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General Instructions:

e T won't be able to take the 6th-week recitation, So I'll divide the groups and email the list.
SEP 30  Building Big - Bridges (video) S
OCT 2 Plane Trusses (by Sections) Ch. 3.3: pp. 128-152
OCT 4 Recitation

(interim bridge report due - 10.4)

Topic Quiz 6 7. Truss Systems (10.6)

e Notes will be uploaded asap, after recitation on website.

Office hours: Wednesday 12-2 pm (except October 3rd). If you miss recitation, sign up to avoid losing recitation
lab points.

e Reminder: Course evaluation is based on the points you collect.

24 lecture quizzes, 10pts each 240
14 topic quizzes, 20pts each 280
14 homework problems, 5 pts / question 805
bridge testing project 250
12 recitation labs, 20 pts each 240

TOTAL 1815



Equilibrium of Rigid Body:

Types of Loads
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Distributed loads

Scattered on a relatively large
area—too large to be considered as

a point load.
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Problem Set 04: Formulas:

- Total force from distributed load: (units: KIPS) Example:
W1 = Force wl x Distance on which wl is acting M MICHIGAN SV

- Distance of total load W1 from left reaction: (units: FT)  Problems
dl =A+B/2

Logged in as: Vishakha Bagarao
4. Parallel Force Systems

Sum the moments about each end of the beam to

- Total applied downward force: (units: KIPS) s Evo v som st
forces is zero.

sf (l) =P1+W1+P2 DATASET: 2

Distance A 10FT
- Left End Reaction (R1) Distance B 7FT
Distance C 6FT
Force P1 5KIPS
- Right End Reaction (R2) Force P2 5KIPS
Force w1 0.76 KLF
2M =0 = Zloads x distance
Question Your Response Correct Answer
. Total force from distributed load: W1 5.32 KIPS 5.32 KIPS
ZFY = Total applled Downward forces + R1+R2 = 0O Distance of total load W1 from left reaction 135 FT 13.5 FT

Total applied downward force 15.32 KIPS 15.32 KIPS
Left End Reaction (R1) 6.3806 KIPS 6.32783 KIPS
Right End Reaction (R2) 8.9394 KIPS 8.99217 KIPS

Current Score:

Problem Menu
Logout




Problem Set 04 D
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Problems k' G\VQX\ Dale :
. - !
Logged in as: Vishakha Bagarao ,;dﬂkmu_L-_LQg . e
. [
4. Parallel Force Systems - @Mi = .
digtonce C<6'
Sum the moments about each end of the beam to
determine the end reactions of the parallel force Foree 9. =6 Kipg
system shown. Check that the sum of vertical =
forces is zero. Foree Ta S Kips

foree. W), =016 kLF,

DATASET: 2

Distance A 10FT Cle?h) PeS 2016 ?‘z s (RiqhH)
Distance B ET + o
Distance C 6FT R, 1) Ra
Force P1 5KIPS h——8———6

Force P2 5KIPS » 10 d, _{" 9

Force w1 0.76 KLF P— L —

# QuasRons:

Question Your Response Correct Answer
Total force from distributed load: W1 5.32 KIPS 5.32 KIPS

=
Distance of total load W1 from left reaction 13.5 FT 13.5 FT 1. Votal force From dighvibuted load : W1

Total applied downward force 15.32 KIPS 15.32 KIPS W1 = Foree Wi x distence B

Left End Reaction (R1) 6.3806 KIPS 6.32783 KIPS t A

; . w - .
Right End Reaction (R2) 8.9394 KIPS 8.99217 KIPS )
J.\Wa = 0716 ¢
Current Score:  25/25 " W, E 5.22 K\PS’\

Problem Menu

MATRIKAS



Problem Set 04

2. Diglanca of H@__cl\él_ﬁmm_\ac_\'_‘ To fiad R.,,,

Problems

EFy =-Fepy + R +Ra.

