: Determinatmn of member fuI'C‘-‘;:" 3 L9.d? QD
nall case, the angle is given by sinf = -—~-§ cosf = "5 5
: we have
et e oF4pk qr “‘I‘lt A. ThE’:H ugmg eql.hhbﬂu Df fm‘ﬁﬁsx = .-

e W . i e - R m v ﬂﬁﬁﬂé?w
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At Joint D

CcD

Then, usin /o the’

, gstatn: ethbnum f
we hm%

DZF G:aEDs;nﬁ ECsm&-():};Cthé

= >

1l a—
i) JF, =0 EF - EDcosf— Ecg-' o v

CF

jesl | J Jn ."u L .'IHHI H |'nr Hmr.'”"””p"m #mf

_ 200N = 0:.:& H ~

0= 0:>A5—~—(250w) g' :

At) ot




af}+CFcusﬂ ~BC=0

1£?' _ .:T**i Eco
v 3> ‘ ¢
H : S 1“(:1“‘[\]}&* -%(ISON)HB(::[}:; BC:HGH{T)
’D"J“J

- P
LT% \‘n" 14‘

-p

i,

ng static equlhbnum we havﬂ*the falf;‘#s‘ .;
-0 =y BF51n9+CFsm9-200N—0 9F 3 ,- ’
: ; _ e

| e, ,,1‘?1

SF = 0= GF + BFCGSQ{CFcnsﬂ-EF =0
) = &

3 S e T M r{; X
:>GF--5—CF+EF 5BF :

— GF =90N + 180N ~60N = IIQN

inint B: e u:hbnum ﬂﬂﬁfﬁaﬁi
3) Atjoint B: Then, using qg 0::,36=BF=1% j

¥ fwBGsana—BFsm p—
3. In the loaded truss structure bﬂlﬁwr iﬁ,l.__%. ?';__ : il -3
reactions and the forces in the member o

8 SFV\RK ﬁ?‘ﬂ.ﬂf wmmnmw“” “ g
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4m dm 9
B
550N
ol 1+ solved by breaking
Solution: SUch P2 ¢ support reactions (Using tk
Step-1: Determination of SUPP 1ol ami ,,
praw a FBD of the entire truss with all appil L
49N '
l g - Then, sing
- 3 3 F.=
g i) ZF:=U
Using equilibrium equatmns wehave " # L Basic Ques
pYM, =0= D (12m) - 49N(4m) ssmgsﬁgf find the fo
why do wi
= lZDy = 6:96N = Dy = 533ﬁ j The msin
- s fﬂrceS on
1) ) F =0= 600N - A =0=>.4. = 600N ius -
RI2F, A 4 it sl
i) YF, =024 +D -49N-550N=0 are asked,
: :wi J;ﬁN Now, as v
"@ aitsis Ay 5 66N _4'_'-5- '"NtO joint
Detennmangn of member forces (Us
'S start at join A, We choose dlrecuuns f S~
,," T'__#-iqf' _ : R Mm&



nl
% tind SUZeestiong, 5o 0.3y,
d. Wh H‘L@i 24 3 .
& g
n we S‘Cﬂvg &B &
dlrﬁﬂhung e and .
recy

— e I‘[r":t ",Dlnt that we SEif‘.‘EtE

sing ethbrmm of forces f':"‘ d }mnt we ha{r& thﬁiaﬂﬂmnﬁ

Then, U
=0=4," - ABsinf@ = {}:béfIB 66’N=:wAB 110N (C)

D

ZF _0=> AF - ABcosf—A= {!
F—~—(110N) 600N =)

=x A= BSN ~600N=0= AF = 688N (T) _
Basic Question: Let me ask you one basic coneept. WE are asm e

ind the forces on the members BF ,BC,EF but not on . {B and

why do we start from joint A?

