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FINAL REPORT REQUIREMENTS

150

Preliminary Design Development 20
How initial (preliminary) bridge design was developed 4

How initial (preliminary) member sizes were chosen 4

Why bridge design was or was not adjusted from preliminary design 4

Why member sizes were or were not adjusted from preliminary design 4

Discussion of how pre-analysis of initial bridge impacted the final design 4

Revised Bridge Design Analysis 50
Internal axial force calculations/modeling (with proper design loading 10
indicated) (Dr. Frame acceptable)

Derivation of member cross-sectional areas from axial forces 10
Member size selection from available stock 4

Est. weight calculation of bridge - including members, glue & fasteners 6

Method of joints/sections calculation for at least 1 joint (@ reaction is usually 10
easiest based on truss geometry, but could be done elsewhere)

Member crushing calculations/check (show work) using F’e=P/A 4

Prediction of capacity of bridge and mode of failure 6

lllustration of Tested (Revised from Preliminary) Design 20
Cross-section of bridge 4

Elevation(s) of bridge 4

Dimensions and units labeled in elevation and cross-section 4

Member sizes labeled (with dimensions) 4

Member stresses labeled (with units) 4

Testing Results 30
Weight and height of bridge 5

Capacity of bridge 5

Observations of testing 6

Description of mode of failure 5

Images of failure 5

Following the guidelines 4

Post-Testing Analysis 30
Comparison of testing with predicted capacity and modes of failure 10
Discussion of discrepancies between results 10
Suggested improvements for future designs with reasoning discussed 10
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Load and Shear Diagrams:

General considerations for drawing shear diagrams:

e When all loads and reactions are known, the shear at the ends of the
beam can be determined by inspection.

o Ata simply supported or pinned end, the shear must equal the
end reaction.

o Shear are zero at a free end of a beam (cantilever beam or
overhang beam).

o At abuilt-in or fixed-end beam, the reactions are equal to the
shear values.

e When positive directions are chosen as upward and to the right, a
uniformly distributed load acting downward will give a negative
slope in the shear diagram, and a positive distributed load (one
acting upward) will result in a positive slope.

e A concentrated force produces an abrupt change in shear.

e The change in shear between any two sections is given by the area
under the load diagram between the same two sections.

e The change of shear at a concentrated force is equal to the
concentrated force.

Beams with Loadings

simply Supported beam with Point load:

distributed load:
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load:

Cantilever beam with Point load:

distributed load:
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Formulas:

Step 1: Beam Reaction R1 and R2

ZMzO
Y V=0

Step 2: Shear Values: V
Draw a shear diagram

Step 3: Static Moment : Q
&= ZArea‘(A) X distance(y)

Step 4: Moment of Inertia: I
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The static Moment (Q) |

measures the

distribution of a beam
section’s area relative

to an axis

Step 5: Horizontal shear stresses: ¢

~ Vmax X Q
o Ixb
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13. Horizontal Shear A, #2 . Rearn vcackon R1 5 Ream yeackon R

Determine the maximum overall shear force and the 1 C+ W upwere 5 = 35 downward).
horizontal shear stress at that location. Then find the |
horizontal shear stress at each end of the center web

(top and bottom). { Wl

w.xg'\)onF\ Wa = Wi x 8pon B o
; =29 x \2 =hgxu
DATASET: 2 ! J - ’
Section dimension A [ \’Ji = 3uy L8s. 2 ‘\'JL =528 LRS.

Section dimension B | )i
Section dimension C 3]:5 A

Section dimension D I T 2‘}/\ @R. = w' X = \")’2 X §-&B Ra X SP‘“” B =0
Section dimension E |
Section dimension F

Beam span A B 0 =- 33&)‘4& + (’)_% - “ /Q Rﬂ. x4 a B W, —
Beam span B - | - “)tRQ.,,, = ,8|€ = e . e

Beam load w1 0 Re = P ; m._,, )
— e .’,‘;‘%,;f.j;m_; LlLl LT

a ~e—e
Question Your Response Correct Answer = 1 — = =

“SS'—Fave
| - - A —— -y
Beam reaction R1 (upward is +) 801.818 LBS 801.818 LBS - { iV = Lwl + Rn ‘W?_ n QQ =0 - —
|

R
Beam reaction R2 (upward is +) 74.1818 LBS 74.1818 LBS o) = —-248+ R, - So%¥+ 741\ & 1§ + o Ra
Negative shear at R1 (use - sign) -348 LBS -348 LBS

0 LR, = 80l.81%1 LRe.
Positive shear at R1 453.818 LBS 453.818 LBS t
Shear at R2 (use - or + sign) -74.1818 LBS -74.1818 LBS | ‘
Maximum shear force (absolute value) 453.818 LBS 453.818 LBS
Static Moment (Q) at top of shape 2 209.136 IN*3 209.136 INA3 1
Static Moment (Q) at bottom of shape 2 173.704 INA3 173.704 INA3 gleyp X% Shear values.
Static Moment (Q) at the neutral axis 219.559 IN"3 219.558 IN"3 |
Moment of Inertia about the neutral axis 2828.77 INM 2828.77 INM
Section width at the neutral axis 2IN 2IN

Horizontal shear stress at the top of shape 2 for
Vmax

/

[# 2. Negabva Shear o) Ri (Use - sign): Va
16.7758 PSI 16.7757 PSI J

| Stace | 8pon A s conklever , ghear valug wil) be O ab
E covn\\\w end « The uw@mm\\j dshibuded Wad o,
o\ pu.\\n ML ghran  dobeam dowonuwars.

