
CE6PCO2STRUCTURAL ANALYSIS PC-I 31-0 3Credits 
uisites: Structural Analysis I 

Detailed Syllabus: 

MODULE| CONTENTS Hrs 
Analysis of fixed beams, continuous beam, simple frames and 

redundant frames with and without translation of points. Method 
of consistent deformation, Strain energy method, Slope 

deflection method, Moment distribution method. 
Analysis of two hinged arches. Suspension bridges with two 

hinged stiffening girder 
Structural 

1. 12 

2. 10 

theorems:-Linearity principle of 

Superposition, virtualwork.energy theorems, reciprocal theorems, 
Muller's Breslau's principles. 

Basics of force and displacement matrix methods for 

beams.plane frame (rigid and pin-pointed)_ 
Influence lines:-Influence lines for propped 

cantilevers.continuous beams and two hinged arches 

3. 

4. 10 

10 

PROFESSIONAL CORE - III 



Module Module- 1 

ule 



MTD to analyse staieally Tnteterninel s 

All he MTD etanalysis Can be classified

into two types, depending on he types 
unknown chosen Pos he analys'si.e 

for CeMTDS Displacemenr MTD) 
FFC DSE 

orce flexibii17/Comfalibilil Dplacent/Stil4nes/Eguilibri 
Forces ane taken as 

um knoorns .e, Reachins 
S. BMjsequahions 
ae expPressed in tems epressed in terms ap 
hese Porces 

Disetaceman3.ey SloP A dpl4ehns{ane teken 
as un Knoon aud a4". ane 

these umknown dispacemen

slope deplectim e" 

i) Hzdiionad e called 4ddihona joint eulilriny 
CopanbililG condiHns 

a developed o ind 
all the unKnown forcS.n Slotpe daftehm 1TD. 

eane develsprd hd 
unKnown displacemmen

xLn Srenhy rMaherial Mo distribuim
MTDSu ces siv e approh 1D 

(s Kahi MTD ? Ltra ine Versiy A 
Ds T-S 2-1 s I sdan 

Sa s Compahilil Canc+h )shfene.us Matix MTD 

3Maix ve rs Sd.M. 

Camfadibily Cndilion> 
e lgahim in Ac: (omtacton Bc 

C4velahnshr ys 4eprmaba) 



. FGkehe d beawis ; -

Ega a(MR)- (1-Rt Nate- 
Tf DK i less Kou 4hese- M)oa HTD ane Suitaiule. Compai li bilil condi kim» 

Cst 6) -0 
Ce)st (e)wra 

3 Strucurd Aalys 
)Theoum 3-Mments 

Copac tlbiliy tondstion 

D{edundaul susses 
Sanenr or u 

loa MTO 

7 Cofaiily CondiHon 

Sae -K AE 

2 hnes Arch Compaib 

G Ip Ds i less than 
tas M TP used 



omenl Distriknl 1b 1TD, -

Concep -

O. Canny Oven Momen (C.o.M) 
It is the Momen develo tpeal at one Rnd 

due to applieol womdarHhe otel ancd. 

C-oM ane dafiad ly when Momsuts are 

nelied -one end . 

Case 
Jhen tan end i pxed. jc.DM 

CFare) M(applie nd Moma 

MA- lcom) }It is developad ake 

Sope zeno 

N Keachin Momeu 

Tduca Moum MA 
Dave lop Momsd 



Gase i 
Whan fa ud is king, Co.M O 

clapig Mome 

M4:(C-0.) - o ?'o be.clpe maad not ko 

be make to 3aro 

Cse i) - Fon Cauilevo bem,c.oM-1 
-M becau se, C.0,M and applid omut| 

ane eppo si l to each eten.} 

C-oM 

Sog Due to SaagA) 



COnNCEPTS: 

Canny Oven Fa cto- (C.o.f) 

TE is he nabio of carny Oven Momea 

and aPplied Momen 

Gasei 
When fan end is pire, C-o.f C0 

Applied M 
MomenM 

Case i 

Jhen a end is hin Co.F 0 
Case i -

Fir Cantile ven beem, Co. 

Con cepts 
SHffness Factor ():- 

It is he Momen to poduee uul- 

hata Hon 

Casei) : 

When fa end i pxe, pness pacta 

S 4E 
b 

M 4EL 



ase 

Ihen far end is frre, slttenen fact 

A 

CE notates frrely. 

So, siftene ss facho S Ob 

CONCEPrs: 

kelative sfpeness (k): 
Ttis the natio of Momenof nerka a 

lptf the Membe 

Case i 
when fa aud is pired, rela ive cPAene 

K 
Cage. i1 

when par en elaive, sh 

KE 



461 

3EL 

Case i 

hen fan end is re, nelahve akffnes 

K0 7 6cz sheness tuetrs, s-0 

Distibutin farcta (D:F) ; 

It dapind oMmmber melira ata 
"gie omt onlyf. 

is the natio i in whrh he aphed mone 

is distributad to vanies mmmeers mee tig al 
a rigd ms. 

C 

M 
OD member. DF- O 

bcz, K=O 

S 0 

DF 



Copaki bi tg Conditiams 
4E a niin au menmoems n ofates 
Same amoun So, o.F can be dained. 

NoTE 

A Oa nizid jpm, the sumot Hhe dishi utiay 
Oeto al membes meeting al- ha ipnis 2sa s one. 

CoNCEPT 

(T is a Se analy sis MTD, u se d t f: 
slops and deflechion in Beaws. 

TP ndiArea ot B:M.o inding CG t Area 
M.Oane Ziple, the. use Momend 
Area MTO ts find slepes and deflecton 

&uicKly 
ohrs theoram I i- 

Clasie Oat 
Cu 

CuY Ve 

A 

S.M 



TE stafes he augle Hhe two tagauk 
elrawn on he elaske (ime is hem by he 
ahea he B.M D hose. hwo tovgenks devided by El. 

Moh<'s Hheoramm :- se'. 
T staes 

The devialion poin 'B, away ror 
he tagen dsawn at A i.2 BB is 

gnven by are Mone P area op B.MD 

abour 3. divided y EI 

i.y A 
EL 

Re 

No TE 
To Pind 8A 

first Find BB using Mohr s theora nj T 

hea 



Casel. 