The main reason is that if we starta

irces on members AB, BC, and BE but on

10t solvable). From this explanation; '

;fﬂ sked, sometimes we may start frorf

mT: ,as we have the forces In members
joint B and find two of the unknowns we

AB and 4 5
are mﬁlﬁﬂg f{}_}";
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2) Al Jont B: BC

AbB

Then, using equilibrium of a joint, we have the fﬂ]}

[s°F =0= dBcos§~BC=0=> BC= —(1101*0—"‘"""

\FI—{):::»ABHHH _BF-49N=0= BF = 17&&;

ani owing similar procedures, complete the sﬁ}
4. Determine the force in each member of the load

E
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ol !..I_I.__i'rf.m..!.: po B — (= {')A -|12N =0 —_I-‘;,. A sy ) N

. : % ,-s'_-:___*.-l'!"l .I e r‘J.

1 “ e A _T=0= ‘.f,. = F =4N
T e --D:C =4 =2
i) = "ﬂerhnd of joints.

B &7 7 | TF _ = 4, - 4£5m¢5°

¥

o ' | 1 e
) = IN-— AE =

(1) Avdorn¥ =2F '
klj___---"' _j‘.l”ﬂ' _*‘ ‘\fi e .'-'..
> AE=202N .

/ N TF f}::>AB JiEf:&stiS = 
= gfmﬂ-.ﬁ
T | | :ir {E :;ZF( .

L
e

- .q.
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ol - qmi:bnum equatmns &,_-_..-
LrﬂL A

ilibrium Equatmns for thy

¢s consider each ]omt for th

Now, 1€ le

AB
) Atjoint A

TELHE
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2) Atjoint F




gt Joint D:

)Y F = 0=> DEsin60’ = KN =0=

5 eterming the force in Efach i
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nent L{[Ulllb[ um equations at A, we have
(20m) = 30kN(15m) = 60KN(10m) - EDkN{sm} 5

Using mol
A

L qf,y _1200kN =0=> E = 6OKN
— e o 11 -

Again, using equilibrium equations for the forces, we haye
L

1) Z}L =)= A =0
-3 ~60kN -=30kN =0
i) ZF;- =0= A_F + E}’ 30kN 3
= A}’ +60kN —120kN == Ay = 60kN
let's consider each joint for the member forces.
4

Now,
. = *
At Joint A: From the above diagram,sing = e cosf = =

NYF, =04 =48, =0 => 60kN - ABsinf = 0=> 4AB=96kN(C)
i) Y F =0=> AH-96kNcos0=0= AH =T5kN(T) |

At Joint B: i
i)Y.F_=0=>ABcosf~BC=0=BC=T5kN (C})

ii) ). F, =0=> ABsinf~ BH = 0= BH = 60kN (T)

At Joint H: ’
) Y.F =0=> BH - CHsin6~30kN = 0= 60kN .._J%cy _30kN=0

= CH =7.5/41kN = 48kN (C)
i) ).F =0=>GH -~ AH-CH cos6=0
= GH ~T5KN =2 (7.5V3TkN) =0
6 ot -

= GH ~75kN-35.5kN = 0 = GH =112.5kN (T)
At Joint G;

) LF, =0 GC- ~60kN = 0= GC = 60kN (T)
!.')ZF =0=> GF - GH=0=>GF GH-llZSkN(T)




g 'rlm_'i_i[_!j'f'_‘ 1 b) l:“"hiﬂ_'_ﬂ“'“r“”"ﬂh*llh anl sugiresti
— R R D CRlns, use (10-34-
.- b bt Sl i Lﬁlﬁ'ﬁl

L | 4
; o _pEsin@=0=>-—=DE=

."W;Jr’ 3
o B
o IN:CDSQF-EF:[]:'? EF=——DE=
I:I;f.i-' t ,\!'4_1 751(}*] (T)

2 4
F =0=> DF =——DE = 60kN = DE = 96kN (T)

JH

i‘lﬁ HD:?IJESIHQ D

CFsmﬁ‘ -30kN = =0 => CF =48kN

) LY,
6, Given the Baltimore truss where all the angles in any triangle that

30°,60°,90° or 120°.
identify the zero-force members.