Horizontal shear stress at the bottom of shape 2
for Vmax

13.931 PSI 13.9336 PSI

Horizontal shear stress at the neutral axis for

17.6086 PSI 17.6118 PSI
Vmax

Current Score: 70/70 1 \A)
- \
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Problem Set 13

M MICHIGAN s

Logged in as: Vishakha Bagarao

13. Horizontal Shear

Determine the maximum overall shear force and the

horizontal shear stress at that location. Then find the
horizontal shear stress at each end of the center web
(top and bottom).

DATASET: 2

Section dimension A
Section dimension B
Section dimension C
Section dimension D
Section dimension E
Section dimension F
Beam span A

Beam span B

Beam load w1

Beam load w2

Question

Beam reaction R1 (upward is +)

Beam reaction R2 (upward is +)
Negative shear at R1 (use - sign)
Positive shear at R1

Shear at R2 (use - or + sign)

Maximum shear force (absolute value)
Static Moment (Q) at top of shape 2
Static Moment (Q) at bottom of shape 2
Static Moment (Q) at the neutral axis
Moment of Inertia about the neutral axis
Section width at the neutral axis

Horizontal shear stress at the top of shape 2 for
Vmax

Horizontal shear stress at the bottom of shape 2
for Vmax

Horizontal shear stress at the neutral axis for
Vmax

Your Response
801.818 LBS
74.1818 LBS

-348 LBS
453.818 LBS
-74.1818 LBS
453.818 LBS
209.136 IN*3
173.704 INA3
219.559 IN"3
2828.77 INM

2IN

16.7758 PSI

13.931 PSI

17.6086 PSI

( problem Menu )

( Logout )

Problems

Problems

Correct Answer
801.818 LBS
74.1818 LBS

-348 LBS
453.818 LBS
-74.1818 LBS
453.818 LBS
209.136 IN*3
173.704 IN*3
219.558 IN"3
2828.77 INM

2IN

16.7757 PSI

13.9336 PSI

17.6118 PSI

Current Score:

70/70
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Problem Set 13

Shape 2

Area (A=b x h)

10x4=40

2x10=20

7x3=21

2A=40+20+21=81

Distance (d)

B/2 +D+F=15

D/2+F=8

F/2=1.5

Note: Refer
Problem Set and
diagram for
dimensions
AB,C,D,E and F.

| 3
Area x Distance Izz= TR Hxh
(Ad) =
3
Ad1=Axd 1.,-.,~=“J]+4
=40 x 15
=600 g YA =53.3333
' YA
Ad2=Axd y=791.5/81 lmrzzlﬁgﬁ
g y=9.7716 ~166.6667
- 93
Ad3=Axd Izg=1X3
:2_13: :-,'5 =15.75
zAd:sff;: ?+31'5 3Ixx=235.75

de= |d-y|

dc=]15-9.7716|
=5.2284

dc=18-9.7716|
=1.7716

dc=]0.5-9.7716|
=8.276

I,=AXx del?

12= 40 x 5.2284°
=1093.445

12=20x 1.7716"
=62.7717

12=21x8.276 °
=1436.8084

212=2593.0247

Parallel Axis Theorem

1 1

Shage 32 T
L]}

1= YIxx + 312

=235.75+2593.0247

=2828.77




Problem Set 13

M MICHIGAN

Logged in as: Vishakha Bagarao

13. Horizontal Shear

Determine the maximum overall shear force and the

horizontal shear stress at that location. Then find the
horizontal shear stress at each end of the center web
(top and bottom).