Find n for Hhe beam shoun n fa. [2Mav ks 

A 
I 

wwn 

I70 mean 

enure 1° 

Say 

e' 

G.9 e nol-ban 

6.MD 

1 implies lex urally riai.e, beam 
does nof bend. TF remains as a st.me 

B amially no igid 

AE only eI= o 

A Ccc 

ec A 
Ex 

)x (k) 

48EJ 



SA Ce 

D«Hectim at contre = x®A E 48E1 

96ET 

.rove ha co.M is shen far end .is ecd 
5 Mar ks 

M cappi td Momeut A 

MA 

B 

I7 /// Bue k Meln 
sSuri v beam as 

S S beam 

B.Modua b HA ale 3 

ee- A 

A 0 

- e ania Ve aLa 

A 2 



nova Hhoa- stifenes lacto's'= 461 

when end ud i ire 
t 

Mg 
(pit 

Momant) 

M 

M lon 

MA 

SHPfuess factes - S Momm ra o uu 

Ca oloHon - M4 

[Chl*)64)1.-(k«12)* 
EI 

MA-MA MA 
3ET 2EI 4ET 

Os AA M 
4EI 



So, S - M M 461 700 

om Mohr's +heoem 

EL 
EL E 

-OA = M 

ove thal- sffness pactr S= 3EL, hen 
fan nd s higed? 

B 
Mg-M (applia Mawel 

A 

8.M.O 

SHness fato S- Me 

AA: A (4rixM)C33) t 
3ET 

AA' M 
3EL 



S MB M 3EI 
MA 

3tL 

CoNCE PT ?- 
( 

Mfen 

WEm 

MFeA 

C 
MA 

Clocwise end momed kaken as tVe 

Antidockrze nd Momel kakon as -ve 



Vg5 

M 

MFas MB 
The Pupose f f.t.Mit only to Make olape. 
Zero 

No.foin Comtra flexure 2 



CONCEPT ) 
Comven Hion in M.0 MTD 

C 
foRndjm omeus 

This Conven Hon is vseeshile 
dis ributirg end Momeml only 

Sogain 8is 4aken +ve ad Hara 8. is faken as - vee

T Sn ConvemHy is &iseo wle 
droun M.Donly. 

Noe-A Rio Loas Axial daformatm art 
nqete Mo. MID 

. ( 2Mav KS 

Monew al Ais ? 

20kN 

B 2 

20kN 

Ne-o.M)U t90 K 

MA 

2o KN M (e lockie). 



: C.o.F CAB is 2 2 Merks 

Co CAB 

CcoM) at B 

AppliaMomaa 
A 

B 
A 

M 

Ve MMC.0,M VA 

C.0.M a- B M CAB M 
Applie Mamend-atA 

for Fr he continous bea shown . Momeu 
r.to Prau uníls slope a B is 

6 

M-[Je 
( 2E1 KN-m 

4 JeA 



rohe frame shour in fa- Moena A 
is 9 2Mles 

EL 

C 

ET 

B 
0.M) 

MA 
Mw 

Aom p.F Concpk]J 

Mome Momel at AMA 



.Axia forcs m mnnben As is ? 

2M 2M 

( 
tom omC.o.M 

7ckep 

A 

M M 

5 
(5 5 

Anial ferce in AB 5 (T) 

15M Aialorce in Be 5M e) 
5 



Analyse. the. Contnous Beam shown in a 
Ucng M-D MTDA tas SPD 6MD is 

8k 
B C 

4m 
VA2029E Ve 0.15 KN 

V- 35 5EN 

775d 7-15 EN 

0Sk 

23.SN 

2kNM 154 2x /2xyt 

8 

2 kN 

w 8* 

8k 
Sep- Giiked aud Mowe A P 

Fao-wt 

+16 KN 
-(6kN M 



fbe Mfcb t 

kN-m 

Step2 
DFS 

Nole 
I thene is only one Member meeting ata join 

is Df is always ( shethe, the join is 

xed Miga 

Toi emben k K Df :E 

BA 0.5 

B 
0:5 

Step 3 End Mome D3tibntiyi-

+lL-4 
EM 

8 

+246 Net fe.M 
Balane 2 

C 0. o 

t15 5 

MowenB 



NoTE-

Releasing ioints A &c means neale sing 
the pixi ies at he hoins a A' L c', 

.In end Momew dist+buion, e fix alu Hh dintsA ixed end Momemk curve 
Calculaked it ends ieinhs ane bingad,fhe) Nealese hose xihes by applyin mome mome OPposile to ixed end Momnla. Ne 
ied Qnd Mome ns are Calculatad. Realease 
he ix +kes al he interme lial joius 
also, +tais proce ss is cale nealeasingg or 

balanci 
Kepea he seme Pocedune Hl1 no Pirily 

is developed a amy intevmi dialT joiut 

4. st Suport heactom 6 

FBo span AB 

OW 15ENM, 

OkNm- 

A 

I5KN 

2M 



J.Ke.acion due 24kN () 
to applia locds 

24 E) EN4kN (t) 

315375 () 
2aciom due t 375 )3-75EN(t) 

Rnd Momemts 

20 25 EN ( 35.5) 
025 kN (1T) 

inal ratm 
V vA) V 

NoTE-
ci) Exactly unden a po'mt load shean force is 

mderevminale thar is why we calculal a 

HS 'DA RHS 'Dbul- Nole at 

Similary exacty under a couole M s 

ndeterminake. 

i) T shear force chages Tts Sin fsam +Ve 

to ve) then ve) BMs Maxumum at ha 

Seton. T Shear fosce. chenges Tts s 

ron(-ve) to (+ve) the (-ve) .M is Max" 

a at Seehon 

1f sher ferce. is zero ar Setin s is 

Mar m. 

For 1 to be Mar. o Min O 

Similarly, 
oM to Mar", ormm. d VeO 



T B.M isZro aa Secttbm there No 
IS Knon abo s.e Tt can any Value 

because where, 
No, relation ke ( d M da 

Analys2 he Conkines beam shom in 
usn Mome dishibution MTOA 
Draw s f D B.M.O. 

3M C 2 

8kN-N 

Vc4eN 

Vp 4kN 

B 

VA= 15 * VB: 4.08k* Ve 7-32 

4N 

0 

B-M. 