.GQ,GH, HJ,0X and o

could be considered are

a) By inspection of ;mnts
b) Find the forces in WX

Solution:

a) To identify zero-force members of the given truss

each joint with three members. & or collinear and BT 18
At joint B: At this joint members AB an - nection © applied

Besides, there s no
ember.

non-collinear to them.
ro force

&AL ¢rus joint. So, member BT isaze



[ﬁ* ﬁ,muu M. For ) murmminrrmﬂm! it Hfmm
n_-.-.m"""‘r,.:c..a:m-lb.i.un.l rrEmL T S “-?':l "‘J‘

At j{'ﬂﬂtT bmce BT
there and thus we
But AT and TU are
TC is also a zeru forc

have ﬂnly L
collinear and no lﬂad is appllfﬂ th.E_,I"E. S{] o
1 e
Bt

e member.
ps, $T and CU
bms FR and RE are

At joint W Member WG is @ Ze10 force member.

X At joint K: Members KP and pl, are zero-force members,
At joint M and 0: nd OL are zero force members,

At joint L: Member
force members faci
of unknown force members
b) Analyze the force on the remaining members

Analysis-I: By Method of joints

First determine reaction forces us
i)Y M, 0:>N (12D)= IUDkN(?D) IUGkN(SD) 0::;;\. =125k

are zero force members
At joint F: Mem zero force members.

Members MO a
LY is a zero force members. [dentification of 4
-

litates the calculation by minimizing the NUmbe
T
and the number of joints to be analyzeg

ing 'the FBD t}if the whole truss.

11)2F {}:‘»A -U |
iii) ZF J]::»A +N ~IOUI{N 1GDkN O:AJ}—TSR\I

At]mntﬁ. | -
I EE et ALfsmﬁG“nﬁ::»AU SE}J_kN

iy Y F =0=> AE- AUcast’»f}‘“ 0= AE= =253k

~ AtJoint U: |
)Y F, = 0= AUsin60"= UEsin60" = [}::.»UE = AU =5043KN

i) Y F }:MUcasﬁf)uUEmsﬁaﬂ UF=0UF= sof kN

AtjmntE
1) E_F =0=> EG-UEcos60® = 4E =0 — EG =50+/3kN

%t'_,f ZF =0 =>UEsin60® —VE =0 = VE"z UE-sinﬁGﬁ =75kN

207048 BT BEF BT AT OF 21 wmm?m airad kond? i



tjoint Y2 |
ZF =(= Wsmﬁ{l =¥ 60’ =0= YI=¥N =144 AN
ZF 0= XY - YN cos 60° — YJ cos 602 =0=> = 144.4kN
AtJoint J: e
ZF ﬂ-bJQc{}sﬁD{’ +J‘J +chus6{1 _HJ=0
S JQ 10{}( 1N = 72.2kN J—-(M& 4kN) = JO=5T.
g )
ZF =0= JX+ }’1511*16{} JQH!.HGU ~‘. QOKkN =0 = JX =4
At Jotnt X
00X =2

129 okIN

b T

X Y= ()= WX =

ﬂl r Tals
E M”Hgnmmw 3
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4.4.2 Method of Sections

The technique of analyzing a member force by dividing th
truss into two parts such that by taking one of the parts i I.-_E wh[]h
nﬂwn
dg

Method of Section. Each part is called section.

The method of sections is a u;-:eful approach for etermj,
forces supported by individual members of a truss, |t i Eff:i the
G 'y;ﬂ

d

applicable especially when forces in only a portion of the Mem
=

are needed.
The basic advantage of the method of sections is that in Iha y ¢
EEES

the force in a selected member can be found directly from, W
of a section which has cut that member. 15
Direction of forces: Tension or Compression

2. Direction of Forces: Tension or Compression

In the method of sections, if the member force acts away frop, the
section, it is named as tension and if the member force acts intg o

toward the section, it is named as compression.

