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Welcome to Recitation session 10/18
Mohsen Vatandoost (h.o., m.sc., M. Arch)

mohsenv@umich.edu

Office hours:

Room 3122
Wed: 11:30-12:30

Mon, Fri: 11:30-12:30

By appointment
Please feel free to ask questions.
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Welcome to Recitation session 10/11

Qutline:

= Quick Recap of the week
» Provide the solution for the assignment (Homework 8)
= Answering student’s questions

= Lab: 3-Hinged Arches
= Bridge_1 project (providing feedbacks)

Please feel free to ask questions.

TAUBMAN COLLEGE

ﬁ“tfﬂ}TlaEﬁTsulgrE'f' :‘iE“ﬁ".EH.”EH‘.‘i Contact: Mohsenv@umich.edu Slide 3 of 19




Recap of the week

3-Hinged Arch

The 3-Hinged Arch has a “hinge” at each

pinned support plus one more internally. e 8

The internal hinge provides one additional —> A BRp&—"*

statics equation to be written since the F7TTT

moment at C is known (M = 0). This makes T 1‘5

the system statically determinate. p“f 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 — HW8

9. Three Hinged Arches ° P o 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 M"MET
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 — HW8

- Problem:

Question Your Response
HORIZONTAL component of R1 (+ = to the right) || G0 Krs

VERTICAL component of R1 (+ = upward) I <Ps
HORIZONTAL component of R2 (+ = to the right) || |Gzl <rs

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

Moment at M1 (+ = tension inside) B <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) I <Ps
10 Axial force in member "d" (+ is compression) I <Ps

O 0 =~ W AW N =
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Provide the solution for the assignment — HWS8

. Solution:

P2-=170 k}ps

P3 =20 kips FAD of whole Structhlt:

-

W C_ ZM@' =
d y D‘ f'X 54 +p, X(E—f-F) + F3X(E+F+G) _ﬁlax(E_,. F+G+H)= -
Of_—\,_zﬁil 6 x4 + 22X (1412) 4 2ox (1R ) —Ragl(‘t+l?+|'i+7) =
o —p g’-‘j = 29-66?'kip5
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Provide the solution for the assignment — HWS8

. Solution:
P2 = 20 Kips Z Mae
‘ P3 =teltys -p xH —p, x(G+H) —P,(F4c+H) + Ry (€+f+9+’1) =-

—2Xq — z,ox(!?~+‘1) - GK(‘I-H?-H?) + 'Quy (q.+lZ+JQ+‘() =-

— Ry = 12339 kis

Cln-tdl:
ZF;:-

R‘J —f =F, b "‘R’-j :.

(
\2.334_ 6-20 —20 4 28.66% =- —% ak Vv
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Provide the solution for the assignment — HWS8

. Solution:
FRD left FM’L 2

P1=6 ZMg, ="
=f X E + ﬂ,}x(é-hF) —K,“X(A*‘B): t

— ey 134183 x(+R) R, x(13+8) =

— R, - |2-‘!'1£f Weips

FA FBD of whole Structure:

Zh =l _yR, QA L.
e o Rlu T R?.uz ‘2'(116‘
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Provide the solution for the assignment — HWS8

Solution:

4 FBD -
B & |
— W LAY RO SN O 7
| . 2 : ZF;? —r Ry —Fy=. — F'3=Rng_§_f_~_?_?j_, kips
A 13
1 N\ ¢ ICJ =J Fiu + Fl; = j I?—-‘(?Gz_.‘.‘?-”“z = 21-35 i

" o o il o Axial Force n member: Cohfﬂggfﬂ

RH* R‘l‘[

Ruy q _l_ |?’4_|
~—E F
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Provide the solution for the assignment — HWS8

Solution:
Z-MQ' .
4
é 3; — F,;xE _FL A -
47 g.' ; VYA R Y 1246 X 13=My =
| . a : —a M, = -92-8352 kips. Fit
A 13
_f-lTr. nba.ut"/t VollLe in dbetttI owy nitiel MSumftfa-
C S was  pot Fight  so we Shoatd Plip the Jirection

RH* R‘l‘[

13 A’F}
R“-'r:E _L ;4_' M/v\

{

RIJ
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Provide the solution for the assignment — HWS8

. Solution:
P1=6
— _ FBD
B & i
t 2 F . Lo R 1b| =l L Nb =Kk | IZ-W:KE} Kips

4
|
|

A 13 S Fyo s Ry —f by = 513334 _6_by-.
> —)— ba :.“-33?‘| l(;fg
Rw Rip , = 5 = z T
RIJ‘ ) ! 13 _J b=' ‘I 6u -+ 63 — II@-H%G + 11334 = J—6 .955 l kLPS
A =iy o | COMPYeffl'a-.
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Provide the solution for the assignment — HWS8

P3 =2 kips

Ra
T‘—GJ ;

TAUBMAN COLLEGE

FBo ﬂl‘}At F“’t:
Z Fu-—' P — Cu.—kz.u = — Cuz th: |‘L-"|?G\ K

ZFg.z'—“—? —-Cg_ﬂi_..ﬂ?_g:.__,,_Ca,Zn.,.Zs.GGZ:-
— - Cy =1 % 6ed

we shourd Flip the direction

sz =\(|'.z-‘t1't6&+ib-&ﬁ?z AR lPa
_._)-C_: IS.'9I KJ'FS

T Rom

Rz,
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Provide the solution for the assignment — HWS8

FRpb:
4*_ ZF“-.-- LN du— Rq-,, :.-__)C'..,.: Kz.«»: 12.4%6 k:’pS
'
._ r' C ZFB:-—-—? AZJ_Ja:-%da-;ﬂzg: 23-65?}kff’5

0t= ‘| c‘;...dyz - f l?-wez_,,zz.ecf =BT 28 | kips

E/l/\@2=__> m X D —J;XH—/“-L.—.:-

12.476xlo— 28.66F x4 _M,=-

—r M, - '0‘092’\ wips- Fic
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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 symmeitric sections.
9. Calculate the end reactions.
10. Calculate the peak moment at the knee.
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Lab: 3-Hinged Arches Taer 4

VERT cal Fodcmions - B SYTAETSY

| i ‘ =
| { %‘3 Rizhe # 15
3 il r_ ¥ _ P LEFT 4‘—.~u;*£.'P
= e 2y 202 (457) -H(ES) - 4(42)-4(u)
REa) RAad i |~
R i W={Z.] ]
c | 1
7 Ak RILHT Qe By SYmrALTRY
M 44 |
A es* B2 AT 91 -
SR L. . 'I Binl et B H ‘h‘-
_4 ey lonibaery AJ=Bl ="
|pen £ desr|pdLE ] Har 2
LMec|z0p +HES 4 (B2 i Ak VERTCAL FALTaIS BY SYHE ™
Anlz 2| 11¥| f A =|8¢i
3 22222 EEE IR ISR v
FIN[? MeHENTE KUEE
hiaaa ! 2aln TREE ol | o p LEFT SIPL
F ¥ [T +r~J|'a.£.[: 390)+8 {2 I.Ht'@’ 5(46) - -5(3.5)-3(1.2) (63
3P (Fad g MR %
o T S H=|2.5
e egse= B2)-2.37 (46)-6(1)-H =0
Hu <, f o
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Bridge Project

FEEDBACKS + Challenges

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

Max Weight = 68k (4 0z)
Material = wood + glue
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Thank you.

Any question?
Please feel free to ask questions.
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