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1(slol) $') - tt ZJot:ptu

:  o .  t  * 7 3 o ' 7 6 7 + 7 - 4 *  l , a e 8  *  ( t

= 5 t 6,4?o k^/. ,n

.4.

G9
Yl - . -aV;

t in  zg,  r

{L = ?.s- , lo. r t rX. , t )

l.= +8t

( | = Ean-)

2 - s t  o  . 6

3 x 7 , q

t = t5ono,
(ilqf)

j s r

-hla!
no.qf

W

Wu = 2o . 5732t )+ 4.t x ?. q
=  7 3 o . 7 6 7  k N

t . t r -  +  =  r . t { - - 2 - 6 = r =  t . o 6 S >  l . o
Jg  ? -c l

Here

F=

Mo )'

ftpp"rhb1 fu,s momenf 2

\ ( rva ?rJrltt4v 3'7m
I

.ffi

*" negohve . g, M. in //ze bk,nn *rip

M-= o. fo Mo = o,So X 5/6 .T?a
= 253.39s- kN.-/62,+_ aiar\)

Tle ef/e&',re +tt ,'s : 
4 = (zn _ 2o _ 

+) = r?4n_



Use P = M ' :
rft LJL

25 t  . 39 f  *  t o6

o.1 t( z7-f* z+@ * ( tTtl)'

F,zm frLte ?

,  o , t i f  u the" ,  K=o, t . t3 jc2=  ?  o ' t 5?  
uhe . t  K=o , lq+ t

Ose ,  c , . )  =o. l f | f  F-  R ^  o . la3 6K

*.f. lo,. lfF

o.EE{x27.{ /Sgo

i u,Ot rr*:,-{
Thlu frs = FH "ul?

= o .o t24s*Zr l tm X t74
= 52az ,r2/12.t n aiafi)

"f 4 /2n- Lars = 52n '1
f f  

=1L  ga r s

facrhq S= 21@ 
=' (/ +6 52ma

use F = flo'n,n

-,L

Er  /V ' :

14 !  o .2o  Mo

= o.Zo z(g/6.7fo
= lo3. gft kil. ,n/ (2.+n u;a7lS

i s
TAe e//er*?e JeVfr. ./ _l rr"

J=  t f c : - -2o -  += tzemm

rle steel rq-ha f ;t ,

f=

Nate..- r t )s be ttZ: ' -.'^:' 
"': .h use s6m- ia tT,irt" sps'nA tuill .Le oL",i lov ̂ ?o ^_ . 

caLe,
v 

S s ;fl3; & qta_s;4 aes, f. l+,&.



f * d
J f t= t o3 .3 f3 *  t06

o .1  x  27 , f  I  2qoa tCn i l z

Fto^ tle -(ables i

o . t z  I  I

na'o f= o.tur g * z?.f /Sr"
z a.  oo?f7o

Sfee/ qtu j
f ts  = o .ooqt? op ?-Htm)(  tTzl :  28+6 *^.

=  o ,  t l 3 t € {
-

*J wg'
.r--1"/4 7?

t  
o  ' t z l  f r ,  R :  o . l l 24

u): 1
I  o . t Z Z  f " -  R = o . t t 3 3

us€  co .

71'+C ,t{ee /

N o .  - /  ( l z n m

slaay

bars  =  zSct  =  z {  Lars
u 3

2-1mt
$ =  # =  ? f z n n  -  t o e  s r n

2 {

z Ctz Szoz
(ad/)

z /tzdzon
C bt .1

6rz Szoo
( sf.) ltzQ zoz(hu



(nn"lys;t "f ft*+ s/oL s)

An iryferio, ft"l s /a6 ltos _rf ans f.an $ 6.6,n +
ri su1leort€/ on circq,lotr Co/u,nnf o.4- ,h o/,2rpfu.

he ,s/ef, ,'t withaut lnf pa,r,els $ lror lvh! f,;*roo
tfo -o, . TVe slcb is "t;n /"rce/ bd dtzr^ e tLf ma in zZe

Tosih'r'e Le'a;U nurnd ./ fz.e 
-cofumn 

s+n1o ir.t.17.,e ,*fl
s7n, &L/ //zon D 62.fa^ io t'Lre ne7rdr.rze t"**rry
mcftnoaf ;n rt.,.e Sam? Olumn tlnp .n< Sur/."r-6i_

/s o.,f  kN/-2, 
fr- c-nznfe . f :  :  zftVG, v, = zq.fteN/,o3.

,.fr- slee/ 
fr 

-_ 3to n4p , clu, Gter ,i 2cezrz. Endt'Le
4;w lxal caTacr/ "/ llr;s ,slal .

,(af:- r-;,=: , ,nol ,r" fr,. _!_ hdih,onf :
1' Lu'n shea'r z -puruAing srear 3. M1,n coru^n strip

Cc.s.) 4. M- ia (c..s. )  .  
(

+( - \ l vc  i oo .o l  =  us -o_d ,L . )

g.



2 . fre web . 'This

TL^ur , Uu

sfeel f,- i

usuallV redwrgul"- or trapezai Jql.

7Ve we/2 rnust be desVneJ 1z take 4e -EAarina

force.s. No sAear rcirt/orce-a* is neeJd. In _fryg ,tr
mh;rrtu^ f B^o, or d!o-- .glirrupS * d/z nro_ n"
enJs + dt A in fhe mlJJle ar€ ,rffi

bd ,rile.e Mc= 
* A

girder
2 (to ea+v

17r" .rt1, )

wr
t/Aru

se&'ott l- |

( T- serjr*, t*tder
psiliys B,M.)

.secA"n Z-2
1re&nXuh. ue L
under n€gahVe g.r./.)

bweb = 2oo -2fo otm

b/ = 8a - 4cz no,

Sfeel fr- U+



€M" ( 
"lesiTn "f ,- *V ri Lbed sta,L) t

A rec/*t7ula,r drea *)th c)ear sparrs e.6m * t2.t1nt1 is h
Le covere/ by d ,-*T rlbb4 slq.a ,fue rilos u,, xiv€n
in lhe "fr Ture . TA e irnf arel ^0;r,* -po-.J ,,r f f tt /rn. A r;t e
surfaclnf toa^d l'o rc,v/.?. & crncrc*e; /: . 21 .fMpq

le = 2+.f pn11-t
tu tlee/ t fd : 3to Mpo

f, 
d,€-: fu ."/te*n^! 

sfuel )n fhe .iLs + / g-o, inthe
(r.,,tr., clre.kot'l,e sLa- in!,e n'Ls 4 jr;g" 

fite
fteu,ru! shel.2 ov€r --4Dmm ?

?  |  l .
Do h{n o'n 3-

l'-F,* f calaaldl-e rZe
ulh;ute "h._t.

frke tae f/*,g" (, ,A *L)

Su= t . .+ (o .o? f * t  XZq . f  + t .o )
+  t -7  (  s .a  *  t . o )

= 12..f 7zg p,v/-,/ 
(a,;Jrtt)

Far f'@Py fake )

1t4 - L.l)i,,,4nL

lo

M+= p/;

; q  4 e- sAert
d,'.ecJiorr

$z's'-^,
L 42f,nn,

flo^

ribs
J-

lraFU* N;r'
(rc q€lr iPS

+
M'=

n+uz

(u'af/)

t2.q7zf  x o.62
lo

= o.q4? nt._/_

use e//ect:ve .lepfA , ol=?'
d f;r+ !"tt x = ;r.{_o,

6of-t;.*ra
\ qsof,^ y"l ,

__rl 12' n
{n  =  o  .6 rw



Use f t=
af; aJL

o, t tc l?  *  ro6

o.7 *  27. f  * t t too s3?. rz
:  o " O l Z ?

This gives ,
a t =  a . o l J

7Ae slee/ rq.#o f = -7;,/f/
= o.ot3 XzT.f /go

? o, ao l lf3

So ttse , E; = o . oo2 Cfr- d,sf1-,,gn1t-r,_, sr'eel ) ?
, b,LFclc.r( ? \ P, tzt 6F2y,,ji ( pd,) ilp4tiu;.
7hu4 As = a.oo z * 3Vfx lozo

= 7f -.2/o, (_rlft)

Use / t -*, ar;1| qr?a -fr.2*nz
Lars ) n,-

L: /'f Lors/ot

sPac/4g ss 
# 

^ 666-6 _,_,

. 7he nutt,Ler -f

Use Es 6a,z ,,,ry, eh LoZ Jfueglns 
).