However, it is not always possible to assign the proper direction ofz
force on a given member when the free-body diagram of 2
section is initially drawn. __

Generally, assign all unknown forces arbitrarily as positive (away
from the section). Then, the sign of the answer will tel jou
whether the direction is correct or not. The plus sign tells you the
direction is correct (the force is tension) and the minus sign tells you
the direction is in the opposite direction (the force is compression)
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One side of 4 Section

ourse’ :
t P
& Section found gp

- determine the member forces by taking
C

where there are no supports.
J: Formation and selection of a section

jd oke @ cut In which NOT MORE THAN THREE UNknown
membﬂf are cut. Thls_ divide the truss into two sections.

Gctionand labeling:

ffﬂé-'?-fﬂml hurvk _{‘Lhﬁ‘i’:'F ¢H@. Yo pr.002@2 From th& two sections, take
4o one with less unknown forces and assume the selected section asa new
system in equilibrium. Then, draw its FBD and label applied forces,
eactions and unknowns member forces on that section.

Third: Apply equilibrium assumptions: The basic assumption is that if
the whole is In equ{iibrium, then both sections of the truss are also
in equilibrium. To simplify the calculation, first take a moment at a

point where two of the unknown members pass.

Examples: |
L Determine the force supported by the

members BD,BE,CE
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Solution: f "
First: Determination of reaction forces: Lraw the FBD of the

€y
truss and label the reactions 4, 4,at 4, the reaction abH Wh),

(Section cutter)
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From equilibr’iﬁ ‘t:’jundi:tianq .

DY M, =0=4 dH - Fud. +G:>12H —~20KkN(6) = 0=>H =10kN
Y = {Lézz{ =0

Iil)EFyf[]:}A +H 2{31-:1‘@ 0=>4, +10kN-20kN = 04, =10ky

Second:Formation and selection of a section
‘Consider a section cut through the members BD, CEand BEas show
in the Hbﬂ;‘i’é FBD. Then, select the left section of section line 1-1. For
this section, we have the following FBD.

- You can get the angle from
the right triangle below.

Third: Apply equilibrium equations =~ -

Which point is preferable to take moment? As we discusse

procedures above, it Is advisable to take moment at a point whe ke

two of unknown member forces are concurrent. Good! S ;
D) TECnO 14 because the mernbers BD and BE are cm'sr:tau‘l’m"t ;

d In the

— -,{*rn ﬂ"’ﬂ g f r?..!".l:{.'."f ﬁf-"ﬁfﬂﬂ?’ ﬂumm,m 5‘ AW#



-10kN

: Shmﬂm
L-1. For

Mechanics by Begtshare 1. For yoy

eringlechanic by Bece ). Forvour ol

ﬂu C ; ' et
Eﬂurifat E. Thus, by applymg moment cnd [

;I‘ - {4 "y = L ; ‘I ! =%
ﬂﬂ“{::; _0=CE(4m) ‘4}-'(1" f“) 0 = 4CE ~10KN/(3my=g
)5 4cE=30KN = CE=T.5KN(T) '

___D::; A}_ "BE LGSE}' — U e BE E‘UE’-Q 10 AL:" BElz.SkN(T) _i“'.'..,_‘ I
0= CE+BEsinG~BD =0=5D = CE+ BEsing = sy

iii}Uﬁ.ﬂ; vethod of Sections, find the forces in CDDGGFand g~ i
9, s % 74 i .

2 SFy

20kN 10kN

solution: Such prob]ems' ar@a easily solved by taking two sections.

First: Determine support reactions (Using the whole truss)
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Using moment equilibrium equations at D, we haye ing
| ZM _-{;-zp-E (12111) 10N(3m)—10N(9m) - ZGN(Bm) o

ﬂIEEyﬂISON—O:i-E = 15kN

Again, using equilibrium equations for the forces, we have
i ZF ~0=>10kN- A {}:;-A = 10kN

i) ZF —{]-_-?A +E "‘ZOIKN ~10kN=0

L

Second: Determination of member forces
Here, we have to use two sections as shown in the above fpy
Using the right part of section-/, we have
ZM =0=> DGsind +10kN.(3m) - 10kN.(3m) =0= DG =0
- Again, usmg equlllbrmm equatmns for the forces, we have
F =0 E’ CD -—lOkN 0=
Aot 0w g -

