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Plane Trusses
Method of Joints

Definition and Assumptions
Nomenclature

Stability and Determinacy
Analysis by joints
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Definitions and Assumtions

Ter Cleko, 1
of Truss Systems R S
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2 Force Members WES
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Pinned Joints Z
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Concurrent Member Centroids at Joints
Joint Loaded

Straight Members
Small Deflections

Bullring Covering, Xativa, Spain
Kawaguchi and Engineers, 2007
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Nomenclature
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Trussed Force Systems

2D Trusses
» Concurrent Coplanar

3D Trusses
» Concurrent Non-Coplanar

Foster Bridge, 1889
Ann Arbor, Michigan
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University of Michigan Architectural Research Lab
Unistrut System, Charles W. Attwood
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Stability and Determinacy
of 2D Trusses

For:
joints

m members

r reactions (restraints)

k=2j—-r

!

Three conditions
m < k unstable
m =k stable and determinate

m > k stable and indeterminate
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Quiz

k=2j—r

m < k unstable

Structures |

m =k stable and determinate
m >k stable and indeterminate

For each of the following
trusses, determine whether
they are: 12 |
A) Stable Truss 1
B) Unstable

Truss 2

University of Michigan, Taubman College
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Vierendeel “Truss”

Not a true truss

Moment frame structure
Rigid joints as moment connections
Flexure in members

Bar depth varies
with global shear
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Vierendeel bridge
at Grammene, Belgium
Photo by Karel Roose

Salk Institute, La Jolla.
Architect: Louis Kahn
Engineer: Komendant and Dubin

Truss Analysis
Method of Joints
Method of Sections
B

Graphic Methods
James Clerk Maxwell 1869
M. Williot 1877
Otto Mohr 1887
Heinrich Muller-Breslau 1904
William Baker, SOM

Computer Programs

Dr. Frame (2D)
STAAD Pro (2D or 3D)
West Point Bridge Designer
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Method of Joints - procedure

30K
1. Solve reactions (all external forces) @ 30" ! &
2. Inspect for zero force members (T's & L’s) e
A
3. Cut FBD of one joint ©
4. Show forces as orthogonal components )
5. Solve with =F,, and =F, (no =M) ® fﬁif )2
.
6. Find resultant member forces . =8
(Pythagorean Formula) 30 & —> 4
2.5
SOI io" jok 60" 30" o
z ]
30— = L A @ &t | e
—~—>Z— =
82 r~--) [ ' i
" (-_.ﬁv qu 13 14
Inspection of Zero Force Members
T —joints
L — joints 2k woF eo® 40 36K
A % =3
¢ é_’u Te.
= Lok
B @ P )
sk b )
e 1
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Method of Joints - example

DETEIARMING - ALL HMOdBle, FRefs LWL T METHer

o JolrTs ,

. K Lo* K " oF
1. Solve the external reactions 3{16 L ioz ioF f
for the whole truss. 30" — @ '
\ -
A [~)
L, ‘_,&" M g J e -e-
T s eq =3z
BicTions ¢
iy es o e
IMeA=0 = 30(9)+60(9) +60(12) +60(2¥)
+30(36) - B, (36)
By(36)= 4590
5‘12 >|z¢.5’< s
P
A=l A e o e A D -3(40) = 0
e ey
AT
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Method of Joints - example
30k 70N 60" o™ 30"
2. T or L joints by inspection. 2" ___;Lc 1o e _de L.
3. Cut FBD of joint
®
4. Show orthogonal components m«j i 1 1 2 e
5. Solve by XF horz. and vert. 1125k 1275k

30K ZF\/='O= -30 4 AZ
s el
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Method of Joints

- example

. L s \ 30k eo* Go* o™ 30"
Continue with joints havmg only __}J,c 30k J,D b b T
one unknown in either horizontal 30"
or vertical direction. Generally <l 30K
work starting at the reactions. A ®