4 *aKe ft"e .;l witl 7h" fto^-- u --fe A.J f, gs44._ , _

cal ur/ate the u/*i,,na/e /oo*/:_
rt lAs t,  + E (o.t?f *o.42f ao.o7f*o.??f) x 24.f

p o.?7f * /.oJ + b? * (o"??fxf) 
r

= 12. 2t7 KN/-



TTten cl,e"K,"fl ,sLu,r

vu, w- L+ - "tJ

t /  /  = o . l f g 6 M p o
D^t el

N-= -Lt f( J  r  
- t  

c
o

n_ _e_EGr
6

=  o , 7 4 2 ? M p d

vc 
7 ,o  o ,K.

Tl"e2,Aesign 
"/ ribs: -

a Stu,n€ /7, e seq4?tn / , TZ gsa 
,

d.

M = wuLt = t2. 2 t? ,( e.6f
to / O  

, f  1 . s  K r y . * ?

a J-ltvurt 
fioel, p = 

l/2.€ * b5

-/
m Cu;Al)

o  ̂ GZV*42

o.? x 2?.f ,y ry ,r@6of 
u '=  o . o 2 t 4 ?

+ crr = O ,o 222 47f
4 s o ,  f  . * / r . / - a= '*ri/fl 

crLecK et : ?
=  o ,oz2z  *  z? , f  / l t o  {

4(t ,rn P
= o. oo l? 6?3

d = (  4i5 +?r )_+o
= 46o m-

vu= t2 .2 ,?  L+ -a+eJ
= 5  3 .oZt73  x*

N, = ?!^'l ' '*8- = Gfg.€rr kN/;
a.l?f , tFl6

= l l2 .6  t r t .



e.
I tttt a

8,,

t .4
J

ly
l, Lt

3t0

* b *tl

* tZf
?+r

#, G se,.

= o .oo lo  lg77

el 16
( bf.)

TLut , fts = f bJ
#
=  p . o o  l ? 6 1

cn 7o t.?48

U se Q t6 -* wiA at€a

the number af, L"rf

7La u, e + S t 6

fr'- M 4 H+.

*7?f ,v +6a .o,?4fu
z 7o z ^.t/f cwiot*-)

2o! ^^2 .

*= 3.f La,s/-
zo l

t  w €  f =  " ' o o l o t ? ? 7,L,^t f >E;"

( se4;n /- / )
of niJ-rfout 

/

P t +

2 / r {  ?
(  s * 1

d  t (  ( q d a )

( SecJia z- z)
tat eASe)

t4-

t i
1 . q l

L//6



A ,s{qircare

+?' prcvile

#
R.c. srn/R cnsEs

is a slrudtrc u;l/, sfrfs (o, sfuirs) us<d

m rsvenunt b dtae en "l,f/€r.or^iL ,Iere ls .

/ree/

@ f^,ut .oremeN/-
sltps (or sfuirs). rt Las 

4

be'{ween .t, //€re^f -Level s t^t;tlr"nttq waist -

wqisf

wcrisf

\ f o r m p  )

, 
(s*aiFgase)

ls;1e* suporteJ
&t L"t* e-rJs)-

d*p

landin3 stct

(sfand"el-bean)

QtsntS

.ear"
b€a,rrr

.(s*aircotse) ,,i*
tnrermedi qfe ShL
4 end stcL),



75

(He.e , s*ar case, u;fr tgZlo ft;fu ui//

( s*o;-cose w;tt+
lwo ead 

"h,L".)

Le -r/ud ;, J )

Qiqn o S*air Cases (at;ft s) or
ratryoe (u;lhout Sfu .-

-Thvrc 
are 

"l,ff€ft^l csdes . Here a sinp tifr.e,J m€*lo Jur i l f  be weJ.

r) n e i"d;nedr sJaircase rs as-st44q4 *z span h,
^ Tlte s/zireale is aJsurne/ -si* ̂ :. -,',,' ^''*. 

nori=wt"tU

"f 
cq;o//errre 

,o.'u^* 

thl"% tut'Po'l</ d po,A
Zera b e+r*,l;5 ̂ on,g.rrfs ) .

" :," iH;;:?' *;,* 
u* etis/a,,., Lelwee -t

i1 -rf fie hds are strnnh.t--,..- 
(aq u') ?

sf@n ts zv e rr,, ="r,i5*":mrffi: |:rlk:,

(s7an ! )



{i ) rf fie s.laircarc 4as la^J;oj s laL a* one or

is *aKert at m;CJ/e
qre /;x eal tb s4#

73

LotA en/s,

'f *hese

<-d g e,

fl,e ft;,Lf "/ bri.af/exure
slah oulen fh.erc .r laLs

betms .

I

I

s+;f/
edge bun

(aoq" !)

t -  (+2".0)  i
-'

" a'-p# suTporful
^ _ . r _ r
cu.c' t  42 '  ^a4

f u r A , f rs/ai- are s JcstTn enl a s
Lam ,,titT /taiza>1;fal yon .

Nates : -

I. 'Th e aea-l toverr €sTecia,tty aZr^€ st/f,oerjt-/- shsur/ Le
c-a/culaled ft, Tie wAokf;nd;aeo/ sh,yq-,re .T/tr.s seq_
r'udgl* incr,u,res rLe uuac/ qtl rze s*rps (rt, ft""
hori zon la-l sF*r, 

4\

2' 7Ze surfr:r, /nalr a.c u-.stt4/g /zorizazuf<l (an #eqls
of sfrF )

3' 7vc !'re laal is ueual/g 4;1/ (aLoup z) end
octs verfr'eol/x (*, ho-;z:.t.) ,7-,., 1 .'- ' '  

{ '-*o- , "frltt n-4,r (6>)t1bJ4 g>ct , ', 14. lb !t#r rJrs

4. 
// 

we ,i f4'e 'hha vJh^o!-. *!.-.-t ,i1.e **x)mqnt

oposifire berrnl,'^4 -rr>,re,u* is

1 *?.@' i,1( s t,,iu,F) lj( o)2r-;a, ,a
lL Gu*,Te/^)- t ; |L(  

t5 gi  q6 i ' r  J r . ; . .



v.r*,
ib 2!t4t

)a4

? 7

r'n7ar/'a"'t rlo/e oT? t€in/arte-ent ct*ori riog z- !r4t:z,a ?y.Iux-
-The s.lairqse w*r*4o, L;:ir.,rne n;,reI"_*,tnf fr"e
Lc*'y's mus* ,o* frlr*, frre bd o,zerouse fz,e sne//
Co>t*rle Cwer a* /Z"e bu.d ouitl sTettc//.

d ";Jri--:,it

srke/
ber

Ls+;*' !'oi ilt tpb. t-(uenr ; t'at--6 * :,! , ,j r-w 4 --t". o -;'r)tr ij''f' Jk 'd"a,.* f i o'.tt;gr,-f it( 
"!!:!-:!!t +, _rrr,_ !8. 2i

- 
: I yi'1"*t'''4'e a*'t 

"u)-t|;;"., r, yt1^.O' -ya4 **-+ a^i

sf:e/ Aer

\ft!;;17ry.
?. -,td5?dtt-

bar

\ct?-*&)'d,.o ,i 
"i ;',

:J' ,j y-W 4 
--t1- 

o -i.5!€P

% lleo.eh'etfi ned,aa fr_fr/ozrJs. Zn ^F i no_,a og srbe /

frm rSrren a<sf
r^  ,  '?v d ' t

is tt-rd.
!41 (-'t;2 :+ ) 'y i {uy n_4,Fyi ac; u ,fr;

ry^J .lr-t* t;,
sfee/ f,on

7he

olud

drrreC't del

&*"l,i,-.,;3-y4'e,w.ij:

ttq,in Strel



Fxo-ele t-

78

(des;Xn 
"/ sh:lrcos)

l  Soam

tui*th 
"f sh;rc4te b = L16 a,7 , @crc/e s+zengte f: = zfMG

atde utei6* , T. -- 24.r kA/_, 
) stee/ l;ell /;:;;;;^,.

T,hg l*^l o,? g xN/_z ( tto,izanteth ) : /;y: ,r": ,.0 kN/,nz
(hov;z-a"y1"79 ) , use or h-ke uois t ru,Wfra:E _ . ,i":;

*-.',*T .TT., 
- use f /6nz'n fr-H)5*..t & r/oaw,

Sot(h'cvr : _

E.rt rLe kf_! se/f,r.,ait6 nu-sf be q/a<lated.t*ftt" € €ach gr;V is 
_

. (  t . 26^q  2 ,162  =  2  . t ,'4? m 
F*

6/:/ se/f,ze,6)rf o/ *orsf 
G* I .,rJ

*,j =o.7"r * ,i,!'* ,),;1 h'*r, zi*e)r e\-,),,;4,
' r  (  2 ' ' / q?  +o ,g  +  a .q4?  +  *S  / r24 . f=  3 e . 7 7 7  x N



%hQ br; of sleps's

T+^! qJl;,^^+e l-.4

7?