4 
teioM shopa 

dita 



Stepl FE.MS 

MFab MFba- Ebc Mfeto O 

Fare end o shoulo 
7net be fxed Bcz,i 
get depes 

N 
2 

c D 

Fcp-4x2= -8kd-m. -ve because Auiclo 

Stepz 
O.FIdealised Cas hiya sppo 

K 1pin Mamlben 

5 
B 

BC 05 

is hine 

StP 3' En Mome DibbHay: 

in A 
DF 

f.EMO 
kealea 

O8 

.+8 

C. 
Balance -2 ,-2 

o because C 

dealise 
o 

C0.- 
as 

-2+2 +-8 

Mbme 



Se Sppor keacsim 

4 2 

Reocins, due o 

2)Due to end 2:015 f 0-75 
Momer 

0-75 teN(t) 4.08 K4) 7.33N () 

VA Vc 

No1ps 

Co, nD feakm 

Tis in balamced Condi km 
hal- is why no need to ae 

Neaehn due to Mon t 

pv - Deteete dshop diagrom is as sho 

n 



19 Analyse he tame shom n fa: us Mowe 
distibuhm MTDA Dmaw sf-O4 B.MO, ATD 

Avial hvus Aisgra dePlockin profile. 
BA 

Step (V):- S.F-O, G.M.D, AT D 
20.25kN 

=/3.5 

6 7SkM 

6SKN 

B 
3M 

15-75 eN 
6.M.D 

Se- 
A 2.53 k 3.315 kNm 

2.53k 

2.5 3kd 

20.15 

Por w inflewlm. 

3M 

H 
4m 

ATD . Defrteo shope 
i-r rom 

intexhion 
2020 k 



NoTE 
Due to toi towta aeactin ar A, 'c, thee 

me witl no sway m Any ire ckm. 

Step F..M 
MFalo MFba Bcz there is no. loads 

on he span AS 

MFbc - w 

122 12 - kN-m, 
(2 

MFeb +9kN-m. 

Step 1:- D:F.S 

Toiud Meubr K D 
EK 

B4 .5 

o.5 

Step . End Mome Distriaution 



Joil 
D 
f-E. 

Re lente. 'c O-9 

Co.M -45 

Ne FEM 
Salante 

O O-135 O 

+61S +75 
C.. 3 375 o 

fina cn +3.3 75 +65-67S 
Momenrs 

Step iv -Suppor Keacion- them Loumn 

6.7SK 25kN 

BI 2.53EN

67S Ed 2kM 

S 

2-25kN 
8N 

20.25k 5 7SkN 

VA- 2o.2 EN ( 

6:35+3 75-2.53 EN 
VCS.75 KN (1 
HA 2.53 EN () 

VA 20.S kN 2.53kd He 2.53 KN () 
MA 3 75E*(O) 

VA V 12 x3 18 k1) 
Hg: 3.31+6 

6:*2. 2.En(1) l0 /y 2 S3E 

Va 18 +2* -20,2un {t) (S d.) 

Ve 8 -2- S kT) (orp. div. 
HA: 10,12s: q.S3 (>) 

He2Ye) 

.cd.) 



Analy Sis he frame shoun in f:us 
Mome DistTou tibn MTD (MOM).A 

Dnaw he B. M.D. 

OEN 

4 2 2 2 BInend 4ipe 

2 

2oN 

L 

C 

Sp f.C.M 
okN 

2m 

MFab -tox -5kN m, 
8 

MPb Mfbe + m 

8 

1-cg tloKN-w.

Mf 



step D.fs 

NoTE Since, oink 'B s not a nizid jond; Dpf 

Can ne be eais ar forced 

shep s End Momed Distibntn- 

Joi A 
DF 

C 

F.E.M -5 +5-10 +10 

Balen -5 

C 0.M 
-2.5 L +5 

fine t -75 oO +15 
Momeu 

Stuptv 
F.3.D 

7-5N 

2m 2M 

20kN 

Stan hene 

(SKN-. 



7.skn 

A M 

20 kM 

2 A 

ISEN 

Intenion 

Dehection shepe. di are 
ne axial load in a member P he. 

arwougutud shom in : 52 GalT 2 012 nK 

GokN 

m 2 

f.0.M 

MR 



Sol Stp : - Cnd Mome Dis hribufim ; 

Joiu 
D. 
F-E-M O-80 +80 

Balante 
+20 G-0M 

>+40 
Fius ed 

Mo mes +|20 

StpIv E.R.D 

6OKN 

2m J2oN 2 

o 
HokN 

30 30 KN 
hDkN

-Bok 

Axial farce in Po 50kN) (T) 



For the frame shoun in ta he axial 
rce m he mmbe P is 7 

2 

GOkN 

2 

s stept D.F 

Toi Membe k Df 
D64 

3 
O 33 

Step ud Mome disibuton- 

Joiu 

.62o3 
O -80 +80 

Balance 

536264 

C-o 2 8 

T268 +536-1.6 93-6 
Mom 



stpi: f 6.D 

53 6 kN 

932 kn 

goe okN 

20kN 
/okN 8okN 

70k 95.2-53-6- 9. 

Fon he ananRmed shon in a ari 
gidilj AE flexuranigilr is E1 Ar al 
Mmben fnd arial force. m the Mm ben P 

2 Af 
60 EN 

2m 2 

Pin joi- 
o internd 

Stepl. F.6.p 

6okN 
2 2m 2m 

-6. P9 



Fe end Mou 

A 

wa 

F 

MAB MAB -wabt 
T 

MBA' 
MBA atb 

M 

A L 

M 

B A A 

MA6- w 

MGA wl AB Mb (20- b) 
L 

M BA Ma (2b-a) 

when Calculating fixed tnd Momed 
Conside all te. Porls ane ed 

NoTE 

Consid n 6an eia alo 

n mly while calenlak 
d end maneh. 