Logged in as: Vishakha Bagarao

du = A s B/Q o 0 = —\§-BQ+R|+ 8‘&394
N

4. Parallel Force Systems ¥ -, |\ - = 1\ l
Sum the moments about each end of the beam to - '0 * /2 — R‘ = 6 2 3 8 O 6 K ‘PS C ) B
determine the end reactions of the parallel force 5 '

te hown. Check that th f vertical -
?Oyrscsssszzxrf eck that the sum of vertical . @ A‘ = l %. s‘
DATASET: 2 P - g PQ- = (5"
Distance A ¥ e \I\.) :6.32 \ 1 ~
Distance B 7FT 3. 'T-O "OJ G-DDUE d dou’)h wQ'fd Q,rcn— t !
Distance C 6FT C‘ _, L b \?
Force P1 5KIPS pr - ’P + u 4 ?‘2_ "y : . 5 2
Force P2 5KIPS ¢ A e b X 6 —%
Force w1 0.76 KLF = 5- % S- 32 + 5' EE " I’ \

. c ) 4 -

Question Your Response Correct Answer . . g |, ) = ‘ so 32 KIPS C\l/) & 4__” 4_ _/

Total force from distributed load: W1 5.32 KIPS 5.32 KIPS .

Distance of total load W1 from left reaction 135 FT 135 FT

Total applied downward force
Left End Reaction (R1)

15.32 KIPS 15.32 KIPS
6.3806 KIPS 6.32783 KIPS

Right End Reaction (R2) 8.9394 KIPS 8.99217 KIPS ”- en d ve'o‘c'\-:b ﬂs > ( R‘ é:’ R" ) -
Current Score: ZM g (¥ = o

0 =Py A+ Wxg, + Pax(Ard)-Rax(L)

O =5(16)45-32013.5) +5 (M)~ Ra(23) —
O =504 710-60% + 85-23R2 — S

O = 005. 08-3R, - ——
R, = 205.605 _ 9.9394 wmfs. (M -
23 —

| Ra = 8939, yps | (M -
(Rimr ond vcaChen)

M\ATRIKAS




Problem Set 05: Formulas:

Example:
- Total force of the Uniform load: (units: KIPS)

. A\ MICHIGAN
W1 = Force wl x Distance on which wl is acting 3 ¥
v I -y a
. . . . ! —<|
- Distance from centroid of uniform load to R2: (units: FT) S o l e \ienerce Egerss
b/?_ 'P/s 5. Equilibrium of Rigid Bodies
Ll_ (A+B) / 2 4 ' Determine the support reactions at A and B that
b will hold the beam in equilibrium.
- Total force of the Triangular load: (units: KIPS)
DATASET: 1 (2-) (3-)
Point Load, P 4.7KIPS
W2 = (Force w2 x Distance on which w2 is acting) / 2 Uniform Load, w1 101PLF
Triangular Load, w2 203.6 PLF
Length A 9FT
- Distance from centroid of triangular load to R2: (units: FT) Length B 30FT
L2= (B) / 3 Question Your Response Correct Answer
. N N * TOTAL force of the uniform load: W1 3.939 KIPS 3.939 KIPS
Distance f troid of the uniform load
- Total load on the member: (units: KIPS) TS W gese b ORZ L) o e 18557 18557
N N,%’T - L == TOTAL force of the triangular load: W2 3.054 KIPS 3.054 KIPS
zf (l) - P + W1 . WZ ’7” '):37 e 730 - :7 1 EJi:éagc;go(r&jemroid of the triangular 10 FT 10 FT
S . . —Flyy ™ TOTAL load on the member 11.693 KIPS 11.693 KIPS
. —ve~ = L _“L, ‘\\ e Reaction force: R1 (downis - : up is +) 9.68835 KIPS 9.68835 KIPS
- Reaction fOf‘C€ (Rl) = > Reaction force: R2 (down is - : up is +) 2.00465 KIPS 2.00465 KIPS
- Reaction force (R2) SIS
Problem Menu
M =0 = Zloads x distance <D

2Fy = -Total load +R1+R2= 0 %

Clockwise Anti-Clockwise



Problem Set 05

)y =10 PLF
T T W= 003.6 PLE

Logged in as: Vishakha Bagarao

5. Equilibrium of Rigid Bodies

Determine the support reactions at A and B that
will hold the beam in equilibrium.