( +  * o . t E a  x o . 3 m t  x t . t )

x 24.f ,v 1zP+z- skvs ata.

d s =

= lo ,  t  8? /<N

Tilinq |oad
C  r ^  ?d t  =  l , l  x ( 2 . t  + o . ! q 2 . , * " f , ) * o S

= f '82 t  KN f#'%z

frh! deal loay' s
wd =  w X + N s a u J g

=  52 .9  8 f  * /

NQ =' 
L::i':* 

o' s + atr+ 
t',*ro

Wu= , 'Uwd *1 .?w. !
=  t . 4  (  j 2 . q 6 f )  

+ t . 7 ( z q . ? )
=  t2+ .  66q kN

frl-! -Li,re /@/

TAc e/fe*r>e sf*, ts -! - 2.t + o.g + 2,t +g
= 5 ,z l  m

fh.e rn&v. fos i*ia, E . U. C4f cenf er ) | S 3 _
* =  * o . J  

=  ( t z q . r ' e ? ) + ( E . . t )
3 8

: 8+. /f2 /<^/ . w

7he e//aAre a?ft r's

2 2 f  -  2 o

l? 7 n?nz

/6

77442

M

c J =

,"uZd),.Fn4 F (b/%

f :  o .oo6V6



dert< llai s ,,uiflt . / )  1.4
J - t _ -

/ rn t4  fut u

8o

= o . o o 4 o g tt , 1
3.'lg

U S e  f = o , a o 6 7 / 6
fren

frs = o-tu67te zf tto-a + n+
= t +rr.q --Z

USE

Next
s laL

o . 8
T-74e

r 'S t

A d  / 6 + f rs=  t {o?  - -2  (o 'K . )
-=3

hsider /7t.e Camti/ever pa-t o/ rte .{*rd;nt r f .tc; <wtnl
, (

Pu=+
- 62'33fpp

conce*ald load (4I fn" eJXe a/s/e|)

Pa=  4 - -  
/ 21 - ' 6 -6?  -  62 .33 { *X2 z

se// *"',It ,X = o . zz{ )? t. to * "! )Fzq.{
- -  2 ,+26 RN

w e,gA* a/. lil;n1 wh: r . to *+ xo.qg

%'/a! al;th;h*eJ J€*J llwd Wd 
" 

wfl t Wt

=  2 . 8  9 7  K N
%/aJ ot;strbu*eot "!,;r,e Led

w.l = l. to *o.4 *F.o
= ).2 t<N

a,lal &[+'"-k ld d;rtibv]</ :
w*=  t .4q+17145

= 7,7+o lN



M*r- nVih'te B.tl. cql /ze /rx</ azd) ;s..

, {=  Pu. f ln  wu ' l
2

rqq Bll '  :u-fo 
": 

ur.A
- - ---f4t 

t . I t ,r-qw.u I 
-

x---z
62 .3? f  *  o .4  +

26- 4 8z KN,m

7-?./o * o ,4/
2

0t b"#-

/;a
% t ' 5

4s

ute

S/z*d. ne

4 = /? 7.n,

, "= d.  oo2o32

f < E,; 2 so we ,Z= Er,, a,oacfsff,

= o.o-a+ )? / /n t_ t?7 = 6Se "J r_Z
5 //6 -> As= taz6

einfire-"rofr , -

1/ t6 ̂ ^

8 6 t6on

3/6-,.

8/r6o,,,,

,r-r, Slf*f
8 /6n*

slep^n;tr 6at

"t-t

(/to'1 a- sr?',..Lrfs)



8z

o'ftfn

flro

(a-s*fi*7os
Szraa)

tu  tucrc* , "

Er s;lee I

n " f , s{airCaS€

shfl'L 
eem

,Jn ar-l s KeteJ'

t'Le sh)rcqAa,
s*ee/ reiafuce^e^f

J, I
fr7ffi a belte .

te = 2q.fkN/r?3

dtZ ,nm bars

7+:gg
b ea-

Waist
o ,2om

Des

f*

/t
f r l=

Su.fiar;g .0"^ol o.?2 rN/^L
d

L)ve le&/ i - 80 KX/oz

sh)r criotTL b = t. 2o,n

H;nf,: wcigV 
"f ,nmlrf 2f.9tto KN . weiXht 4 slrps

6 . rz?iN . sudaa\f /&d +.4/c kN.

o '3am

p-r . t--.f,*- 2.qr,-I- ,.e*)

accuraie/f T|"er
sh"ntn io lT"e

27.f p/pa

34f MPa

( horiznnlaQt ) '

Cl*?-41tog*7 ,
cJea'- c*"f 2d mrv

,

w4 =  36  .q33 /u \ / ,  W4 E 2?"  8+  tca t ,  Wu =  4 i .o  3crKN
sfan -0=4.om ,  lVu = 4 =4q. t t?,?N., r r ,
o l= t?7 - , n  ,  V=  o ,oa ( f c14  , 7 r=  q3? .6oe2 ,

U.9e . i f lZ ^-, > As - tot 8-* - E- -lo^1,a3 sla bs

t 4 u  = + 9 . , t ? * o . 8  +  4 x 2 t . h t o  x o . 8 2
= 46. f€l ,(/.nt p1 o".oo 42ff, As-= t?/'a

1

Use E//2,

Y rp,,
4ft2



8s
Co BBELS (oR BRH cK Ers)

n corbel ( o, brock&) is a veriL deep orrd short can!;tever
CarrXiag 'A;dn ! ,o, ,dt  .

(In indurhial build;nXs o,nd

w a,ehowerfz urry /a.ue//in6t
C rart e 8)

qt (ieU
{,;3t,)

PF"
CpLr.-rt

E=trJ

a  u h
( Cenlra/ beam o7r Corbets)

Behav;our of arLelt unJer
4;ll concirl-ateZ .looJs =

fre rtru-rr7 rrohrh'ans ate 4sd,

a is fLe -rA a, .lfa.n .

4 ,i lhe deTtt dt d.

4' it tt,e deptL ei /,ee d.
L ot;Jfh o/ ld e Arbel.

Corlsl

,Tf,\,

Jr

(usue$ -l'2 +1)

Th e fzp "f fre carbel
( fr- bh/r'r./ ) , Vze c,ratt
she..'g st*"ss" nt fr;t""t
Lecatzg *<4 n+&|tuo

is rtn/er lertsi/e -g/rysres
-ra:|'n, is ql.fa under -A;rl,
tlo d;y",ru-! Cm<Ks oazcv

,v€rh'Ca! cracl(s u/;ll retr.

rT



8 +
-Trve belhvfa.w. ;s -l;rce a simple lrztr.r (rtor.

five main fte-xua! sJeel (at /27 irt rensi*r)',r1{, 1J),-,
bar ' cartorr/e rt* hp */ The load la t7.e borh* e44/n(ar
fihe c"(rr*, witl ac* -!;xe o bar in anpr€rsia,t.

The @ 2 at lhe enl ,i usucp

(ap1n ximo+el7t ) .

yerlica,! ca.fcs)
g

7 =  o . to$

s/,in7s iU t^D
staliy.*i

)1o"

b esign 
"f 

ArLels t

tere lLe sAear -sf a,n (o) a'r-J fhe
load ( v) ar€ Tiren 

- fi lso fLe u.,id/1 (b) * as*atly

Xiven. F;nd f1'e depfh s -/, and -1' ,,ra el rr.ht-{
-ft*e 

/tacvn! sleel frs (fr, U*td;A) arut rhe.ghea-
n( A. s/ree,r. Horizan/*l -r#r.ups are

Utee -ler< beca.toe rhe ca&s ere verh'ca 0,

llerr a si,np/e -pfi.od f- a.rrjn .f
Corbe/ s is given .

t. s7eifl fr.,z de7//, I a,nd ihen 4'.ry 4= 4

l r ^  ; '-V--

P

'nce dures :



8 r

2. sTec;fu ft,e e//e&w Jrpfu U).fike +,z/zJ (ovoF
a Lcu-f 7f.am " T7 en

4= 1_?r

g. STea'fl. TLe -fune. qnn 7 oct .-
Z  = ' " t f  d

(uFfo, ima'"4)
4. Fnd /7"e ftexura! 5*e/ fls fu,n

nw,trefs 
"* ba r?b- o/ /4re ettol :

T Z = y .q  
) f l i l /a  f rs  =  ua

/ 4 2
,,ulene / = o.?o fr* t*l;^g

c),err -Al- >o."r/*bd ./ f7

ff This not cAec?d ,r7ten
ote*easc G/) + so(d) lv inceal,

n s . -al:\e(f 
Ule I

zMAle^ r?