.Anaysis Hhe beam by Momend- Disibuhm MtHd 

and DrowSfD Ond Bmo 

50k 

A 3m m 

so fEM 
MAB - a -50x 3XY

2 
8.98 kN 

1 

MBA wa -5Dx 3x 36.73 kNm 
71 

MBc w -20x 4 -26 6 7k NM 

Meg 90 K 26 61 kN 
2 

Sp in D.f: 

Toink Mwnbu DF K 

BA *014.J O 0.36 
0.14 T o 39 

O291 0 069 

39 



Sp Momenl Distibuim 

Joiw B 

MmbeL AB CB 

D 0 36 O.6 

FEM 48-18 347-26:67 26 
Donlnthu de 

M 
-3.62 

-43 final Momeu MXDf 

C-O
O 

M XD 
2 

Fiwa Momenhs -50.79 33.-33. 23 44 

MAB-5D 19 lkn. G 

MLA 33.1 kNm 

Mge -33 k m 

Meg 23.46 kdw.s 



50 71 50 2okN 

33 

B 

33 23 9 

) 3m 
RA 

2MA ON Mg o t 
50.19 +5Dx3-RBx7+3311-o 

Re 18.9 tkN 
S:| +20xq*2- RX4+23 9 

c 37, 591 kN 

fott 
50 +18.9 RA o 

RBt 31.59-20*j eO 
RA = 3 kN 

RB 42 41 E 
fin keachy -

RA 3 f k Re 37.571kN 

ke 8.9+ 42 41 
61 3| 1 kN 

37 51 20x4 Wab Sox3Y- Bs21 

,23. 

6.M D 

6:3/-16. 

y2 31 311-50 

18 

-18-1 2.4- 20XY 

17.57. 
S 37.S7+37-57- 0 



Folyse t'he r one y Movneu Dishvibahbn Methe 
aund Drons 3MO, 

(2 ok 

BeAA 
L 

21 T 5M 

StepL FEM 

AB O 

Noleo M6A O 

Mge w! -20x -26.67tm. 2 
( 

Mcs 2Oxy. 
12 

226 64 kNu. 

Mco O 
No load7 

Sler o. 

Soiunt Mbu k 

0.47 
0.65 

BA 
0.38 B 0.951 

05 O 38 

o62 



Soiw A D 

Mubr A BA BC 

0.62 0.3 38 062 

FEM 0 -26 67 26 67 

zMo 16:53 o13 -10-13- 163 

C.O 8.265 5.o6 8.26 5 06 

EM 5.06 5.06 

MxD 33 :92 -1-92-313 O 

C-O-36 O96 O 14 

-1 

EMXDF 59 0.36 -034 -0.$7 

0.29 -08 -o2 
in 101 
Momed 20.23-20.46 204-2o.25 -lo. 

A 
4m 

2046 o46 ROkN 

S 

EM6 o Ot 
MA O Vt 

Ro.46+lo u6 + 20x4 xykCx4o 

L011 t2o.4 RBx5 o Rc 40 KN 
Fy o t+ 

fy 0 RB+4o-20%YO 

KA+ 6.07 o 

KA 6.op a 



tO1 20.5 

L 

KML Olt 
-20 - 101| - kgx5- oD 

Ro 6 o7 eN 

y=o 

ke 6.okN T 

ina keahm.!- 
KA- .07 Ew 

Re 6.07+ 4O 
46. 0 kw 

e 4o+6.6t 

Ko--6. 0t ka 

20 6 

2 

jo 1 

7T 

6.0 

46.0 46 



Pontal Frames wih Suwoy Momen-Dishibutim-

Comcepk ! 
AM 

I L T 
*T wlnor away in ay 

dive cHm 
D A 

TF sbnuchne ano loodlingr ane Aymmetvie han 

rame wil1 be' no swoy in ony dire cHbn. am 

these two condidn is nol- Aakisby then rame 

wil AwaeiHhen kegt o i'zu de dion 

exanole- 

Pune Away 

(nam e Awag to he aiul-,) 
C 

Bpece

era fr 2 2El 

D 

A 

Loadi is 
Symmetricel

frame is not Apmetie frame snoE Apmefia 

(Fname omays 
toverods 

weak 
column slde) 

A(rome Amay to he lhE) 



Az 

matnit. anus 

Fromes Aymekvic al bu (loading is not Ayanie 

7 Cd Hhe frame or Conre. See m wreh dire chon 
the Cn frame dehlecks. In ha ire cin Hhe 

rome Amays 

So, tramas mays to Hhe la 

LE 

&Fname is not Aymmetriu loaliry 
ts Aynmetniea 



FAame Away to the ritt 
D 

B 

A TE Away D is prese 

Con tep2-
Sinking o sp°« 

L 
GE 

Ve (achdn VB 12E A 
He so 

WLaK C 



Due o the a ctian ok 12E1S Appoak e 
Aînks dan y Hhe amo S, dlue o this 
Otm, Hhe deain Mo men 6E LSae dveleped a 'BAc' as shonn 67 

T A 

Awelling Soff. 

Vc 12E1S (ahn) 
6E (Reachn) 

Ve 1E 
sE 

M 

eac 
VA 3E 

Vg3 Cacsm) 
ve 

3ETC.o")
12 

GE1 (kelease 



T Tanyjoin more verically dowwands iF is callad 

Sinki 
omy 

T moves hovijontally, it is caled Auay. 

B >He 2EIS (acim) 

6ECaction) 3EIS 
He 1 T 

HA 12ETS 

A 
GE 

A 
- HA = 3ETS 

OkNm 

Find venica for the niid block 
sShon in iau 

B 
ET 

1 
Sof 

L A 

GES S 

VA 
V8 12E 15 

w 
29EI 



Note 
Moximuw S. in he baCm Shavd at xx and lok let 

Maxian 3. in the be amm GEIS 6Exe 
2 

w 

.for an Octogonal hal ok side 'a, hour beams 
SHbness EI ae Pravided or Apporking a Five 
lass noof, the beam ane ixed in the wall a 

Cornes and M on oliically commected at ceutve 

c'as shon m Ha A ven ile l8ad'p (I Eo 
a the plane the bt) is to be Suspondso 

'CDetevmine deplection at 'c' and mao. B.M 

he 

ad S n the beams due t load P.|20 Ma 

. 
& 



Sol Si'n 22-5'- se 3/ a 
Sm 22.5s° 

4 31 a 
6 

"S9 

1 Pis shane by 8 beams so, load on 2a baom 

is 

A c 1:31a 

(1:31a) 

VA 
2IS12t1S 

(131a) 
ve L3 

S Pa(3ia O0 2 3fa 
GEL EI 

Moi muny S.P in the bean=Stan at x-x and lookl4t 

SF-e 
GETS 
1-31a) 

3) Moyeinmum BM in he beam M1 

6EL (02.3 Pa) 

C3I a) 

Ma o.082 Pa kN-m 



Fon -he fraume Aham in tia torce P nega b mave 
the gide Beam Ae dvo-gh Horigontal diplocau 
i7iven by? [2Maves7. 