- (__,l; i 1 3 5 o
T
112 5k 127.5k

® 130 " SR =30 + 112, 5= Ao,
\J/(_k: ADV 82/ ’K
30— — Loy = Ao, = 8L
Tnz; E’MZ,SJ:&Z,{?’ =
_ K
®%4 ¥
3V,
&
B T
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H(,.a?"w Lha 112,500
NNANANANL

12?,5“ TA=0 = 91,5 -8)

IFuz0= ~30 -82,5 + kh
TersioM

3F,z0= 30 +123.5 -BF,

BE, = a%,5"¢
BF, =f, = 258

BF = {915597.5° = 137,95 comP
PaVaVa P oV Ve

8= 97,5 X meue
= AN
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Method of Joints

- example
30k o~ o™ 30"
35— lcsok \L lg itﬂa‘ia
Continue moving across the truss, 3ok| 116k 1379k | 30k
joint by joint. Solve by £F, and XF,, . 4 [k 975k 5
4 1 J =
30k 4— +
112.5k 1273k
e SFp=30+82.5-pe =0
&o+30" A PE = 112,5" comp
825 — ;Zl i iF, = = 82,4 ~¢o -bh =20
I J’p'ﬁ Dw = 22,7 Tedsion
5F,=0= 225 = Ebv
Edv :ZZ,f
I gy Edn =205
® 4 I LI T Rt R 0
zi_—fi-_,» Tfu= 0= -lz.g-22.5 ¢ HT
An u T WLz 135 " 1ens on
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Method of Joints

- example

30 " o Go™ 30"
Continue moving across the truss, “——)J'c o Lpuzsly 1 ot
joint by joint. Choose joints that sok| 1tk | gk D3z |30k
have only one unknown in each A [ 125k |/ 13k 975k N B
direction, horizontal or vertical. 30k €2 " 1 J —o-

1125k Al

T1= 135"

)

35k ¢
— ¥,

2Fy =0=-135+1T
TENsO M

peE ey

TFu= -B5+ILS+ET,

— _Euz31T

£l FJ Ele= El, = 3% gk

>yl T E) ={32.5% 57.57 1/35:23/':@1?
—

S &——- —> EF ?O_’:?J - 3% =0

sk (@) 95t
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Method of Joints - example
.. . 308 " Go* o™ 30"
Solve the joints with the most lo sk dpmeskle  le 1.
members last. 2.5k
30k] 1167k | 3182k | 5393k & 5l1< 9k | 30k
Check that all forces balance. 4 s s | e\ oraeN s
S W 1 R -o-
112 5k 127.5k

eoX
nes J, EF’

229-9/[\<—37 5

zzg é 375‘

TFu2O 2L H0.s 37,5 — EF
EF = 972,55 com?
NN

ZF, 20 =< 6D+ 205 #3514 =

Structures | University of Michigan, Taubman College Slide 16 of 19




Method of Joints - example

Inspect the final solution to see that
it seems to make sense.

30“ GO~ 4o o't 3°K
3OK"’) C 30k J112.5kl 97.5k.L ¢ 5 \L G
30kl 11677k 22? k 53Q3k 1379k | 30k
N\ 3.5k
A 112 5k 135k |_135k 97.5k B
ke # 1 J ;r "
llgk 127.5k
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Qualitative T or C

For typical gravity loading:

(tension=red compression=blue)

Top chords are in compression T N T
Bottom chords are in tension

Diagonals down toward center

are in tension (usually) T
Diagonals up toward center are ¥
in compression (usually) i y

0 T
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Qualitative Force

For spanning trusses with uniform

Ioading: (tension=blue compression=red) 3
F2er]

Top and bottom chords greatest at
center when flat (at maximum
curvature or moment)

peow J[Zox ] ok

Diagonals greatest at ends (near
reactions, i.e. greatest shear)

0 0k
(i)
N
sesassccandsciss
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