5, En d the lor;zat/ol .sAur

t tse Y Vnft?'  , (+v J r  
^ - u -  T
1  P b d

C7tlt4l \- x-tec.
ttiaf. dtla

SAaLr,ae
t*t r. "

,eh #rceore^t ,4g

= o.St f,dr- sAe-.)

nt is /7'e a czLql u/t'^of" sAaring tires, in

flre canat:fe seclho'n Cqt or"l) .

frtso V = o.f4 (t- fol (/* 646),4

fr- tne sAa7 sruryril, "f 
concn*e (,, MPa) ' ,h?r?

& = #

,r4-E-:



fvt Mu =

oAeck n

-Tf, rhi s is
tv &c,are 4.

fr/+vr /7,4/ frAa
e =d2- lJ_n,  ,

P4/ TLe /torizsnif.l

$ a ,h- rzp.

,t/c & frhd 4

4 t

{ o - 2 o  +rt
no* cte*d ,fAen irTc&.te 4 + So d

/tori 762ri-o1P -tLear 52?e/

cl,r* * At

slirrups ng in Joy".s .f

6. Dnw fhe de/o;/s .f ftirr #.*r,"j\

Z-tegr*r-
A{

g- leg s *irm1s

2or 3 /16
( fl. srbrt;t,U)

r|p$-tyt+ ?/*l:f1J*u



8+

€raarale (ae:jr't 
{ GrLelr)'

D eriy rt e,t d s/atd, accurar'e/. 
^, 

n

8- fire &rbe/ sltoatn i'ztle;frJure

fir- cnzarcle fe = 2/'fMPa

slee/ *i" fra,rt*

s?i/g olro^

6lj ,-*

Tn'fY I 
a'/

,Fo. sfue/ fr = 34f r4Pq

( Us< Qt s nn La")

C t Ya.- Arv?r 7l--'-'

,rr'J tL o/ c"rl e/ B = 46nt a'-

S o I'uA'a, - 

Slea,r sfaa a =e2ou-

/ ,odal  V= d?oEN(u/h; te)

uf diu b = 4Lto tno'

DeVfu -l '?oo -' ( qf enJ)

ft = e?-feFa

A =J'/f

C-over 7{'-

t//e&Le aVi I J) = 7o'o-7f-

6.rJ: z) Flexm-.( rei,furort-f Ps

;') hLr;zrn-fo? sleat rci'2P*Cene't n4.

t C
z

Frs / fl, d nt - As-rr-r,r* e, lruss *rJVr/.

Then fh.e /ewr ar,>? Z i s estao?d

a . S :  Z = a . 8 l r - /
3o-7 fx  6 /7
- f2+' 4fo m-

O .
FS -ctrU*t , fire, A, = 

| a

P42

v=63o'ltl

Co r btl



f rs= G \ct * /o3rf 12o /7fJ- Ba o,o'
o.9o ,r 34f*5 221'4fo

4

# -

U.re ? $t6 -- Larr + frs= /8/o ''"'t

frs f,.
rteck ft

/  7f3.89o o . @ / / a C

88

tPY cfidt -)l

Ic 6l'';l

/ ?  =  o . , ' c ) 3 1 8 Eo . 6 4  +
,H

Thlrn 4un E

Nohce fl, 
"/ 

i / ,4s = / 7to -- 
t ''t u teol /h a'

4ao ,? 6/7

/ 8/o =  o . o 0 7 2 q 3  C " . K . )
Qto * 6/7

Next  #- l

The a c:Lue.t

Sech'cn is i

?

q/** o?e

UtJ =

S/reorin-o g /tesS
u

V

d L d
t

6 8c: -r(/F

n f7'e Acrctg

':+r. -qDtjr 
i\,Ut)l

| ; tH, U*:t (#)).

=  J . 2 q l  N / . - '

(ar Mpc)o .K f  ) f 40o^L6 t7

/he s,le*r sl>e"yzL ./ utnle

Mc = o-rq C r- ft) 
( r+ 6lE )

Le/  Uu =% ,  y ' )oe,  
,  3,  241 =

/ ] r ;s g)res,

e)^n-d<

/4 = o.o//q85-

o . f 4  ( t -  4 2 o  
\

2  ) (  6 /7 '

x ( , t+62/A) rG

fa
"e  { " '2

/*



8?

/y'€re

B,/-r  8= 
4s+A{.  

, fze,
b d

27..t-
o . 2 o *  

- "  
= o . o t f ? 4 2  ( a ' K - )

34r

o f A ^
4

=

3 lalers &- Pl :

2 o r 3 / / 6

U4- s,h)l;/,'

t
| 6oonn

_L

f l /=  E.LJ-  ns

a- o// qtf * 46a )( 6 t7 - t 8to

/ o 2 Q -  4 9 3  - - z

//.& o./(.

z fit6
C 2- teX fuo7s)
t'a /ryr ert

7 drc (te,k,
h 2 ryos)

t200 kN
(ulu,.r.le)

I ) s e  6 f / 6  + r y - t z o T - ' L

C)re*/< tn,{fr4

Use

Exanp/e : (design 
"/ arbels)

t^r;4h "f co, Le/ 4oon-,
fu c-rri,.</. f,e = zfMG
fus l te /  &=7G/VG,
uSe //g^," fr, L*rd;"1 ttte/.

ctz^^ /,,o she;ske/.
Cle *r Cover 7f.o-' ?

,4



7o
PL NSTrc H/N&ES lM BEN MS

Ytrt r> ( oR cBnc K) L.tNES /^/ st46s

The Cnrcpt "f G/la7se in Leamr:
l. Canst'/er a sr,-7tS t?f-te/ )arn ut/er tuifir,-,
"Ao"ul 7 (fr-,n,'t tryfn).

te! fhe b<e,rn J*r" a r<inft.rd
Gncrc/e -sedz^oy ( t* d) TtL e
ulli*ate ^o-er* is :

tva= 4ft?(ua.rr P &  \ ,  r Z
T ) b ' o t

ft
- 

Nont assupp fhe /cz4/ 3 4v incr€are 
Xnd,<atly .ftenary,a,um Le^/;rU -oor*rf Cql n,U_Tr) .lr-1,*

l  
'  - -  , '  ,K;"f e oui// be fr*ea ,'n 4e mrJ- 

Van arzd h.e
tun ur'// a//a7*, The ba,m oui// /" a ne6Jartcrrz

Tlt e co //a7se /6ad ?" is o Llaind #uo, ,

increccse. wren n; /oa^e/ 
2 n:.rf 7e cco//y, /od),

!:t7'?,*,,,/ -l ry :,,;';': e+^ee,a
Y T a

I:,"*n:.f' :*"r^r :I-o' Mu . n p/ash'"

={/a

7"_J', Mu oF,
8

a t  v . - ' q
u

? -!2



?l

2. CansiJer d bqm ut'fr 0

{,r"1 aa. Let ? (po a;f -/c"7ta) bethe laont.

f/ere r'4'e rt€?dh're b*zelLa, .  U  
U

tnone'* t i tV-:g_lf/Z
lAe f;sel &lrte paeh.r<
b e- /;o 

X nc>rtfr* is:

M+: I f "l 
,/trg 

)

D€ar flrP mrU -t7art . Let

lhe beaor hare a r?th Hoot
Cqrorr?je serj'ot, tttith Ma= d prt 0_ o f? g 

).bdz
at a// -se&'an-, , 

vtr 
rt

Lef 7 trtcrvas€r, rterz a p/asft6A,bge /'ri frr"*

SrneJ q.t lhe f,rU end ut/te,t tvu = /r+ 7.!2./8 .

The beo,n wi// no/ Co//a1Pse L,Lt ,'f wi// Lehave as a

s;rf # sfporfeal Larn 6- ,flrrfru- rhcrya.se in fr .

7h e Co//af sp /a"rd 
ft t 2" wi // oCczr tuAen a. S€conal

plailz? W hrgo ts fr,ned ai ., rl€ar
y'he ,nrV- sfan . Ha^t h 7*l /h,'s G/@se /6<4

7""34.\glyapJkTu V';r '
a -  t  t u c r r -  ' 4 r

|  +  A l
.L* r -h;$

e*trt r-; ?

q  l /  M L t -
T c ; :  7 N  |  .  4 = 7 "

e*r?pt 'y+(meAan;s ')3! !4 +_x /YYy
l"^o lA*-a;t

ffi"a



7z
f,sa,cme lhe secsnd p/as*^c h;nye it of disfia6, x

&* fi"e f|*eol *ro/. fr/sa lo*1.-" (or io ft.+l ftLe
shearr'a2 fro" u= ts at Thc secortd ( ov ir*erior)h;rge .
Use theu f*, L"", Jr*fl^^ 

"/ 
lt e kff 

/oorh,qr-t, :

TVrre are lwoae/hols h ,€al fl",

ey e7uil;briun ,*ake noms,^h o/o,rf tTe

f,'xd €nd t

l v u  + M u - 7 " .  x . . , - {  = .

