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Mohsen Vatandoost (n.o., m.sc., M. Arch)
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Office hours:
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Please feel free to ask questions.
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Welcome to the Recitation session 10/10

QOutline:

= Quick Recap of the week

» Provide the solution for the assignment (Homework 8)
= Answering students’ questions

= Lab: 3-Hinged Arches
. Bridge_1 project (Due date: this weekend)

Please feel free to ask questions.
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Recap of the week

3-Hinged Arch

= J
The 3-Hinged Arch has a “hinge” at each @
pinned support plus one more internally. o 8
The internal hinge provides one additional —>& A BpR&—"*
statics equation to be written since the 77777
moment at C is known (M. = 0). This makes ’T ’{‘5
the system statically determinate. AT v

2-HINGED ARCH

Characteristics of a 3-Hinged Arch

+ Statically determinate — can be calculated with
statics

* Movement or settling of foundations will not
alter member stresses

* Small fabrication errors in length do not affect
internal stresses

* Hinge placement can reduce internal stresses
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Provide the solution for the assignment — HWS8

9. Three Hinged Arches ° P ro b I em.

For the three-hinged arch shown, determine horizontal
and vertical components of each reaction, and the
moments at the knees.

DATASET: 1

Height A 13FT
Height B SFT
Height C MFET
Height D 10FT
Length E 4FT
Length F 17 FT
Length G 17 FT
Length H 4FT
Force P1 6 KIPS
Force P2 20 KIPS
Force P3 20 KIPS
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Provide the solution for the assignment — HWS8

- Problem:

Question Your Response
HORIZONTAL component of R1 (+ = to the right) || |Gzl <rs

VERTICAL component of R1 (+ = upward)  BGES
HORIZONTAL component of R2 (+ = to the right) || |Gzl KPS

VERTICAL component of R2 (+ = upward) I <Ps

Moment at M1 (+ = tension inside) I <PFT
Moment at M2 (+ = tension inside) I <PFT
Axial force in member "a" (+ is compression) I <Ps
Axial force in member "b" (+ is compression) I <Ps
Axial force in member "c" (+ is compression) - BGE
10 Axial force in member "d" (+ is compression)  BGES

W o =~ @ W AW =
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Provide the solution for the assignment — HWS8

. Solution:

P2-= Zokips
\ P3 =20 Kips FAD of whole Structihrt:
P1=6 ! | 1
L ( TM . =
B 8 i<
. f'xE' +p, x(E+F) +PSX(E+F+G)_/213)((E+F+;+H)__--
A 1B
C 6 X1 + ZDX(‘H-IK) + ux(‘t-w%ﬂi ) —/{zgx(‘l+‘?+li+7) =|s
Rw R1p |
Rijr'— s Rzg = 2%.66¢ [kips
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Provide the solution for the assignment — HWS8

. Solution:

P2:Zok;,g ZM@?':.
\ P3 =20 Kkifs _/7 X+ _y ;((G—-I-H) _Pl (F.+G+H) + R,a (G_f.f.,.G-(-h) .
P1=6 ! | 1 3 2
_é—s _2ox 4 — zox(12+4) — 6 X(1+17+1R) + Ry (q+12+12+‘() =
— Ry = 1339 kis
A
C C"\C(J«( 2
Rw R1
R'j ZFJ:.
B ?
Rig—f —F. by +Fiy =
"
\2.334_ 6-20 20 4 28.66% =- —3% akV
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Provide the solution for the assignment — HWS8

. Solution:

FAD  Left part -

— P1=6 ¥, EMQK = .
B & i > K ~p X F +ﬂ,;x(E+F)—K|“X(A+B)=-
| —6)(l‘?._,ul?.aa'rx(q..,!z)_ﬂmx(n-r&)___.
A3
C — Rn.. = |2-‘1’16 , kffs
P — — —o— — -~
ZH 4 -J- 12
Fe F FBD of whole Structure:
EFu = Rm -RL“ g
—T Elu i R?.‘IA= ‘Z'U'ZG‘
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Provide the solution for the assignment — HWS8