A B 

EL 

Note 
When Companed wi Tcolumn ih Tbeam is vay 

Lone thun 
beam with I- Tt meons thal- beam is 

a the beam Can be i dealised as 

leua l nigid be am and k will not bend. So, 

the beamm AB Aemams Horigontal attar epptieatin 
he oad also, So, he dejleckon hope he 
rames as shown in tisure. 

(aim) 
A 

T 

GE1 

P-26,S SEL& 
3 



. . Analyse the frame shown in Pgwne using Momen 

Distib ution MTD, and Draw B.D 

Im 

EI Conskaut 

Note F.3. uided nollen. APporl 

00000 Me Fxd:M 

vcP 
Concuhon 

)From he above F.B.D, we find hal ar a guldes 
hollea. ppou Hovizental neachbn is nol possi ble 

b Vn Hcal nearian an Momem Neachon can h 

dwelopes So, can be idealised as a moable 

Hovizontal isplacema al- c is posi ble, Hhe. 
fromeAway's nit due to Movizontal laaof. 

)End Momen ane demloped due to applieof taadig 
ond Suuoy the. ame So, from he prinuple 
peA. posihbn, add he ehd momuws ue 
atpplied toading anol due. to say ko ael 
ina, 2nd Mowets. 



Sol Stpl 
M due to applied oo.oling olone 7 

Mba twatb 

bIm 

8N 

a 3m 

Mfab - wab 

Mfab -Wab -8x3x| -SkN-m 
12 

wa 8x SL 4.5kN- m. 
42 

HFpe - 24 - 32 kN-u 

Mfub +32-Nm, 

Stap- 

Joiw Mmber k 

B 



Step Non. Sa end Mom en dishibuhiam 

mome dishhuhbn ue to appliad 

Laading alone. 

Toil A B 

DF 

F-E S 45-32 t32 

felecse s 

Balance 
+137s +13.TS 

C.0. H688 

Pil e+538 +38 88 

tt6 88 

Momew 

Jod A C ane tixed Auppoaso don neleage. 

oin'A and cbalance. means Re leasina 1 

Bonly 
To ind Away s ce -

18.25 kw 

(B1 -5.9kN -11:9KN (Keach). 
6KN 

m WA. 83- 6 
8kN 

5.9kN 

2 KN 
5 38kw 

I8.25+ 5:38 - 5. En 



Ex at beam leval = (î.qkN CkeaeHon) 
S Swon korce. at beamm 

leved- C k). Due to ti's Brsay re 

he trame sways g 
) Step- Sway Anatysis

Ssony momens diskabtn eno Momene derelgped 

due to Suay alane. MFbCO 

S 2ETS 

MSba =6ETS MFeb 

No. e heubial 7 
etlle ma 

MSb GEIS 

Note 

We cam no eqnale 126 IS I).59km because, 

rotares4,
10i B s nata ised suppoc and Totaes, 

Hhe momend 6EI S 1s istibwed to to 

Membess at. 

epal to 
So )eaHon 

will ns bee 

12EIS 



Soiud A B 
DF 

F.E -10 - oo O -IO is assume 

Balane +5 5 

C-o.M+9.5 2:5| 

F.M75 -5+5 9.5 

To Fi ase Swoy rce 
5 kN 

3.12k CaHon 

(5 75-5 - 3125 kN 

7.SkNM 

So Sway fonce at beam leve 3.125 kw. Due. to 

his Sway orce Cackam), 5kNm, 7-Sam ete aae 

developo.d 
gul acHon Suay torc is i19 Kd 0rm ine a 

intepolaiom CoTrected Sway Monmnts ane obramed. 

So, Covvec-im taua 19)KN +3.81 
3/25kN Heha 

aLs ue 

ame dirr on+Ve 

OPPosile irechun - ve 



Note: Tboth horce ane in dame dire chion, Ctvech 
acton i is takn as tve Ik any ane in Roik 
diveisn he CoYecHbn tactor is takn as (-Ve. 

(V) inal end Momeul Fhom Prineide Spepos. 
Toiu 

No Swog nd 5.38 +18.2-18. 38-88 Momews 

Coreteo 7.5x381 -53 8 Susay 

Momeuk -28.58 -19.oS t19.05 82 

fhal eno 23:2 -8 8 48 

v) Siep'-SD and BMD Supponl-a eacin 
0.8 kr 

48.4kN 

web 8 6kNm 

24 *y - 48 kN 8 



484Nm 

B 

3m 



Pb bajed on Pne Say 
nalyse he tramne Ahawn in using. M.D. M 

and dra B.M.O7 

1oVN 

A 
m 

m 

m 

C 

S pl 
pl FE.M d to aplied Load on h Sipan, 

Meab Mfba = Mhoc MFeg = Mecd MEdc 
becanse thene ane no appied 
toade om pan 

Manba 

Slept D.F.S- 
A 

A e oiud and c. 

Df o 5 r a membens 

p Non-sway Mowme Dismbwhn s Sep 
inee, hhene ane no f.e.s due to applie 

loadls, no gon - Sway momeuBs ane devel op e 

Hhar is only wwy is Called pwe Sey alane. 



Due to 7okNm force jrame Smks dom. 

Mab6E1 

-6E1 S 
5 2 MFBn 

hm 

M de- t6IS 
5 

M ce O 

Mcd+ 6ET 
5 

- 6E1 
Kakio r Sway momenhs MpsA 

6E 1S 
MFLo 5 2 

Hssum MsBA -lOkN m (arbiray value) 
Ms ed M&BA - oKNun. 