Thus a
l-c -

4Mu
,' In

el
xz

Note :
€

x on / e #,*r/ exac*/l L;
"f ,,Xt{_siau po,;;?

4 l h  '  
- u -ru,

3. P beao, frx.a *_t"*l e_dr

f,stu-e Mu tnslwt* S, atl
cnts sPc*ons. frt a/k7so (7=q),

t'trree 7/a4? trhges "n fi*e.'

t, ,
I

t) The melhod

2) 7he m€fhol

4d
{ "7u;t;briu- 

. { 
-n =',)

".1t 'r;rA 
q./ w or/( . 

'-

? = 1 .

\
)

4l=o
= lvf*

t
Mu

7"=

th;, &s e -oy = T

Co //a7s e,/?t ttA :

4Mu /6Ma_ _ _ : _

(y" )' 12

h-k;nX lAe egu;f;bnu*

7".H-x) ry=o
/ (fr, w;t te"gfn)

ld
M;gt



Ey eguihln'un f

Th;s g ives

lvu

q
f r -

Mu

1s

+d18
@t9

+ M u -

16 t4u

,!^

q . - l  . - l
7 c 2 4

: o

M:

t
4+o

l ' "  i"
Fxa?a/e (plash.c h,bges ,,rt Rc . beo_s 

)
P bQazt ./ c/a- fa,n 7-6* is conne*d h ca/unn s

dt Lafr en/r- Tre se&bn,r and ,vio fi,@,?urls crK
shtatn )n lh e filure :

+ lzz
GJJ)

.t dr?
(  L t9

alCz ( adl )

frr ,st?e/ fy = 3lo tVfo

a/acl^te //"e +v+a.! O//aVse /o q_e/
irTo.sa/ 6 tla/se loal .g,r. ?

l/ia t : Ertf ca/ arj*te fZ e ul/,a o,l_o
ar 'J  Mus) of te4tr - ,  1_r  ,2_Z

! 6t8 <s

fl- + Fhen fr,e

otome,rrJ-s CMut,Muz
a r r d  g - 3 .

s d-hl, b-g.i gi r bi L



g es:ume cL b€cA'an.trrr) 
"/ 

e/laVse:

,  M r z
. { ps;t*0,,5

7zl

l,,iy,*6oy,.

(ftig,"-l

?.6-x

Ttren u-te egu;/;bnhn (o. wrAta/
tl.e y'w" WKrtautns ( X 4_ Z").

( ostu-" the .rlear,;zg frn"
Zero)  .

work ) k calcralqfe

?n ilt t:J : y + t.,d,nt:,*-j
lo.rJA. : r'.,. jdl ji;fi

,'qy'enbr h;n6te (2 ) ;sV ?/t

Mut

(

M"t ?-e-x

,rf
( nqaA.rre) 

,:.

2"
tu

.IJ



qr

The Coneept of  Y; " tJ  t ;ne,  io  SLqbs

Assurefrssure t'he /ot/ f (p". w,'* oreq) on TVe .-;/oL ,hoe,
vn a'w rv 'Th e pos ih re bene/;T morre-rf, (& ,.n*eriar
regions ) errd nVa/trre L€ra/|,,f ,noore4t, Cq* edTer ) ut;tl
also irtcrcare gralua/y_

*ac-l(s urti I I oPf eo, ,ilren f7 e -*r*r.f, tu*, flre
aPf h'eJ /sools bao,e qtar! +a fu. ul#orale rnatrl

t- - , , 

r to t4e ul-*+zate n@s ./
7fte saJuns. The slal uuill rtot Ca//afse arrJ en hke uotz

arrd ,nore /oaa/ s NeqJ S €c*?tns *, 
Lty4ch tLeir u//-;*-/\m(neals a4/ the @<, ottitl ,r#,

_v. ,.r4LZ (ryt*1l a// eraKs ot/f ll joinbguTrer d,rld frte sla.L wi// A//a7se )n-/ra pfec"s.

Here 
4 s/a/e uitL

considerccl , freYt€-e Mu ,,s

itobupi" rei: furr*,erf ,,s

)n fL.e /ay d,.ecj}n s

fue s-rn. io the ,s/>o-f ezo/
,/ q,re4tans d h fr.r* ,b e// d,,.e&,"rws (l;p.-Xgd^ sfrihL : 

Fessu"e ) ,

Mu
Mu (ne1 wi/,
. t*//r )(P".,a;i

rr?CttafeS

e
i--

n-1t ne PA cess u)i tt ba/;*2 u4!+'l

rfte acl
--

lryf,)

(pe, mi* laz7fe )
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l.'fhe ,e;nforcp-^t is ,'sob/oi. . tVu is fue .earn fo q// direc/t'ons,

A. The yietd -lineg org sfra,6tf (in rccla,,.rgula, ar.d prglon<l

sla bs) ,

g ' 'sAa,h7 firces ar? 2s70 0/ ;n*"r,b. y ierJ .0;n"s ,o

4. -f4.ler;ar y;elJ "!,;nes at fhe /n" edges (o. otlre_ edTes)
aI riXM anglet .

A  . t

HssumP'fldrs::.,

5' ulunate monufs Flu (Terunit !yf/r).are ,ru/+p,ed ntr

!:1*!" ! ^:.to:, 
r"he rbla! qti,4r'e mom*tts ..Thes<de vec:b.s (.!;u e forr"s ) .

ftrn figurrt nutnen* on

E - /4u,  A r j4t
,nornornf r-, E - C pt, . F S:" 

"=  / V u ,  , F

= M4 .#'' 
c's€)

mo>assf sry7 E : @u. E S.s,h O
= lUu . (E . s,rz€)

_

Cpe, ui t
-{engh )

. ,,"r?1, 
Here

No tet
-

is utd fr- ?bhr-o -on crtts
Cos ve&rs) . ZraQratf,

,ut:o 
rr/ al" brte.s o f sloL, , ft e yiell _0;n es ut i tllr*ve E.*r&r . -Ta s;npr,/Z ca)aa/a,h,oy7s, ll,ese bra,u&sar€ n7/e*d.

ht- 4anJ ,u/e
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Co //apt e rrt€cAtan is rn is

piece of -s/aL ctrt ato*, a-r o free L

#v"a tuyls .

ExomVle (cotlapse of R,C. ,glabs

t. n s7c{1.e slaL o/ e/a- far?s 4,g n *4,gm is s;.zzp$L
suppaifeJ ovpr fhe edge-r. 7he slaL is rcinftrea/ t/
Qlo -*, Oz*-.n in bo/7, 4,)ezttbns 4e &ver is 2G*r.

7,es/ol fh;.knesr ;s t2f,a.n. fu corzcrefe fi = 2t.?MFa -

tu.stue/ t:r;(X'
U/crr/^/e fre ,bfreJ &//af.re /aad ? r#rCA)j+ f

so/,Abn; -

Due h s(mm+ irt Latz ./;,*chizrzr 
" 

fLe y;e/J
(or ua-cKs)-,!,hes Jr. oliaSort*.0 . 7Ve s/al ui// cra-ck ,q,{a
4 7r.<! Piec.r. ftke dn€ p|eee d47/ /et F"(f".ut'/drca) be *e a //apse fu ad M4 ne uL;_a/e no,te.f

"f 
, secr+by, ,n sr/e /h e .rlal (_ oT ./,rec/,_-, Jqe ?bi so /rapy ) .



clg

a =1.t

edge :- , ,
f'fr?r

ct' T = o

lt.8m

( Y;eH .!;nefatfern )

o,ab39 la tt L7f 
"- ) *

2t.7
(rot:o *toez) .