. Solution:

FBD -
L P
B 8 y
4‘— ‘ SFuZ-.—).k‘“-F,“:'——)-F,“:kl“ilz—-—jﬁ’kfp.‘
a : ZFI’:- — R(Z—Fﬁa:-——? Ia:K'gi&E}l, k,-PS
A 13
1 N £, =,l i+ Fy = n-«%‘g?ﬂ)‘t‘ =35
R‘“ R‘]{\)— - . o Axial Force n member: Co»,ktfﬁ'"
Rlﬁ[ : ’ 13
r"—E o F
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Provide the solution for the assignment — HWS8

. Solution:

Zml =
L m
B 8, ; . _—4 F_,a XE _.Fl.,LX A = ' o
1— & | %334k —12-4%6 x13-M) =
a —y M, = -92-852 jips. Fit
A 13
_!-'TC ﬂb}ﬂﬁvt vOl([LE in df'CmttI owf fb"tfaf mfsurnfffﬁl-
A — was et Fight S0 we Shoutd Plip the direction

. R1‘q\ (', 7, \J% F,'}
!
ﬂ‘ Fim
E —!ﬂ § R / m,
=iy
T

R]J
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Provide the solution for the assignment — HWS8

. Solution:
P1=¢6

5 — Fﬁo .

B & ¢ :

b 2 Fuce R by = _ybo—R - (2.976] Kips

A3 p EF3=__) R,a ——ﬁ ..b;:- __)’%.33'1 —G—ba-_—_.
RI—L-}R—“Q— et et fea et S e =T bai' “'?‘3l’| k-‘rS
g ¢ " b={ b 16y = (127 1 = 16855 | kips

! e 2 Comprecsie-
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Provide the solution for the assignment — HWS8

FBo ﬂl'}l\t flart
P3=% hips Z F
wei Ly Lol R =-_>C%=R“;n-‘1?€\ kips
T — )
' ” C ZF;=‘_‘—V —C#—P3+K7_3=._),_C3,2,0+28.661:~
T_ —» Cy = 5.66%
d /p we shourd Flip the directior
J C= C-\:-f-cat =\(|’Z-'1%6 + b.ecy : = lp‘b

— —— _L/ : -
/ R2 —>C = 1509 kis

T Ram

R,,,
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Provide the solution for the assignment — HWS8

FRD:
—L ZF\,:- - dv—Rq_u = bl y Ou Kz“:'z,‘-(:zei k,-PS
/
‘ ' ” C— ZF;:-——’I Azj_daz~%da=k2§: 28~66:Z!klr5
| d / ‘ J: \I d%t-f-dzz = J l?-'1?61+2.b.66~21 = Bl.26 | kaS

z/"\@2=-__> (/MXO —d;XH_N-L_—_.

; "

5 s e el j

L ll'«\ g &j 12.9%6xlo— 26.66F x4 _Mo=-
i C H

—1 | M — lo-o‘)?—\ wips-Fre
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Lab: 3-Hinged Arches

Description
This project finds the reactions and moments of a three-hinged arches.

Goals
To observe the end thrust behavior of a three-hinged arch.
To calculate the end reactions of the arch.
To calculate the moment at the knee.
To find the geometry of a catenary arch.
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Lab: 3-Hinged Arches

Procedure

Part 1

1. Adjust the 3-hinged arch model on graph paper to have a 9" span.

2. Copy the geometry onto graph paper to determine the dimensions — the member
lengths should be about 4" each.

3. Assume a uniform vertical load of 1 pound / inch on the length of each member (like
a selfweight). Find and locate the resultant forces on your drawing.

4. Calculate the end reactions.

5. Calculate the peak moment at the knee.

Part 2
6. Next use the string to find a funicular shape with the same span.
7. Copy the new geometry onto the graph paper (overlaid on the original arch) to
determine the dimensions.
8. Segment the arch into four symmedtric sections.
9. Calculate the end reactions.
10.Calculate the peak moment at the knee.