-
So, asSumed Suey So 

Sab MJba = - (6 LNm 

MSbc MS ch 

Msed Msde (o KN 



Joi A 
slos 

f.M -0 O ot10 +/0 

Balamee 5 -5 
|25 -25 C0M 

alonee -/25-)-25 
C.oM t0-63 O-63-0-63 -0.63 

Salence tO 31 +0.3) -0 30:3 
Cisltr .8t Momo 76-87 -3L434434y344 t& 8 

To tind Sway force i 

CReacion 
3.4u 6.81kw 

F.BD celumnu 
nenecceS a. Bcz, 

wll nokcontribui G 81+ 3-4-2-66 v 
5 

A06LN 

(achn) 

3.4ykm 

G6N 

06 e 



So, Suay force = 2.0 6N 2.06 kN 412 U) 

Dae to his Suay orceSuay momenh 6 8- kdm.

344Nm erc ane develope. 

tChal Suy force 7okN () 

So, Correchim frctor 7okn ) 1. 
4.12kN () 

Stepv) Einal enMomank-
Joi 

Non Sway enod 
Momes. 

COTreted Suay 

O 

6-81 -6-87xF 
-116:79 

-3-4% 
Momats. -548+58 -53.6+ BS +116-7 

fina naMomens|-11619 5848 S848 -5B4+S8u8 +16 19 

VI) Step MO -

16.79knvm 116.94+s.5k 58 7oun 

ISB48LNm 

35N (Note -

10KN Shoudnal- be. 

Kepon any Fb d 
Tt is shaned 2 
Member BA ona Bc 

Rpally as sha 

35N 
SB.48 m 

/l6 77wu 

35N 



$8:48 eNn 

116-11wm 

6 79kwn 

58-46 wm. 

M D 



A lixed baam is subjchd o a clockwi se. Momentas 

Shown in iaae Usinr M.D.M, find fixed nd Mononta 

davalo ped a he uppork 
BM:1ONm 

1 
21 

Note. 
Since, thae is not supports at B, join B deflecs.

So. tind end mamand due ppitd loadin ond due t 

Sinkifrom the prineple of peposikon, add 
end Momaut due load and due to Smking o ge 
tina end momms 

a Qnd due o 

stepi F.E.M.s (due ko applied loods on the dpons) 

Mfab- MPba= MebG = Mfeb= O (o because Hheee ane no 
oads on span 

Shp2 DFs 

Joiw Meben DF 
BA O.S 

O.5 
B 



RP Non Suay end Moments distbh 

Soi 

3alace tS+5 
C.aM 2.5 t5 

MOens 2.5 +55 25 

Noke. Appli e 10 is distributed n Hhe naF 

Distvibutn Pactor. 

T nd way force 
5uwm 

V 
5kM .5Knm 

5UNm 

m 6 

tB B 

255-1S2s 25kN 25kn (1) 

Vp=25kN() }eaekans 

So, Sway force a '8 I.26eN (). Due b his force 

oind 6 Sinks danwds.



p Sway MoMens Dis(ibn fy: 

Toia B deflech dounwavds. 

t 
eB 6E 215 

MSAe--6EIS 
3 

Moee Men6tIS 
3 

ato ok Susay MoMes 
6ETS 

Ms BA -2 
Ms BC 6t 21 SS 

Assume , Ms BA = 
- 20 kNm 

MsBC NsB4 - 20 +0 n 

So, asSsumad 

Sway Moueus ne MrAG MsBA = - om 

MsGC Mses tlo kN 

F.C-20 -20+O 

Bala 
COM 2.S 

F I7. 
'Monad -1S1S 



To And Sway Force > 
1Sww 

1Sv 
12.5k 

B 6 C 

o 83(4) 

vg- IS.41(L) 

So, Sway foree is 1S41 EN CJ).Due to donuar 

Suay force. I1SkNm, 15KNm et are developeo. 

Bu acual uay torce - 25LN (*) 
L 

So, Comeetin factor 15 en ()- O081 
(5.41 kN (L 

Shepy inal end MoMete 

Toiu 
Non Sway end Momens+25 

A B 
5+5 +2 

Coveetd Sny kmens_(7.SxO-8 
E-l4 2 

fhol end MaManks 
+108 +378 6.12 3.5 

So. ixed MoMets ane 

MFAe .o8kdm 

MFcA 352 Nm 

Chec 
MBA t MAG lokNm . 

3 78t6 22 lorNw 

>9 nesults one Corected 



.Find Fixed hd MoMents a A' and 'c' and 

dete hbm ol centhe. for the beam shown in a 

20 Mavs 

slstep N Non Sw ay anoMomew diskyibion S 

Joiur A B 
05 0.5 DE 

Balance 

CoM 

Momans 

To in sway force 

B 

0.15. 151S() 0) ) 

So, Sway farce o, Ik Mea iom B wl ot deltnh. 

So, No Sway Momeuhs dlistibusim 

Mpa S ane 

Mfae M 

Meca NM SB: 0 



Portal Prame wikh Lncline Mamdbe i 

Avalyse he fvame usina MoM and raw 8.1.0 
30 Mavks. 

Im 

3m 

6 
D 

67-4 

-9.Sm 

Sof 

LAe 62-5 = 6:5m 

tane-6>8- 64.4 

Non swoy aysis 

S F.EM.S 
M fab MFba Mfcd 5 Mfdc o 

4 

MFcb : *|.5kN m e 8x3x 
4 



Step D:y 

Toiut Member DF EK 

BA O. 23 

B O.65 

B 294 
B o64 

C 
CD 0.33 

Stpm'o Non swouy end Moments distribukin 

Due to appli load only 
Soiw D 

o.62 0,3

F.eMo -4.5 

Bolamce +1 3.4 o-O 5 

CoM 55 -o5 + 

alane O1S+0.385 t.39-0 56 

Cor 0.0545 -o S6% +0.1925 

Ba lane O3 t0 44 018-0.06 

F.eM045 t13 H3 +12 O 

Note Toins svuay korce for porkal granies wh 

1ndinedMmbes, we. have to cra f.B.D sk 

al Munbes



33d 

.2kw 

3 

SkN 
6-03N o-o 2kN 

8x 3 6N 

.2N 
4 

1:33+.)2 -1 OO3 kN 

G03len 

C1-2kM 
33 a, 285k O.qnd 

6M 

16-64-4 

ON tr 2-85 ks 

To hiuol He 

AO -Hax6t (-. 33) - (oso?)x 2.5- o.-65 

2854 ks () 
Eak beam leve- 2.85+0.G - 2:45 kN Net nencte 

at bean leuw 



So, Suay torce a beamM len 2.45kN. Due to 
Mis torce, frame dways to Hhe nz 

Sway Momenl distibuhn 2thol Momen-due Step 
to Away alone 

Note 
Since, Suay dis placenRu ane maA, t s 

acsumathal the displacemem occur ( 
Pepmodilon o me iniia Com wabn K he 

wwoans. aud all ORad anial detormahm anee 

neeckeod 
4 

Assume. BB 
then Bi Bz S. Sin 22 6 o.38 S 

64-4 B CC) = SCos 226 - 0.92 
BB2 CC be cause. arial defomahbn

ane negleck . 