= /.334 - o. /2{ zt 24.!-
= 4 .77z  d / r - z

_? 
otd &//ayse laay',,

<,iU !74o;)t +
qltsg. giyr s +y

| 7)Nt u,VJnyt r

= f. 4q/ /rN. *,/-

Sals/t'r+a/r" , fTut 
fl" = 24 ,(?,4t// = 7.E34 /{tu/"2

+.3 2

A

r6
I

frke *a>n*r*s aLaq-t t/1e
1jJ Ii-"t -- 

1 
2d-r' a'r- ?M u . a  -  /  ( + " . + )

Then V" : -W
q 2

f f iJ  Muz A" = 3?3,n,-/.n ,. f= 
3?? : o.@ S?3o

ta'zr? */dD(/'e ; * : :,r ::_:ff ,t :: **

Ir-



2. slap/ sup7,rfd'

fr rec/ettgu/ar slaL utiti isa r?apic rvin fo.ce-*r/ -4o,
sfans onol eJges as .shourrl irt fu" fr,u.e.7Ve ,ah+orq/e

Vosih'rc mn r*t/ is €. Z+ o KN. n/- (insiJe /l"e s lcl )
and l1e qJf'^"te nga-h"e mot ren* i s t.Lf x 6.24o
= 7. 3o KN. - /m (at /t, e /,Xd dte ) . ft- 72e y;d{

Talerrt 
,s,hrzun /tere ,h, /n J ft€-eollaf se -l*ol .

S ohthcn:

alre,re o(N 2MKn67unf (X +7") 'Tt"to
e7ua,h'arS ere neeJed.

Ta,Ae Tiece @'
\ \

{-
Ma

qcl

j.6nr

6.240 =
,+Y'-h

M x r.o -Z-It+ $-x)x3'6

r J - x *  x  I

@ :

rutl*?"2
*7-2  *  (5-x)

#l*k'Gx)"#I
= o

t-ti = 7.to

frle
. +

M u *
q
h c

piece

7-z +
. I J

I 2

. &

1,,-w'
Li'4frr=rn:h

# i,@,

l+ S'o* ,+

@
r

B1x  - r y |  =u
5 J -

k/V'



satus O * @

f r , =  - - - ' l n

7"= ---  frr / /^z

CAec, f  o lx  (  f 'o

3. ftere Mi = /-2o Muf,

8. = /2'{ K.Q'nz (7iren)

/t  = 27.€ lvfa

& : 3+{Y7Fo
7 = /?fn^ ("r/al /hr'c,!'tzss)

Fan

/ffi

fu e4ge

Slazort:

a;!;!'re

Poti{iry
t4t.

"f;xeJedge

C/e"r Ctl€r 2{mn, (- A"/1, drrecltnt )

U fe ftZ nn ske/ Lart .

,fr, d 17e Va,ah7 ?

Noft: 74,? /t an exanT/e "/ 4es,grt of s/"Ls L#
y ie/ d -0n er'', 

ru,e Jh 
"') cr*rir.t,avtt ;+r'Jb

So lrt-lion :-

71e fe;lJ -he (or uacr -2ae) paltn is

7Aerc are efua/7i€(ef -frte onefrece,

/v; * g.o +r4,1 *4-1"x(!*F.o

*  # ' * { *4?  )=o
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-fryr*&*-& ,q -

-{zrr-=.-firu, qe .+- --*-+

-- t agll! a#|rrrggt{dri, a, +r,'n +



+-,e, la-rsrs-- )n y'|e-

:7-E--"-H;€

_ Anfor- fcce 
^ t

r€-3*-- - - - - - - -  -  A

a,z,  uq '4 '

.77ia * r^ Zt4fuaas <fu,g,':pa:.
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t.
-g--Au-c"det

Seq*bn-Sfloraar d6 ln o t t'S -A-Gal
t

,F =-%,t& €qro'tn etl --
-/as:*t} ^ ft e 

"aa 
rl" se rv* e /a d le--J!'-lW--

a

?r, * /o|*N -+tk---

-_Ake-@Usp / ro=-Mftro,

lt g e-/r42? r<'{/'* .-------_l
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____!
I



l a \

L--
I
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z
&N.q-

-Mf-+(WT

( F,xeJ eie S
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(pe:*ad-C@rgfu

4 -za4-arnaf---+ae- -Ja-+*g*d-n+ rfue-? --

-$/wryA,- nf -r y c*vtne- J4-*-@
/t-*-+ztW+-

s- Vfa ttN ' -
----fu-=---631-*il-

Pl = Tfzrat

r .  ! =  t 2 , l ? ' a  I



-  t 3 6  - -

=t-

7{z* ti*t3 2
zl, ? ?,* lo ?

--?rrxffi
/ / t *bI  4.?ep167

. -  t ^ , 6 6 q M F q  ( r  t , o )  - -

-@, e.*"-tyrl--

-=-l*.2trM&- (+ )
-f-ft-<-a-agf<i,ery+-

SlatA_a'k-

--, i - -a'L?2 -41'fi4it li 
)Gtf -----l

+-!g* td I

A/- +" r= ftr".--



--ts+--

-Af-Jota;--

=  *12 .

-*-- i- *!* 63f M/?a CQa?y-

{n *trT-- asr *t"rel? ,^ 4t,{Vtt*----= - "

-- -- 4 3*181 Mft

s*ltP-A%" t3z 6
4?.f?cl* lo

t lL t  *h , 4'??# to +,?e*la?

t t4*to3 4,'lg * to ? i?ry:lJ
joj'

Q,E,G lr4!
n 7.T

-**- - lzb ( Se'vic r lc",A 's 
r

= -lo '6cl kN/

- . , + -  S . ! : *  b rq : c
E 8 tar/.,*,



- tst _

Q , E Mt

t?-* -3
639 ,* to- 63r- # ttr+/32

___= _ !Z- 98( t4Po (C,*rt )

f t ,e

-ss?;it-u?*&
1.?7* la

i?s.s", -f
4.?l* h?

*-=-------r#!e9--

I
l

------"1



- ?,iJ

* lz--6o1-

SrofN



Szr*r"'hLet

#aa

,Q, E

-/$r---

att-/-- /or* +-+-o-S-f - +fr' / tqs. --

eprv,'ce lanJs -@rL-Ae-- Ca/calal*l -

--l
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(cal orrlah'-' '/ s"rrr'.. ,na>rr"rr.t)'-

r4 l

F.
F

Jofa'..

, Jof,'an

Sel/ uctT U

Qncryfs sfiayti
E//. pelf*t.
Fccafrr'c,r/

U/c'tQ.*ed /1e

6J.  2 .67 k4* ,

/: = 42Hpa

P, = 637kar
g = l l2o-

ado/e-t 5u vice

fi :  / /  4 t+ lo3--"

2n4 ^orrrut/ -rf *eo
-T--  1,?? # /o?  ̂ .u

,

)

/crze/.

so l,,tli an : U-fe, ( /* ?bf Ern) ,

-o.orE-u.n)." Msn  r  
- ' - t - 7 , c ,

- o . q f ) ? c q z ) = - 6 3 1  t + t o 3 * e g q * r 4 + B z - ? 0 1 - ,  M c  .
i l1)rr6.- 

-q.m'ro) - 
f f i*7of

sclvP, -lg.? = -i l6o!-+!?t-it-_ 6t.tz ,r6r-,

Ms = t 8'9 - f'€of+f,trs* * /o? = Jo l. t€s- x /o6 ,v
6 . . . / 2  

! ' v " O s t r  t / o  - , . 4 V

= 3o/. 86{ ,(N.,-,

fr/ Lorf-n fr* , L/re ,

3
637* to

+o. r , f f= -F - - (E 'e ) "  rV5' T -  
n  

' \ 2 4  
T ' c z

?

63? +'tt *t3L Ms
tW-

A  =  t 2 . t ? -

t-

o . f  { 4 2  =
4.V ?q */oY 4.?9?xrcl

*3d.f
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Solv€,

Ms= 3.21ct *f.6of751tt3-

6 t . t 2  a 1 f , 7
= 22q, dii+ u6 fl"tntrt

12q -o5B /o{. ot

Use Ms = 22?. o.f{/<rt/.n,

TAe seFwbe /oa./

fur).Q'
8 J

,s o ly'eiod 
/ra_, ,

zz?,ofg =
( z. sT+ yaarafut ,i,

M,

%aa 
";

= ry rtr/m
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CSacking tnrft,?rzt lh lzrcslte*eJ
bnde bea,ns

fr, o S,;"p/ .ruTcy2orte/ Leorn , L/r? f|e r?an,/e _rhe-rs
qt loh,n' f"r";

_ (  =_  Pe  _  (Pe .e )
f 2 s e - -  

i  - T  
" c z +

TIe btcde se&.an 6 Llncrac"Kd - Thervfrr" /r// (or\r"ss)
ar4a n g 2n/ -orra,,lp of, *.a f are useaf . But ,./ /Ze ftiads

irtctease a Lo,r e tA e f ervr'Ce /oao/S ., /A 
" 

Sec-h'on tui// Cra ck .fre
serj'ort ur itl cm cK when /r.ru 

> f_

when /. ts he maohfn4 ,f .rprfurt frCf _Ca/"g ives ,  ^  t-  
N- = o.7q cn L/Fo)

fura srt-sr1'htle ! _ ' ' ?  E = -  & - ( P a . e_ T _ # , c z + ? q

Sa fr" c,mcKty/ ,.zoore-n-* Mc- i_r Cu/c,Jq/ed .