£
i

:>IS££N -CDsin@-10kN = 0

,1 .~ =(Dsin45 =5kN
", - CD=5/2KN(C)

w

= i) ZF =0= CD GF+10kN =0
% , =GF = C’Dcasr-lS“ +lﬂkN
i - GR = 1SEN (T)
| Agam take the left part of section ﬂ
: . >M, -ﬂ:}HG(S'm) 4_(3m)- 4 (3m) 0

i = 3HG ~10KN (3m)- 151@«: (3m)=0
| > HG = ZSkN
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Solution:
_force members bl inspection of joints:

tirs: Let's identify the ZeT0
Jre connected

Atjoint O: At this joint three me
Jith A0 and OG being collinear:

mbers A0, 0G and OF

support at joint O.
Hence, the non-collinear member 0P is zero force member
At joint P; Using the result from ]omt 0 that OF . g zero-foree
forc emb
ads to

me
mher we can conclude that PG

?;thih]; P s Symmetrlc,
ot are also zero-force membe
o= Y pmuna“ﬂn of Member forces by Se

= "ftermlnatlon of support reaction®




5{;}@.{ SOKN

;)ZM ajﬁ (16) SﬁkN(l@)—l(}ﬂkN(E) SﬂkN(ﬁ) 0

::}IﬁB —SﬁUkN SﬂﬂkN JﬂﬂkN [}

7
:plﬁBy—lﬁﬂﬁkN =08 ﬂoum

I.i)EF (J:?A 0 E e

i) ZF ﬂﬂ:&Ay,&Ey-—dﬂkN sam 100KN =0

-=Hi +mam zﬂﬂkN 0:>A = 100kN

Step-2: ﬁet&""' mina aﬁ of 1 u' m _:__rffames (U sing Secnon Methﬂd)
Now, take a section ftittmg % members IE JE, DF and analyze t®
right part of this ﬁaﬁﬁﬁﬁ, AR F
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m Em‘ the new sybtem we have

5 S DF =800KN

3
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Then, using equilibrium for the new system, we have
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SOKN.(2) + 51.-;;

,_r{'IOO«HkN) 100kN+i"_\_EDJ 0 ¢

v .
™ 5
£ /20 + 800K - S00KN — 100KN =

IDJFlDUkNiDJ—“JJ_kN
DJcosfB—DFcosf@-50kN+B =0

stmaJr
< )= y
R I
| ‘rCJJrr—*(”“‘\rk"“-TUDDﬁkN) SOKN + 100KN = 0
:_.,.‘E.cﬂ 15KN — 100KN — SOKN + 100kN =0
)
:>£CJ KN => CJ = 2542KN
e 2
Fsin@+CI=0

.}EF _(=>CJcosa - _DJsinf+D
| ﬂ.‘C(zsfm)ﬂf—(zsfm)ﬂTumJémpm ~0

—25kN - H00kN + C1=0

— 25kN -

— ] = 200kN
CD, Dj, DF and
fnally, take a section cutting the members CK, CL, ]

ayze the right part of this section- -

S I
i W
8
S
3
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| 50kN

o

'Nﬂnce' Smce the frame is symmetnc we can infer that the
~corresponding members to the left and to the rlﬂht of CDhave t

~ same magnitude of forces.

" For our purpose, the forces on the members CL and C] are equalin
- magnitude. Likewise, the forces on members Cl and CK are the same.