m 

M 6E (11) (0.38 D-36 

Mgec + GE2I (o386) 

4 

Mien--6ELS 
ALALLL 6 S 

MccD 

92S 
K 

MSAG m 

MDC O 

D Say moMens : MsBA MSBe ' MseD 

GETS + 6EI (1T)o.38 S). -3E1(o49)8 
6.5 3 

0 14 o 285 -830 xlod 

- 8S: 107 by 3 

us 9 



SO,assu mes suway Mone s ane -> 

MsAB MsBA -4.64 kd 

Msec MecB - 9.ENm . 

Ms cd Msdc O - (0 2 kNm 

D Taw B 
.23 0.7a 0-67 O33J 

4.67 -464+9S +9:S|-10.2 

Saloe -13S -3:48 +044 1+0:23 
+O 23S -179 O 

CoM

-0658 -0:181 

0.S83 
1 166+57 
-o01 

balance 

CoM -0 032 

Balonce -0-765-o:4y tO 06/+O. 03 

final aun-54
Mome | 

6 2+6 2 99-9.94 

To ind Sway Fosrce 
6.2krln 

4 3.kN 

3.54 N 
.wm 7-4km 

3.9 kN 
319k 

( HA3.5+N 3.5+kN 3-/ 

3.9N 



To kind HA 
O 

O 3.9x2.5- 5:4+HAx6 -6 
arA atB 

Ve 

HA 3.57 kN 

xa beam lwel 3.57eN+3.14 kN 

6.71 kN 

e to hi's Suay tarce 671 kN 
54kNM, 6:2kN-m etc one developad. 

Ackuas So, Coe etion tacto= 2-45 N o.3 amume 2.45 N 
Osumm 

Slep-final enaMomensrom pinea t Aptost 

Toi 
Non Sy Momenkss 

A B 
+0.65 +1 33-l33 t2 

Careeted Sway Mormeus -5.4xo3t 2-3 +23 3.S-3 
-2 0 

fin end Mome -1oto 47 4:7 

Siep BMD 
okNm 

3m 

.0 kwm 

3m 
6Sm 

Stan Heae. 
3S kasn 



47 kNm 

3 

okNm 

.35wm 



A Continous be ans wih7 plastie Momel capa cities 
issh y in a. the, coree ge gpuemce. 'in whicl 

Plastie iswil be hovmed in the beam is,

B 

M (O.s MP 

C AB 

A,C Simultaneously holloweal by B 
B, C, A 

B rst, tnen A and s imultaneen 

explanatam - wkm 

c 

wA 



Ac Simltaneous followed by 

Atte moMel distibuidm 

Firs hige. at 's 2nd hige atc thivol hie at 

A 

Note 
Shce, thene is no koldi on the span Ao and CE 

he kixed end MoMR a A and c oe disbibted

to he Mimbe AD and CE, also att Enol, MoMen 

diskonkim Momems. at A and c wil be less ad 

tVe BM a 8 wi be Mapimun So, Ars plask 

hing is developed at '8. 

2no plasie hinge. is developed af c becauSe 

Me value for khe mndber cE is less. h he 

beam is loaded frkne 

Third plaski hinge is deseletped at 'A'. 



. Analys the beann som m t usin MoM. 

P Ap 1 10.6T 

M 

6kwm 

9.4 

BM aFc 4«Nm> MPL h 

81 a A 2-45 krlum» P r hi 

Step 

Join Mutuw F 
4 

o.S+ 

o.6 
CA 

o5 cE 33 



3 4KN 2 12 

3x4 GkNm. 

Skp 2 Eno Mom DistvbnLibn s> 

Joint D A 
O43 0-57 

C 
6 0-33 

E 

DF 

feM O-4 

Baane -72 2.6 268-1:1 

C0 O 86 -1:34 .14 0.66 

Balante 0.58 1D.76 -0-37 -0.76 

C-0M 99 0:38 o38 - O-!85 

6alone D:16 0-216 - 0-95 -02 

+2-4S-2.45 83-83 -084 Momanhs 



use M.DM Qnd Draw .M.DS? 

3KN 2 

A 4 2m 

3m 

m 

E 

S Stpi f.G.M.3 

Mcals- 3xL- -1.5enm. 
8 8 

Mba +15 kNM 

MPRe-2x4 -267 kN. 
2 

Mfe +2 61 kn 

ab- 3XIx2 *133 kn 
3 

3 



Sttp2 9 

JoirMambtn 
2 0 96 BA 

B 

Bc .0831 O 23 

0 31 BE 

O 3 cB 
C CD 0-833I 0.3
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Shonte MTD in M.D.M1 

Coneepk 1: 
Ta Continous baanm or frowme are smmetti e 
Ond he gmetvi. ais passes thvonh wid-span. Hhen 
Conside me stHness central, spon as half °5 ks Oinad value and cavy Our momeu dpribuhmn oho the beam omly. wim opposure sim aite al Hhe moments for the othe helg he bam or loe 

A 

A KAe B 
KBe 

KAD 

A 

3 



he bo or tram is Aymmehi cal only abeuone 

Ois Bhem Conside hal o me frame witm he. relatve 

Auecs os shown m hu ia and Carry ou he 

momew disibu Hy ony for he hal oz tme frame 

wh tne opposils Aigm, wrilë Me momlnd fr Hhe. 

ohen nal Hhe Arome. 