ITUITIIIT

DATASET: 1 (

—» Y g L,
'D &

Point Load, P 4.7 KIPS
Uniform Load, w1 101 PLF
Triangular Load, w2 203.6 PLF

Length A 9FT
Length B 30FT

_# QuaFons: - i

Question Your Response Correct Answer
TOTAL force of the uniform load: W1 3.939 KIPS 3.939 KIPS
Distance from centroid of the uniform load

to R2: (L1)

TOTAL force of the triangular load: W2 3.054 KIPS 3.054 KIPS

19.5 BT 195 FT

— 1:_[;\'01 eOYCn_ of b Unﬁ\orm LDO.c’ : \AJ1

|
o
I

|

|

. 2 z. \ L |
|

|

|

!

:

|

A\NE

1

wl xD

1

Distance from centroid of the triangular 10FT 10 FT

load to R2: (L2) ?o’.'n\- load ,,\)

101 x (3+30) =10l x 39
W,L- 2929 #

1

TOTAL load on the member 11.693 KIPS 11.693 KIPS

4.1 wPg
Reaction force: R1 (down is - : up is +) 9.68835 KIPS 9.68835 KIPS U ol ’ 4
Reaction force: R2 (down is - : up is +) 2.00465 KIPS 2.00465 KIPS mc‘" a0 (Dﬂf\ ) (J"l i3 \ o \ ? LF

Current Score:  35/35 T’ﬁ(nr\nu_\nv‘ (oad, w2 203 (S PL

/Ut w,a‘.’m’_""*‘,'wm W TR
( < FF 3 '

.9 F

__M" poonda ‘o kirg . 1 kip = 1000 (bg .

330 El.

L Wiz 39398 < axips 2 3:939 kips|

lOoo #

—— -

2 Digronce. Fown cenvoid of Yhe. wl] 4o Ry L,
P Y T W

9. \l AATRIKAS
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Problem Set 05

=10 PLF . _
AT Oy 2ea.E prp

T

Logged in as: Vishakha Bagarao P =4.71 lpg /

5. Equilibrium of Rigid Bodies //l I .
Determine the support reactions at A and B that (1 '
1 v \
;_I_

will hold the beam in equilibrium.

Li_im

\
- ] ] i
DATASET: 1 (-2 1 7 N - & i
Point Load, P 47KIPS . HHEBDG J t\L L :\L 4 L 5 B=30 —fyr
Uniform Load, w1 101 PLF % M
Triangular Load, w2 203.6 PLF . D l-a_ .
Length A 9FT v 12 —_— - |
Length B 30FT B=3¢' 3- \0\'“\ QO'(‘CL OQ‘ \'\u.. \'nonc\\‘u.hf Uud : WQ_ |
”
o ¢ N PN
K, [oY] Ra \(\‘ Q = mSZ )

Question Your Response Correct Answer

TOTAL force of the uniform load: W1 3.939 KIPS 3.939 KIPS - 2

Distance from centroid of the uniform load " H

to R2: (L1) 19.5 BT 19.5 FT ’ d | % 6 %o

TOTAL force of the triangular load: W2 3.054 KIPS 3.054 KIPS ,) = Q 0% X

Distance from centroid of the triangular 2 : :

load to R2: (L2) 10T 10 FT nk LDC\A 2 X I“ - .t kl PS Q

TOTAL load on the member 11.693 KIPS 11.693 KIPS U .cc‘ » . n T’W

Reaction force: R1 (down is - : up is +) 9.68835 KIPS 968835 KIPS Nitorm (DﬂA ) (,-)_L “\o \ ?LF - ’506 n ;ﬁ:’ 7z /% //m

Reaction force: R2 (down is - : up is +) 2.00465 KIPS 200465 KIPS

\§

ad, w2 ‘203.6 PLF 205ud o Alaps
i s 1000 1

=

Current Score:

! ap [}, LW, = B0 mes|

t.Drclonca. From centrotd of Hue Yriongudav oad
bo Roilo (Ve o h ‘oﬂ\t) B

Vlbaz 20 #_\_i‘: o Ok
) J
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Problem Set 05
N =;.o SpLe o """*"—."'*ﬂ,.z?;&oq | Qz

' B B ' - I ZCS = ‘ZC(L) +’R| "’Q')_
- —+ AN e Wea 0t \Wa=8.054 BPS | 0O = -11.693 19.68%3% + R,
P-4 Tleps