~Having this un mind, we have |
ZF 0=>CD+Di‘sma BFsm9+CLsma 5ﬂkN+B =0

_ y
=>CD+£(25J5)- J-(IGOJ_ )+£(25I 2)-50+100=0

SO+ I5I - 100kN - 25kN 50kN+IDUkN 0
ﬁ-Cﬂ;"ﬁﬂkN
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of sections, on  the truss Strucn'e
membem B3C,BE and FE. Assume "
'?1:-"-'- 1

A 5 o C
| i / \/\
' ..f_ : | D
F E
F=12kN |
h J

olation: 10 the E'xplanation about method of sections, we have said
..t finding reaction forces may not be necessary. |
n both supports are on the same side of |

This happens especially whe ‘
otion we selected. This is an example where reaction forces are
1y

| wineeded to determine member forces.

ki
‘nsider a section cut of the membe_rs BC, BE and FE. For this cu

' FBD.
yselecting the right hand section, We have the following
Imaginary Section cutter From the equilater
- triangle, We have
y 3J; m
= 3msin 1 S e

F=12kN

' e members BC, BE and EF

—I—itﬂ“—————_ﬁ-




Hence, we have

J3

—BE-12kN=0
ii) ZF = 0=>BEsin60" - R 0= > = BE - BIkN[T

i)y TF, =0=>FE- BEcusﬁﬂ _BC=0=> FE12/3kN (C

4* U511{g the Method of Sections, determine the foree T
members HD,FD, GE FH and HI in the truss structure shown bk d
v,

3N T

3N +
- 10m
>IN =
= 10m
e T
10m

| S

Solution:

Step-1: Determination of support reactions (Usmg the whole truss)
The FBD for the whole truss thh a section line is as shown below.

S 33'.‘5
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NL(40m) —3N.(30m) _m‘{é[};}_

e
e

\I,..ﬂ-__':';-f l_—jL]N

'#ﬁiﬁfr I =y ==
I e nt 3N == T, SR
=] =20N
V' }-r

/' mination of member forces
peter™ bers HD,FD,GE,FH and F |
' Hia gb" forces in the F'H and HIby method

.‘iD"u;i 'Iti};'E ﬁrSt tal{e a
pers HD, FD, and GE as shown below. Consider the

section line hnrizuntany with -a line passing

eh . 1o
pofthe truss D€
(0

w the section line 1-1.

Ger the angle from
the triangle below

D
—~ 1.
:':l'm EDIH

o
0/

)

g U -
I - Iom

stern, we have the following,

T, using equilibrium for the new sy
. =n:>Hy.(15m)-HD(15m)~ 3N(10m) =0

— 20N(15m)—15HD - 30N S
770N -15HD =0=> HD =18N (T)
\IF =te FDcos - H_+3N =0

3
:>~§FD—9N:0:>FD:15N(C)

_.H =0
Pn-d

N-20N=0

)
EFyt[b HD-FDsing+GE +1

318N-%(1-5N)+(}5+20




HEFN-;—_.F,FQ s, “*Hﬂ:a ' i

'Hfﬁ
To find the Fﬂrces in the member FH anci HI by methoq of Se <

Clig
r first take a curved section line and take the lower Section of :
I ti 3
section line as shown in the diagram on the left below, he
A5 3N
15: | Using the curved séctiog
rj r ‘ : B4 C .5 3N Ime we get _’m:. SeChion
'-: | - Section
| > sl |
. ; Sy _
O3 aN i
= : {
N = H
Y | g

10
I)ZF _0= FHsin0+ HD-H ﬂ[}:‘;EFHHS\I 20N =0
::»%FH _ON= FH=2N(125)=25N

i D F =0=FHcosf+HI-H_=
= Hl = H- -Fﬁmsf?

' = HI #IZN_—LI.ﬁN‘El_ﬂ.ﬁN
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.4 Determinatio
'-1 cgD for the whol

n of support reactions (Using the whole truss)
o truss is as shown below.