Ne h? e M"- 
) -,
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Exa,arc /e t 7

fl: i lI * /ot.-"
I = 1'? ?^' /o?rr-?

ft , 6.9? KtV (fnrl,esseal fi-n C.// ))
se // aryat 

\= 2.67 K,(/,n
Ecceeuf rtct, y €= tJ/vro,

cr=c2= A/^ = jofor,n,

calcalq/e fie qek;ngna>-r# (Mr,) gfhe add<"/lorrJ ? a

M"' 
) -, + 2. ;./oteol(!;re *dear) /on/ *o

CaUse C:aA< i7 ?

C, =Jof

C2:lofa

sohlh'crr.: -

Use.

/,* I /,a"t f,,
i =o '7 "7

=o .7  @ =  4 - * (MA

4.fi6 = - 6gg+to3 63i *to3x t32

//1t( tos

Th)s giv€s , Mr, = 2Uo.

*3of+4*jof
1.??no

26{ KN,
/ ,<N.rn

f r ' - !^
T

4,77 gt lo l

=  l 2 . l 1 n r '

Er tle *r* syVo.teJ Aearn, oce Mcn=



77zus

/+f

8 r  z&.26fcl
Fr  

-
(  tz.  ,  g) ' ) So 

Zr= 13.4?+ XN/-

77 e gnseJ -L"oJ ?b

7  =7 ,  -w
d

= /3 .47+ -  2 ,6To
=lo-8o+ KN/_

CUIAR cra.c*, ,"7

l t
mome,rvf in 4uge/ @ete Sectorts:_

7/t e
pes/trs.e-/ cnnctr*e Aos i crqcks , L

!  i ; : :  i : 'serv ic 
e -  o>nd'"  f f i ; cra.cKS'! tn*,T n*rq . wlert fhe ser|io, i s crac*eor , ft e'::y' *.'',-'or hke tuns;le s/tesres. nrt funsi/esrfusses ), fre catrryle will flo k 

", 
,*r*?r,r) *",

::;X;:: 
Lehaue exac*ty J,Ku an ord,na.r r<inf_

n+ 4*>zay'e nuna,,t fue orurcte w,i/l ?*
rnake a' reclz*^,nlot bhck .f @vn srire .sftrses:(efb!
l" o .*rfi' 1 b 4ept, a= o,gfc , utle,v c ,:srt" oleprfi
"f 

fre oa,c*^0 ry;s. ne.s*ee/ irt r?n.r,o>z utitl hav? h.;Xl
s/resses ( rTedr h rhe uj/r'^nf" s/rtngfh /r).Re,u.i-
tl e Vrcsfrcsr;y has /)o a Lvious y;elJ -r*wsr ( no /y

in lh is s/ee/ ) .



For etp7n|irnqy'e *rr"l,jsis rfh"

^orrut is toKen o,?o /u

{

fre. fp,

S/tpss(,5 in P S. C .
(sefiion ql dh*-te

rTrarn *rt )

has q,f ulh,,rafe , cons)der
* 4. = e//ecA've otefft ) , n+

C = T

o,8if5 Lo = 4frFr"

fu,'s girer,

t 4 6

sfis5s: )n stee/ .t u-lh^te

Aus/urinl' sleel u

o.?o/ra (eI ul+.
< na,ra*)o.gf/. L.&

I blot11
J

fr^

( 6= w;Jttr

'\-* 
- -/'-, 

(tuPlug
A \
I ordina^a ,J,;A-,-.

1i;'fr*;,

s*ain

( st'rcsr- slrain rclql;o,
f-, -l;gt, funsile sleel )

a = -4Pt fet

@=t . t \ { f  #

a re*attgtilon seJ_rbn

u/lr;"o1t-" nanrea/s 
,

(s/ee/ tu];. )

t d

ell etv e=4/Lr
Th e u,/ha e-f e -orn crt ,' S ,

t ra /a= T Col_+)
= Ar,.h ,(; _ 4trf "s
= /tt. fv, ( r - o. rt /-*: ).d

= ./fr" (,- o trr{itdz

".8#(



t + 7

rtse a ,eduz,lr'on f".l.r- t '  =o'7c:  ,  f ten 2

tVn = o .9o P/ re  ( r -  o . t?  / .  *  )  L .o t^
f,-

7l;s is exaof ly fTe rt.-r/o fr- orJ,ha./ rcinf,-ce4

sefi'o-z t,/.f fO" is u:d in place 1f t

wrile u) = f 4'/f: ., fhtn

M u =  o , 7  a t " / €  ( t - o " f ? c z ) . L d L

o F

M u =  ?
,= e4 (t- o,f?at)

" 
.7 fi adz

ft = c-4t ( t- o. f? ut)

rb l/" -/ R > a) ca,n Le ttteol ,

or

nr/2



6xanpte a 16T

/,

Un Cru-f c

s fee /

f: = 36M/o."-

fi = i6,cr, MPa

fpr= o. ts-/,

S a h,r-#i c, .'

f -J Ma, ?

*  M u =

p

o,?o f /r, ( r- o.f?,/ 
f 

) LJ" 
L=4or_a

t-r

frf" =
b J

llozt

4n x 6ns

= --fu
/ 

"/:

USin q
/

l t-Y< Note ,

ttere f =

=  o t o ? 1 f t 3

.rulsh'htt ;

Mt = a,9a* o,oo 4f  {3 *  (o ' t f * /6az)

x ( /- o'f ? )e a'cnt 4rg 3 x 
o 'tl: rcn S

,+ zlco +6* 
3(

= ?zf. 2 66 ,+ /a6 N'tnm

= }z f .  266 KN' *

/)
{ ->cD ;  o . )

4"s gites R= o, tff4

Den Mr= o. /SfT *o,?a( 36x eaz + 6ad\
= 72f,o34*/o6 n)td, .<

= T2f. o 34 Kn&l

atloarnS

= O, oD elf83 * 
o' ts-* l6co

3 6
z  o . t73 t

t r+8
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t?e,hf"rced Grtc,rrte TanK s

-Ty p es of TortKg-

f .  Cira i lar  fan/(s.

2. reclaal ul a, |art Ks .

3 . sTnttre *on/G ,
4. 

"pA"r,'q.-0 /"cnks .
5' 

P"bgon*Q +ortks.

Thnks nq Ae of 
"n or Cav€ral on fop . *rJ -yd

reshnS ctrl xown/ , ilnalerxrvwnd or *y be e)eva/ed orrps.
va'r ious ty7"t of wofe, kanKs , ,,t;fr d;f/erat jnrf carrJi#cvrr

(.ranrt, ,r, gravnd )
I F h; d fuK ,pu,,fi.ro/rA or rcltlr'ne )

( swr'--r,y

Glettelel lanp )
-Toar#  -

*ook )
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l. ferlmi srr' b/ e s /wsre s jrt cart cryte
(Fo- 'vsi'slartre ef crack;v) -dur +? benJ;y 1sA€a,r

2 . perni-r5,'//g aftts.re s in S*ee I

,'. . uAen gfve/ qrrJ cancry/e are
as.ru-el tb ael aid frr cltettkrV fhe *nt'/e slrvss

r'n otrrc'y;/e fu aro)a,lance of crac*,v , fhe funsi/e s/tvsses
irt tte/ 0{;// be /rni*eJ b/ fre tzTu;.emeaf rhat lTreperm i-ss''//. /eni/e slrcsr jn f,e ca?.rcje/? is naf €xeeeJedso /ha/ hns.'/e sfuss )n,s*ee/ sha// be e*r_! ;;;;:;;of ,odala-^lio of stee/ c-rd uzcryfe 

.,*td ;:::,::^:
atlowaA/e funsi/e srlvss h corz..e/e, 

"u - t a'nd lle carrespon/;y

ii . Fc,r Srleneflz calule*'a-zs . Zn sfuns/h. -  u ______ --. .  rrr>rrenVTh ca/a.r lahLyzs
p,arnisdL/e sftsr5r, ia s/ee/ rv;nfi-ccortuf sholt be

" iertsr,am : /o-vok; /C_ z
b. ftrtri/e S/*rs th m*ztle7g. i, tenlAn

or, ftre o*U rt-, /,,7u/d &- _h*ers-rn:!r-"
- ctn rtr" an 

' 

, t -n 

tcsJ 14412 ZZfn"'tfuicr

fir;ck.z"rr' 
h- l;7uid fu -*Lt'r 2zf,a,.t-nn2"

7 h e

4.f ?

c " Gos, /e *7ysr ;n s)le-- rv,\ e 

-l2fo kL/c.ru

,7 ;;;z;,, 
' 
;" 11"" 

n'n4-.u-,*
- s /e-rv f,rtu L2J3.a., /a lh,,apn4rr"f r -  :nht  l r r  225-ot- t  tu aozuz th furc,(a(-r f  

- ' , :  k , /c- .