DATASET: 2 -
Section dimension A
Section dimension B
Section dimension C
Section dimension D
Section dimension E
Section dimension F
Beam span A

Beam span B

Beam load w1

Beam load w2

Question

Beam reaction R1 (upward is +)

Beam reaction R2 (upward is +)
Negative shear at R1 (use - sign)
Positive shear at R1

Shear at R2 (use - or + sign)

Maximum shear force (absolute value)
Static Moment (Q) at top of shape 2
Static Moment (Q) at bottom of shape 2
Static Moment (Q) at the neutral axis
Moment of Inertia about the neutral axis
Section width at the neutral axis

Horizontal shear stress at the top of shape 2 for
Vmax

Horizontal shear stress at the bottom of shape 2
for Vmax

Horizontal shear stress at the neutral axis for
Vmax

Your Response
801.818 LBS
74.1818 LBS

-348 LBS
453.818 LBS
-74.1818 LBS
453.818 LBS
209.136 IN*3
173.704 INA3
219.559 IN"3
2828.77 INM

2IN

16.7758 PSI

13.931 PSI

17.6086 PSI

( problem Menu )

( Logout )

Problems

Problems

Correct Answer
801.818 LBS
74.1818 LBS

-348 LBS
453.818 LBS
-74.1818 LBS
453.818 LBS
209.136 IN3
173.704 IN*3
219.558 IN"3
2828.77 INM

2IN

16.7757 PSI

13.9336 PSI

17.6118 PSI

Current Score:

70/70

shape 2

Area (A=b x h)

y'= difference
between center of
the shape to the
neutral axis

Q= ZArea(A) X distance(y)

1
1.
_ y'=]15-9.7716| Qt= 40 x 5.2284
— t 18xa =40 =5.2284 =209.136
10"
- i
—_——
Q at the bottom of
shape 2
B y'=19.7716-3/2| Qb=21x8.2716
/x3=2 =8.2716 =173.7036
Q at the neutral
axis
A1:10x 4 = 40 y'=115-9.7716|
Qn=Qt+Qs
A2:2 x (13-9.7716) =5.2284
= +
=2 x3.2284 y'=13.2284/2| 2icon 2(?94223 xiel42)
= 6.4568 =1.6142 :
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13. Horizontal Shear 4+

Determine the maximum overall shear force and the = w 1

horizontal shear stress at that location. Then find the 2 828,']7 x Q — 2

horizontal shear stress at each end of the center web | » N -

(top and bottom). | N 0-0 909_ x q C Qhan 5
| o & l t
1 = . #

DATASET: 2 | N 7

_ F\. 3 He | ——
Section dimension A { Hortzontel shear Shesy  at He rop of Q\’LCL{.)?, 9 &))j

Section dimension B | | \" max - T+
Section dimension C
Section dimension D

Section dimension E | —C{. = 0-0 3o % Q{-

Section dimension F

Beam span A — = 0.0 SOQ_K 209. |26

Beam span B = ‘—G '7— 1 g-,g, Eg*j

Beam load w1 e
Beam load w2

~N

3 1 .

1313 Horizoake) ghear gheas o} the botrom of
\ -

Question Your Response Correct Answer (=4 f‘-‘l—PQ_ Q QCY Vmou( € B

Beam reaction R1 (upward is +) 801.818 LBS 801.818 LBS

Beam reaction R2 (upward is +) 74.1818 LBS 74.1818 LBS ) - -

Negative shear at R1 (use - sign) -348 LBS -348 LBS — - Ty =0-0802 x O

Positive shear at R1 453.818 LBS 453.818 LBS . ) @) 8‘09_)( | 'Tj. Ja36

Shear at R2 (use - or + sign) -74.1818 LBS -74.1818 LBS e " 1

Maximum shear force (absolute value) 453.818 LBS 453.818 LBS 1 = -l—h‘——l-s.qA &S:Ll -

Static Moment (Q) at top of shape 2 209.136 IN*3 209.136 INA3

Static Moment (Q) at bottom of shape 2 173.704 IN*3 173.704 IN*3 4%\ y H » | \
. Ra ol "
Static Moment (Q) at the neutral axis 219.559 IN*3 219.558 INA3 0ri 2ond Sheay ?MX CJ'" He X\UJ’W t...] ax7 g

\
Moment of Inertia about the neutral axis 2828.77 INM 2828.77 INM a Q S Mlp 565 Pﬂr VYHQX P Cq
Section width at the neutral axis 2IN 2IN

| s

Horizontal shear stress at the top of shape 2 for

16.7758 PSI 16.7757 PSI
Vmax | Zh = 0-0802 % @n
Horizontal shear stress at the bottom of shape 2

Ak 13.931 PSI 13.9336 PS| ] . Z0.080) x 219. S3y.
Horizontal shear stress at the neutral axis for 17.6086 PSI 17.6118 PSI l £ 8 Z'\ = '7' 6086 pg‘]

Vmax

£ max & N.A.
Current Score: 70/70

( problem Menu )

( Logout )




Lab 11 Shear Stresses

Structures | Name 1
Arch 314 Name 2
Name 3

Horizontal Shear Stress

Description
This project examines horizontal shear in a simple beam.

Goals
To observe an example of shear force in an element.
To gage the effect of shear stiffness.
To observe horizontal shear failure.

Procedure

Place the clips at each end of the beam and position it on the supports.
Add the washer weight and measure the deflection.

Remove the clips and repeat the loading and again measure the deflection.
Note the slippage of the planes particularly at each end.

Compare the deflections of the two tests.

DA ON =

Due
During recitation