II " 1 h
e

1 KT _re .
sing equilibrium equations, W¢ hay _20N
| 1 AN A4 =2 .
)M _=0=90N.(4)-4 (12) = (=124,




Step-2: Determination of member fDrc_Es
int ' mbers GF, GC,
To find internal forces in the me and B p, o

sections, first cut the truss vertically with a section i,
through the members GF, G, and BC. Consider the Sectio
truss to the left of the section line as shown below,

A F
v

'El gf
. D&E:;inﬁ

" of Thﬁ

+ Use this triarigle 1, get g

Then, applying Equilibrium equations, we have
) };M =0=>BC. (3m)-‘—30N(4m) =0= BC=40
i) ZF 0:>BC+GCGGSH GFCE:S(? 0

= 4UN+-5-GC——GF 0= GF = SUN+GC

i) ZF ﬂ:>A GC'smﬁ GFsinf =0

=5 30N --5- Gc—-g(somac): 0
: |

= SON—'-—EGC—'.?@N--S—GC = 0

-—-GC =0=GC=0
But GF = SUN+ GC:> GF SON

e1

' 32
ALX ﬁ"‘? ZEFhT Qip np de“xWFFM w7 ‘”Wdﬂ

— /7 #‘L‘I-ﬂwﬁu; "-,



£

- 1'l+ J'HH"“] rn Ie apsiune M, J OF Yirr rrumm rm: 'IIHII H“ )

55 st urt,m e 'm_lu*x, determine the Suﬂ Hor
nbE‘l"‘ 3(_ Bl and LS. EURES
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a0N E
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ST
& L. | { H
H“m Sm
B ]
Sm
AV [‘ Q
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s can never be solved by method of joints. The

hod of sections 1S
hose support reactions at

solution: Such problem

basic .dvantage of met to solve such type of

e statistically

problems for structures W
-determinate. To find forces i
ut the truss horizontall
d1J. Consider the up

d 1J method

n the members BC,BI an

y with a section line passing ™
uss.

of sections, first C

t
through the BC,BI an per section of the tr

i ' .
100N
80N E G
il
Sm
D

-.;
|
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i) ZM ={]::>BC*(ilm)~80N.(5m)—100N,{4m):D
| I —~4BC-800N=0= BC =200N
4
i) ) F =0=>8_UN—B!C05,B=U:}S[}Nv—jﬁm:ﬂ
| | — Bl =20/4IN =128N
; i) ZFF=0:>.U—sti_nﬁ—BC~aIOﬂN=_0
9 —%_(EDJHN%QGGN-IDON -0

=

= JJ-400N=0= I/ =400N .
8. Find the forces in members FH,GH,GI of the stadium truss shy
oz I,

' 1kN
26N

1 i T RS (
' £ 1 I~/ |\

- ¥ S T 15m

__ _ i

e

N

e o

e ": _.-.,.-'"

Solution: This is Staﬁstitaﬂy indeterminate structure because

cgnnzt determine support reactions. So, it is better to determin he

1;1;11 er forces directly by taking a section through the memb®
»GHGL. Using the Jeft part of section-f we have

| M = 1 2
LM =0 IKN(30m) 4 2kN,(22m) + 2KN.(14m) + IKN.(6m) - G1”
= J0KN+44KN + 28KN + 6KN — 6G1 = 0 => GI =18k




Shown,

f sections, on the truss structure below, dete TMine
s LO,0C,CD and DK,

Ud

r the whole truss, we have

tions fo
SahMun.Usmg equilibrium equa i~ 20K 6m) =0

L, =0V, (24m)- _ 5KN(8m) — 10KN(

=>24Vy _AROKN =0=>V . = 20KN

s, we have
ain using equilibrium equatlons for the forLjE

ZF ‘0-‘#[’ =() | | | | J ==15kN




By taiﬁmg left ha.nd-ﬁget:tiﬂﬂ, we h‘__ati.'e | _
i) S M =0=KLd, ~U,dy =0=> KL(5m)~15KN(8m) =
- =35KL =120kN = KL = 24kN
) IM, =0=>CDd; U, dy; =0= CD(5Sm)~15kN(8m) = ¢
=5CD =120kN =CD = 24kN
From the right hand section shown above, we have
)EM, =0>7V,.d, - DEd, =0=> 20kN(8m)~ DE(5m) =
. S5DE=160KN=DE = 32kN
) EMe=0=V,d,-K]d,=0= 20kN(8m)~ KJ(Sm) = 0 = KJ =i
Consider a section cut of the members LK, KQ,0D and CD. For ts
cut, we have the following free-body diagram,

Left hand Section
:




32KN
For this

echanics? =

..--""""’rf
,.KQ ce’ —ﬁ.f (wm) ?Uk‘\@m _{}

QLUSQ {:Il'ﬂ
" 20 = 40N =KQ =94k
.':-‘3'4.-?