J . co>o ̂4,tzt /r" s fusy ,h ao./r.^ , 

'' ' -' - lzfo /J /ero L

- tzCo kJlr_z



Aoi,*s in wa*e-TanKs :
r 5 l

5";nts 1z be ?. vidd in at"*er ta.nKs

me^J b e "/ rg/L-,at h,ee Q7e: ,o r "' a 
t. Maueneaf J.oi.?r*s ,

A . hs *n4cj7\h? /oia.iS a_"d .

fhe mayp-ey,t

ioin*s.

3 . Gmfora/ 
Jo;n*s.

t- @ . I,trZ;s j";4j rJo,hve ,uve.nds bezfueen
fr,e -s'Jts oif 77e ,foiaf are tn&czle pa-sdb/e . SVe.iJ *olt ,n-0,

aN I'lseJ ?e maia*o;o a/a/e- - Lyr',H.f
r ( - , ,  oJ'Xhfne-rr . n lt

Jo,
tai.tts Conre &tzolcr fi n Ca/ejo\ 

"/ ftr*,,b /,

)nh f}e ltrce +Uf o:"ve 
"zht i";nfs ry L" rfrr,r?,erclriss;fr.r1

./ . btra clz'ort j.;nt ,

i;. Exgansfo>, j.;4t a4d .
ir'i - .s ti4;n6 jo|"fr.

? "t;gn _"f C\rct-lccr T6nKs .

6, Je siX rt purf6 te ,Ciraa!*-
hnk '7 le eliridel info fie fltto-;rf h+o d"lories:

| , C,:rca/ar /ork ratit'h f /eri b /e wate 
P ' '">

, - *f lt sl;Jiy 4afnt'
bctueea ,€t-zr ao>/ vt-.r+ G4-( wo/l . gei^r^reo of 

-rliJins

f le*; Lt" |L;nt , faltk wa ll is free ?, erpornd er
corzlracJ inJepen/e,*r/ of fr, fAr slaL.

2, circa.lar /Lan/( u,'t/z rig/d I"i*{ belweert /tozr *rtd
(.ilq// In ft)s cd2e. u)alt and f tr., a,r? ctA! flo.no t;th; -

,ol\ , Irt tlti s (i4s walls ar€ fto'f fn" +v (pand *

ctr*ra * ,
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FlexiLle s l idfn<

@o
fi.gi{ j";{
( f  ixed)

C;r*/o, hnk wifh f lexible ^f'ai*t Lelween ,pton,-
s IaL a'nd tte ua ll t - 

r, fh)s cazr t c{ tin d.; ca-Q. d cr,tr .f

tlte fank is suLleotej .la phe lznrian 
* 

a,tul fterc

ai/t A e fio ben/,7 s/rcsser , Ttre wo ll i, des;gn d ?b

rhr, uF y'tnsile sltesres lerelo7ed nfue ua// dr,u lv hJd-
rzsfuh'. pt€tsurt "/ *te. , f,ltcJ infhe hnr. since

hg"trasht'c 
fr?-rsure varles ,h* 2erv of fire fa7 of fhe

oua// /v tr@t'lmu,rt ,/ fre ,/'arc.*,*., 7o;n* ur*ti /ha /la,_slqA , fr. 
,qmd af rein/o-.r*ea.,f ct,i/t 4/so ,ord f^_,Zera *h, ./ fle wa// ?b ,zoz/,nuo, at fte boltar-t .

#at*rv rnini,aaTrv amctnt of sleel is q,rso pnvrdeJ
a,y' fi" hf ./ f,e oq// . Main ,urS-.em arf is in #- . f
cirattar rin3s, Xerterall6 FrcviJed of fie mid"lle fhiettesr

"f fie Ver r|'cq,/t wa// . p i-rtri buli"vt sfeel is fravi Jed in

frrr, "f vprh'ca-Q bors *ourl;ry the main rc;nsrcern€-rf
r,'ngs . n sftJi"y f lexibte 

,!",i 
haviryeffejrve ,ater_fylfret

is pnv;Jed a,l fhe /u*h'"n po;,1,f "-7n, wall +fre b^z-.

( M.,V '  P= ? )
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Desbn S*eps :

r. Lef D Le tte dianele,- of fire tarK a,nd p is fhe
harizorfJ Aydasful-ic prc,sure dae ha ur}r. f,.ileJ
in lle fank.

2' calalay'e 
v of Jhe bofltu .f he wail e.s fo llo_, ,

ry ' *1e'e H is t*e deefr .f woy'e- frxeJ in fte
hnk.

3, Ca/cz/a/e rZe ,n*yrrttttyt Aoof hnsio., tzl per -g!z-
hXtr "f //u wa// ar fi/too",

*Hb
2

4'nteg*eU *ers,'on rysl:sr+n(e 
"f #e &ncryfe old -t/o/ea

"f 
f,, hnsion /e,-S a,ffatn€J zbKe,a LA A*p shel 

%,
Ca/arlte /Ae ar€a 

"/ /-p sfu/ os fi /to * s. pe.-,rs,,A/e
r?nsi/e slrc-rr in .rfre/ ,s- ware- datn,S shqthte s i-r
*akert as /a-za k6 /c*2. 

T_

3 = 6

\v
,V'\

I

/

8t

\

B
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Thisara o/ shet n7 Le pnvideot ol fhe ce,r/*"f t6re woy ;f

ilt,ctrnerr .x/ /7e utall is g. fn cale cual/ fhict,tess is

mtn fltan 2z.f co, , sleel .% Le pnvideJ an ecA &ru kee_
p)nq a rnirT;ftru'n cov€r -f 2r-*, 77e c/, sva.cinT .f n,
, r

sfue/ haps s/rou/J nay' Le mar€ fran 3 {ines fhe thicknesr
'f fie wq//"

5' Thouxl fhe ,einfur"*urf ha-r Leert pnrided rvtote he
ealite h*p r?ns"o>zt rt this does no t m€a, r70! concryfeJ oes nof

/,.s/ *r:; ;r".:; :ril":;: s/,esre5 q.s
Lond L*fween 's/ee/ 1 ut6e , are **rsferr:"{'#"fl,
rinjs. Herrce flzrbKnesr o/ he q)a//. shSutJ Le 

.-so .a-Jopr?dihat f7e hn.r,k sr?ess devehprn-J';, nz-rar';i*^o ^iro )fcartcrele do$ nalL exeeed fire q!*i^ate t?nsile **;;,Arzcrete ,
f i en ,  ( , * x t  + (m_ t )  f r t e *=T  )

wAerr t: fr,b,(nest o/,^tq11 irt Cm .
c{ = til-/rmate hrs,,/e g;rtp.g: in &nctute wl;ch is

norna// *oken rzK6/cm2 
,€_ ry"; co>zc,pte.

frt = dre: "f, sfee/ per no*e, AerTht ,g i, aqtlin 71.- "f ";n7s , 
(

fric(7775't ,f rhe ?/hd"-;c*-/ ata/l @t Le F,yed
LSt rt/o-;^, enpirica! fr._u/o a-lso ;

t =  3 H + 5

|  . twhere H is

mgfe-s + f

fhe deprh .r? fte /;7u;J inthe *a,nK in
t'ie fiie,(ne-t uf wall in een/;r&rr,



fis o' A, t Area of steel rcsi sf
h*ptension p€r ntcr
lert7fh .f the wo,ll .

f,, , An"*",Ute *ensile slter
in s*ee | .

aq//,'ceaf Thlcl<ne,55 of cancrcte i s lnvi J<J h ,tsisf

fh;s feosirn agains f crqcJ<,"& O sfeel pnviJed fr. nore s/ttg,th .

T'
I

fs
ft s = R+=

t5{

capac;/

9" f,e

E^ '- DesiTn a circulqr wo.ter ./Lo,K 
6. a stbra.ge

"f Fooooo l, lers.Tl€,1,oint }elueert s)de walls
base slaL t't fkx,ble s.l;Jiy AFu.

sowon: volan,e 
"f *oor = 

# 
= j,vmg

Lel of waf". in fi, e /qok Le g.{-,
Ftaar u€a "f ilr€ hnK = 

+ 
= /12.gf,? *,2

,  ,  
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