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This concrete girder
rests on the ledge that
is assumed to act as
a smooth contacting
surface. (5)

The cable exerts a force on the bracket

in the direction of the cable. (1) e, mcker-sapoort foo (s

bridge girder allows horizontal
movement so the bridge is free
to expand and contract due to
a change in temperature. (4)

The floor beams of this

This utility building is building are welded
pin supported at the top together and thus form
of the column. (8) fixed connections. (10)
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Description ‘ Symbol | Required Forces/Couples ‘

REACTIONS - 2D

=
1. Roller support E AE = = I
A.i A.f
x
2. Cable or rod B‘E A H&A
3. Pin support A A e[ we[ Y
‘= 7 P iy w
/] ¥
x

_ M, .
4. Cantilever support Al 2,
(fixed end) : A7
A_r X

REACTIONS - 3D ‘

5. Ball joint

6. Cantilever support

ol
(fixed end) =i [ .
A e
MANF. -
C
C

CONNECTIONS - 2D

7. Pinned connection

8. Rigid connection
(e.g., welded, bolted)
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F, section

F3 Y Shear
Force

M, Bending
Moment
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Normal
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X

(a) (b)

Ly (onos ;5 9 (o 32 5935 SL,I0 903 oons
olezsles S aiS Lo Lol yolic 5,10 (glojl csliael laiear Jshaie slogloisle jo 1) 3,15 o i oy
Oeizeans 25l ol (Jsb jeme olaiel 4y Curd gl S Ly g 0gas S jake D g0ty Wlgi oo 3 2 3,y Ll ks by
a5 S b sl 055 Sy 5 s a0y 5 SIS b b S 558 U sl e 08y slot
S5 Sax 1 Sa57e S Dl Joged jsliie aay 098 psles (T (55, L plai o (315 sl Sl 5 bag i ool 03Y
bl 3 syt 35 5 el elsny 0y e 018 i 0T e BB 5 s s 5 | s 5 5

Lol 438,518 Az g5 9590 (e S g (B 9500 St 4 g pe sl loges Laid

W) t e glaols,l 48
T T ] I T T T T T T Sty 5 o)l Coodle (o011 3 & jg0a Sl @Y oy 4y 3959 5] i
D S99 )l St Sz egya5, S 50 0iS aseiie | g Sl
Positive exler‘l/lal di;tributed load = IS ol o0l salo ul*“-’ G SG °|9-”Ll° dads S0 e )i.J P)
Positive internal shear — Normal force
M M
) ( C - N
/M
Positive internal moment Shear force—y _/

¢ y Bending moment
Beam sign convention



S5, deswo g olﬂ olRisls \ las cwglis

&hio (509

l) s s).u & J.».L?u 05..»‘59 aslln (519‘.) 6“@3)"" u.....u LS‘)’ “_)LA.AL‘> ;S.ul&o ) cbl.a U’“"?) ‘5.;&4.’ ‘U’“"ﬁ) u.:‘
Jﬁ.e‘.?v.a (5L®J.a.x”g.s.c slass uA...ula é...:l...w‘ o s).ba Sjy90 ).3.: 45‘5:)9@ B '59'“&50 )LC| L)‘ bl)‘ (o> )‘09.«4 o)
50 (g pls 18 00,5 o dule LolFaSs 1iSTy cud i pl 4 0g wlss Jol SV olee slowi b (goluw 25aASS
L Sabmn o s? oobolie WSS 15 pabuie 80,58 b o 45 5 5 ol i 5 55 paie (sl i (o bolsd
Jols &¥olae pigs il Jols Jl 0 wb 5 ol 252 2wl Jobs Jb o s o o550 a5 Lol cpl 4y axgs
A3 oo Cawd a1y i 5 a0 adade (o Sl slag s sy e (sl

LSl ees iy JSs Billas 5 5 GS et b 5lam s B8 alolid) C 5 B bl o1, sowes Sy (85 g9, 1) Jlko
.a&SwWGkN}Sﬁ:&

6 kN

A
—_— 7 g
ki |
—3m—— 6 m |
olf@&ﬁlswjléiﬂyhséc;,»!&alf)M@w.dl)Gmlfw6Lm£)igfls‘};o|j’|)|oww;)"w|x.gl:J:
(g drlone A
6 kN
l 9 kN-m
Ali )—:- C+3Mp=10; 9KN-m + (6kN)(6m) — A(9m) = 0
3m—| 6m Ay = 5kN
N D_\.l

o 5 R g o oo dnaB O3] e Jlogas |y Jolas Yol C g B Llis o 00 ahaie b 43S

XIF, =0 Ng =0
)-h-NB +13F, = 0 S5kN—Vz=0 Vz=S5kN
C+3Mz =0, —(5kN)3m)+ Mz=0 Mz=I15kN'm