TAUBMAN COLLEGE
UNIVERSITY OF MICHIGAN Arch314: STRUCTURES | Slide 16 of 24




Lab: 3-Hinged Arches faer 1

VERTI CdA, FedeTions - b‘/ 6\/:’4»451’7\7

I : 39 ZF= le-NRp20O
jestsj 433+ il ‘gg K|=Kz ;[&‘?ﬁ
1 FbD LEFT SIve
Q L —
4 s 200 B(A5") - K(EEY - 4(42)-409)
: B, vz
//j [ T
I e RILHT SwE By S/mAETRY
MAAql } i
*’\txucc = §(03) ~2.1(¢ f)-‘l(o'%)**’l =0
M _=l4“7‘7\//_
ot leibiery Al=5) AEEHE
FaY £ UCFT|BALE Afdiiiddeityd ! 25 il B er 2 .
TMec =0k +E(AsH4Tn.2) 141 ‘ | g Adin VERTCAL RiAETISIS BY SYE [
) o ] [ " R =[8%]
Fl},[\t‘fn | 8o LeFT SIPE
¥ 2Mén

7 M =03 8(46) = 5(3:5)-3(1.2)-H(6:3)

T s [esY
L Mo = 8(2)-2.81 (46)-5(1)-H =0

M;io.l 2 ol
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. . TYPES OF e
Bridge Project BRIDGES ===

= = I

Truss Bridge LTS = A

Description
This project gives students the chance to apply concepts learned in truss analysis to the design of a small road

bridge. The project also introduces technigues for design and testing of structural models. Work is to be
conducted in groups of up to four people. The project is divided into three parts: 1) initial conceptual design and
analysis, 2) design development and testing, 3) post analysis and documentation.

Objectives
* to explore the geometric design parameters of a structural truss through bridge design.

« to perform quantitative analysis as a means of testing and evaluating a design.
« to test a design concept using a 1:64 (3/16" = 1') scale structural model.
* to document the results in a clear, well organized report.



Testing Frame:

26"

Bridge Project » ] r’

ELEVATION PLAN

Span=160 ft (scaled = 30 in)
Max. Depth = 53 ft (10 in)
Max. Deck = 8 in (1/8 in thick)

Max Weight = 68k (4 0z)
Material = wood + glue
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Bridge Project

= Have creativity!

= Refine your initial design

" [teration to upgrade your design

= Pay attention to the Tally sheet requirements.

(We Don’t want you to lose points!)
= A long-continuous member is allowed.

= Deck required to be designed flat
Look at the examples provided in the course website
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Bridge Project

Documentation

see tally sheet for detail

development of prelim
revised analysis

final design

test results

post-test analysis

Score Tally

Three Parts
prelim report 40

testing 60
final report 150
TAUBMAN COLLEGE
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Preliminary Report

Explanation

concept
truss type

Analysis
member forces (Dr Frame)
member sizing
selfweight
capacity

Presentation

letter size report

Due Date
12 October 2023

Criteria
dimensions — 30" span
loading — 50 Ibs min.
Materials — wood + glue

Efficiency score
weight limit — 4 oz. (minimize)
load capacity — 50 Ib (maximize)
(4/weight)x50 + (load/50)x9

Submission
preliminary report
model testing
final report

Final Report

Documentation

see tally sheet for detail
development of prelim
revised analysis

final design

test results

post-test analysis



i . Remember!
B rldge PrOJ ect Triangles are Sturdy, Stable Shapes

WA\ AN KR

Parker K-Truss
W\ \/
VAV N NN NAVAYAYAYAYAY
Camelback Warren
NNV
X A \NAVAVAVAVAVA
Fink Double Intersection Pratt Warren (with Verticals)
NS
AR ADDOID AN
Bowstring Baltimore Double Intersection Warren
AN AN R
Waddell “A” Truss Pennsylvania Lattice
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Bridge Project — Some good examples
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Thank you.

Any question?
Please feel free to ask questions.
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