S ,f, wlg,,,, if — m;K Ra = 92.0046%5 bt’&\,,,
4 —— i . '

A/ N 1
LY P - L 3
R ; 30
; | ' ; OR
Jr \\1 l» J/ Jt'\ll I \l N \ (E_'__.__q
ot T -
-qr ‘R 0 —\fe = A - :
— 1 AL r e EMeor, = C4Tx9) +(2.939x10-5) +(3.054420)
' & 2

: = < - (R0 !
5. Equilibrium of Rigid Bodies 5. \oted LDCkc) on ‘“w_. \'TUUY\\DQJ' . = 121:)

Determine the support reactions at A and B that

= 6o- — 20
will hold the beam in equilibrium. Z-CC&) :’P 3 W\ + \(\lq_ — R 129 i% _}QQ_
b = 2 Qs S P
DATASET: 1 (-2 ) Ll . - L‘,"l 4 %.933 > 3'0% AE 5 NS PR o0ol6 kai 84
Point Load, P 4.7 KIPS A pdldh ]

Uniform Load, w1 101 PLF

Triangular Load, w2 203.6 PLF E‘-é Q C*): \". G q 3 hp gq

Length A 9FT
Length B 30FT

o i
Question Your Response Correct Answer 6 ¢ rReor \l‘ on %‘r Ce’ rRL

TOTAL force of the uniform load: W1 3.939 KIPS 3.939 KIPS P41 i’-\PS ‘ w' =3930 LS m’ﬂ? EAES
Distancs from cenioek of the Unifarm s .19 G .19 S é MQQ% z = (4T 3 g) * &‘ x 30) "'(/3'-?39 z
to R2: (L1) V :

l A —-v()_
TOTAL force of the triangular load: W2 3.054 KIPS 3.054 KIPS - (?,. 933){ 19. S') - (3.054 X |°)

Distance from centroid of the triangular 10 FT 10 FT I
load to R2: (L2) o=

TOTAL load on the member 11.693 KIPS 11.693 KIPS o sl 3°R [ 290 i GS.OS‘

Reaction force: R1 (down is - : up is +) 9.68835 KIPS 9.68835 KIPS 1 F
Reaction force: R2 (down is-:us is +) 2.00465 KIPS 2.00465 KIPS o Q\ = 090.4v0% \ = l“~~———;—é —_———'—J '—*
Current Score: 30 ‘Ve » '——”—_*__.—_" Ll _—T__'ﬁ
tf‘ i] ] ‘lg.ﬂ']
| .. R -9.6883¢ kipe] ¢ P
“ve L7y,

MATRIKAS
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Arch 314

Equilibrium

Description
This project provides opportunity to experiment with the equilibrium of a balanced beam.
It makes use of Archimedes’ equations for forces on a lever to determine end reactions.

Goals
To observe balanced conditions using a beam balance.
To experiment with different combinations of balanced forces
To calculate the balanced forces using Archimedes’ method

Procedure

1. Set up the beam balance with the fulcrum block at the center balance point.

2. Place 2 penny weights at one end. Use the ruled scale at the bottom of this page to
measure the distance from the fulcrum to the center of the stack of pennies (d2). You
can adjust the pennies to an even distance.

3. Calculate a point on the opposite side of the balance (d1) were 4 pennies will
balance the 2 using Archimedes’ equation. d2x2=d1x4 so, d1=d2x2/4

4. Place 4 pennies at your calculated distance d1 and verify that they balance the 2
pennies.

5. Calculate the moment caused by each stack of pennies around the fulcrum (in US
pennyweight-inches).

6. Now, leaving the 2 penny stack at one end, spread the 4 pennies out next to each
other and again find the balance point.

7. Observe that the center of the line of pennies still lies at d1 when the beam is
balanced.

8. Finally, for the inverted case (point load on a simple beam) with P = 6 pwt at 2” from
one end of the 12” beam, what would each end reaction be. Show this in a sketch.

Archimedes Lever

Two forces will balance at
distances reciprocally proportional
to their magnitudes.

F
F,xa=F,xb *lfl

4 penny

2 penny

[ W
o ]

F, =F,—
a

Due
During recitation