.rarﬂ“‘*"‘ . c
e /@ | A‘T
o

ZF ﬂ:‘:-KL+KQm56' —DRcosf-DE=0

g

el W ——
'_-'—_rﬂ-;

)=( 2{}_1(’%“211‘1) -24kN(5m) =2 20kN(4
N{4m)

) 24kN +;—(9_4m 4 DR-32KN =0

- DR=0
?']E-Ffﬂ:vU _DK -KQsinf-5kN =0

15N - DK———(94kN) _5kN=0

g n g i Shy kN 20> DK =

an be cﬂ“;bCases both the methods

isnat ossib] ined for an efficient solution.

toygh ot le; to pass a section through a me
stfour unknown members.

of sectl
This occurs wh

=5kN

mber without

:on cut of the members LK, KQ, DK
ave the following free-body diagram. aifte Lo

ons and joints

en it
passing
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FR=12N  F,=10N

Solution: ;
. First determine support reactions: |
IM,=0=>12E -Fd -Fd,-Fd,+F,d, -F,d, =0

=12, ~40(3)-12(6) - 10(9)+6J§m45“(4) w‘ 25in45°(9)=0
= 12E, ~120N~72N-90N+24N - 54N =
=>12E, 36{1'N D::»IZE 312N::E -26N

Again, from fnrr:e equilibrium, we have
:)ZF -O:A ~Fo=0= 4 F cos45° =0

= Fcns45“=£(5J—N) =6N
”)ZF —'0::’44 + £ '-'F"F-F F =ﬂ .I I | |

=4, +26N - 40N-12N-10N 6N =0




A _AHsin@=0= AH =52 5\

)2y
= + AB+ AH cos @ =
:ﬂEF =024, 0080 =0= AB'=255N

mber iF =().

_o=>AB-BC= U:>BC AB =25.5N

mSF

r.-u
L

4. 4 4 |
i,.gHC,-5AH-_-E :EHC=2N:>HCﬁ2.SN

pLF =0= HCcos 0+ AH cosf-HG =0

ﬂ_.§(2.5N)+%(52.5N)-HG=n'::x HG=33N

)ZF UﬂHCsmﬁ CFsin0-F, = 0:>SCF F—%HC

:}%GF =12N --—(2 SN)

o5 = : CF -IZN—ENC::':» CF =12.5N

i)LF =0=CD-BC- HCcost?+CFcn59 =0

=CD=25. 5N+-—(2 SN)———GZSN)
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l) U!"“l thﬂ' Hﬂ’hﬂd of l{lil‘ﬂ‘i find the forces IN me P — '
a B
mns., hml the qu » 1IN mem ers Ag
b) By the Method of Sect.( % v,
I8N I8N

Solution: Such problems are easily solved by breaking into ty, parts

Step-1: Determination of support reactions (Using the whole truss)
’ 1SN 18N

Using equilibrium equations, we have
DY M, =0 =, {16m)~18N(4m)-18N(8m) =0

=16/ -2I6N=0=J = 13.5N
Y |

=bBy +13.5N - 36N=0=&By =22.5N

Stap-2: Pf‘fﬁmﬂnaﬂon of member o fores (Usingselected iﬂm“)
'-:ﬂm _.n!euu' | Sxoutams
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“""""'”“’"*F—~-----..:,.::,E_5~ A gy e
h_'_“'.“""nr;“

L1 [T,
— rh'\-- rt:'l-l" Fg!.' i
— T I

,)Z,u; =0=> ADcosf—-AB=0=>4AD= %(22.5?4): 37.5N

if)EFI.zﬂ,::} AC-ADsinf=0= AC=%(37.SN)=3UN
i) Take a section through EG, FG, FH and apply equilibrium
auations on the section to the right.

R o )