kAD KAP 

KBeL 
Koc 

he box frame is mmetrieal abou too exis 

en Comsidene ony quart ot Hhe frame wihn H 

elaive Aktnes as shon in me Fa: comy ove 

momu disfibuhn a ony one oin wrth oPPsile 

he 

Sin wnike Hhe moman alal oHhes ioin 

Concep2 

he Coninus beam or rae is ymetriee{ a 
he 3ymetriea axis is passes , thou he Srp 

OJ e SupPor as ry ouHhe momn 
diswm only tr hel he be am, sth h 

oPposile sin whike me Aane. values for he 

Other holt ba am r rame 

he 

KBA 



Analyse the trame Ahovsn m fia usia MpM 0 

Drouw B.MD 

4 

A D 

Note 
SSnLe, the irome s Symimetrical aeo a & 9 

aris On one uante oj the from wdh relahe 

SHness as Shoum in ka. s Conade. and 

Mome dstbutby s caied ouomy a 

4o AA 

A 

sske F-E S 
kWm N 

1LN 
MEala bl:a2 =kNm, 



Skp D.F's 

Soi Man k 

AB o.64 
A 

AD O. 33 

p Ene Momeu Dis bibwim .> 

Soiu B3 
DS B'and D ane. na 

a joi 
.66 03) 

f.eM +1 

elea se +0 7-0.2 

Fin +0:33-0:33 

O.33 m O.3SKum 

o.33 kwm 
0.3 kd 

Stand hee 

o.33kNm 

o13 kwm 

6Dh rae 



Step B..D rome 

6.33 o.33 

2 1NM 

0.33 

Ar 2 2 m, 8 

Analyse he bose frome Ahean in kt-us 
MOMeWdishibuhn MTD l nkint use 

snery Afso raw BMO. 
50N 

2-Sm 2Sm 

Sm 

5m 

D 

Lo 

Sol 

KAE 

LED 



Note The trame is Symmebuical abou -axis ony so, 

Considen only hal o the frome wikh nelaive 

Aness as shown in ba: Caody ou Mome distibuhbn distribuhby 
only tas Halk e Arome wim oPPosite sign wrid 

Bhe mowmeul for me om hal me rame. 

Step F.E.M.S 
Sok 

2-S 

MFac 0KS MEca T5xS 3.15 kdm . 

8 3 

-3125 Nm 

MFde -20 83 KN. T 

tiox5 

20.83 kNm 

Jolu Meubeh K Df K 

AC o 33 

A 0.67 AE 

EA o6 

3 
O 33 



(u)nd Mome Distibnhoni C AD ane ne 

E Joi C D 
0 33 .67 DF 

- 3415 o +20.83 

Balante t18.31 20.93 13156.87 
CpM -6.98 0:42 

Salane +2.3 464 7-o-34S 
CoM -3 S 2.3y 

adanue t1162.35 -5t-o. 7 

Mon -17-48 19.45 172+132 

Sm 2-Sm 

17-48kNm

L9.S 5 

1-72 kn 

5 
972k 

9-32mM 



62.25 N 

746kma 
748kN 

48 k 

972 N 

3105 Um 

W 5Dx5 62 5KNg, 

OxS 31.25 Nm 



Consides Symety oh the niad frome e Maplho 

o MOvemem at c is 7 

2kJm 

6 6 

K-8m 8 

Sot"i 

Note 
Since, he trome is symmuhieal arbou y -anis ano 

Rhe Aymetni oxis îs pasina mg me sppr 
Considehe only hel e tva me. by takng c' 

a gixedApport a shoim im }7 
2ka 

6M 



Jo i Manb 

o15 

B o 1 

Sp End Mo nne drshibuim' 

Joi u B 

o.1s o 7s D.F 

F-E.M -28 t28 

Balanee +3296 

C.M16 
Ci +16 

48 

+3-3z +146| Mowu+ 

So, Momend a ' 176 kN 



For the above Po ha is he MomeJ at 'e o 

the columm 'co is. 

Se 
6 ,76 

MeoOksm 

MeDo 

Mpc: O Kndm, 

Conclusibm > 

Beeauie d symmety Me g& MeE ve r so, 

Cofumn cD is aiall loaded MembeL only, 
Momen in te colume 'CD i zoYO 

topic 

slope deflectdm MTD (Dileckn es" ) : 



MBA Sik 
W W MAD 

W 
Ma 

26 (C-o.M) 

SFrom shfpu 
EL, OB (cor concep A 

6ELS 

MABEnd Monnem at A for ma Apan AB 

- Mfab +4E L 8A + 2ET.88 6ETS 

MBA E Mowem at B r the pon BA 
+Mfba 26I A4E10g - 6¬L . 



MAB:MFab+2L (2 +9-3 | sqe delecon 
a 

Men Mfao + 

Notc From he principle ot spepositn we ad4 
ow deplecked dhapes o the beam, we e 
ino depleeted ohope similaly by addi
on end omenk's we ae fina end Momens 
f Hne dpan 'AB. 

Concepl- 
Many used he Concep o stPne ss facko ond Car 
Ove Momend to dewelope lepe daflekim equahen. i.e 
yit is also called stness 1TD Analyi 

Concepk 
* for anol iovce, i.t Ooverharg beam alope deflecrin 
a9 Cam nal be whitem be cause, Are aud conno 
befax ed to ger Aope dePleidy e. 

Comcapt 
Sn conve nkions in S.D.MTD:- 

Clockwise end Mome ws e taken as+ ve and 
aniclo ckne end Mom2 ns ane taken as -ve" 
Hhis sim Cenvankm is used wwile iti lope 

dtlchim es" on. 

(Soagi 8m i: taken as 've and hogaigr B. 
is taken a Ve'. this Sn Conven tbn is Use.dLsile draniug 6M.D ony 



Clockwise notakon taken as -e aud auhclockise 

norotms ae taken oas -ve Har3 sijm Cmven Hns are 

used wile drawiug detlechdn pfile.

wit nespe b tE sPPor, ij Hhe nigu Auppor 

Sinks dousnwords Hhen 'S is taken as +ve 

W.. to 1hk dppor,i e Rvgw- spprs moves 

wpwards heSis toakty ao '-ve'. 
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