HKIF, =0 Nc=0
+13F,=0; S5kN—-6kN—Vc=0 Vc=—1kN
C+3Mc=0; —(5kN)Gm)+ Mc=0 Mc=15kN-m




S5, deswo g olﬂ olRisls \ las cwglis

e WSS, 80,508 ) i1 cod ey JSO Billae 55 sl 1) (ot S5 (G0 95 Dleesd Slages (VLo
VLY

RERRERRRRIRINRIYS

| L |

A BaSs I X dols o1, aaiie .yl o Cawsds WL/2 Lol Sggew 5 e, Judo @ 15 284S slo iiSTy : Jo
) My@e\.da.'éwl slply Jolss SYolas g s o0 Ol o o dalad (gl | alﬂw)bwsmﬂf@)ﬁ)e
(alools S8 15 ol Jolao 35 5ai0 )l X Jobo 55 00 8 L gl

L
+13F, =0 M wx -V =0
Wx ' 2

X
___l‘_ij V = w(% - x)
! - : M
AT:H{) (t=M =0; *(% x + (Wl)(%) +M=0

2 M = g(Lx - x%)

Jedsar g el ol oSS (1S9 b oS asSS 50 (o5 0 (59,8 sl

|£LHHHlHJin 55 O et Jlogad Xz 5y (50 (558 Holes 352 (b

oS )8 pio b pln 1) (B o Ay STog valys s

wi wL e sons T eoad
BB |5 ilise Cansdy Jlage (59) 2 O] Cundys
V
iL
%L\ . W(E _ r) :
L
X _
L 2=
i 7 F\_LL 2
- 2
M L2 Oty s 18 i S Aol o ) X jlase ol 3T >
‘Mmax = T W) \.\.a>|9> J..ol} Q—‘ )L\io
w L L\?
. -]
2 I wl?
C =
(c) <

Dy Al o O yg0ds ol 90 43 10 I X o p a5 WAz b s cted S Ol loges



S5, deswo oo ol olKsls \ las cwglis

Jole sl 58 OYolro
Jemlrns S¥olae 5l osliiul by po (Sl l3503 s 5 9 5 Jobo )3 (steS S 5 (2B 95 e 50 Fe by S
a0 S pete cied S g 35 pede b 00 ,5uS b alex ) il o)l Sl cou |y 8 S sillae .ol Jolas
olis AX Jsbas (Sog8 dakad olj] s jlogei B ISa o ailoas (5,8 cute cadle b oy ol 5o lag s pled o n 5

Ll 00 o0l

k(Ax)

iy

—x " —Ax V4 AV

i Ax 1
Free-body diagram
of segmentAx

(a) (b)

(gl el oo @il Slaal o lag i Jobss 5l eolaiwl

+13F, =0 V +wkx)Ax — (V + AV) =0
AV = w(x) Ax

1288 Az plgi oo AX 598 D)le 50,5 i b AX =0 45 g0 0

1
av = w(x) (

dx

Ll adady lod ;0 05l9 80,5003 b e bl cabads 1o 50 L3 (695w ,I0g08 ot (K0 jle 4
555 o gols O Ak Jyo a5 gosmo s i 5 50 Aakah 15 Joles i (ol o
(+tEMp=0; -V Ax — M — w(x) Ax[k(Ax)] + (M + AM) =0
AM =V Ax + w(x) k(Ax)?
185 a5 oo lie joboy

dM @
dx

Lol aads las 1o b (g9, Jlade b plpcalais o 0 Jdees S jloged cold? (oim

AR



0)9.}.2) Koo

w=w(kx) s

,,-1V7HI ll

A -
e C \ D

w = negative increasing
slope = negative increasing

|4 |
0 v“‘I
— W

—Wp

| V= positive decreasing
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V positive decreasmg
slope = positive decreasing
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w = negative decreasing

slope = negative decreasing
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V = positive decreasing
slope = positive decreasing
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V (kN) 5= Sg;‘:
6.5
5 8 4 (m) _ [0.075 m](0.150 m)(0.030 m) + [0.165 m](0.030 m)(0.150 m)
4 B (0.150 m)(0.030 m) + (0.030 m)(0.150 m)
= 0.120 m
~195

(b)

1
I= [6(0'030 m)(0.150 m)* + (0.150 m)(0.030 m)(0.120 m — 0.075 m)z]

+ [%(0-150 m)(0.030 m)* + (0.030 m)(0.150 m)(0.165 m — 0.120 m)i’-}
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0 =7y'A" =[0.180m — 0.015m — 0.120 m](0.03 m)(0.150 m)
= 0.2025(10%) m?

_ VO _ 19.5(10° N(0.2025(10%) m’)

T - = 4.88 MPa
It 27.0(107%) m*0.030 m)
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