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Plane Trusses
Method of Joints

Definition and Assumptions
Nomenclature

Stability and Determinacy
Analysis by joints

Phéeodaria — Ernst Haeckel
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Definitions and Assumtions
of Truss Systems

2 Force Members

Pinned Joints

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

\ i

Foster Bridge, 1889
Ann Arbor, Michigan
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University of Michigan Architectural Research Lab
Unistrut System, Charles W. Attwood

Structures | University of Michigan, Taubman College Slide 4 of 19




Stability and Determinacy e
mw
of 2D Trusses ro3
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For each of the following N \/
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B) Unstable
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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

Vierendeel bridge
at Grammene, Belgium

ok 1 1 ﬁ Photo by Karel Roose
) HE 5 [=X

J
Salk Institute, La Jolla.
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Architect: Louis Kahn

Engineer: Komendant and Dubin
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Truss Analysis

Method of Joints

Method of Sections

Graphic Methods
James Clerk Maxwell 1869

M. Williot 1877 7 SR €
Otto Mohr 1887 ; Y \
Heinrich Miller-Breslau 1904 Cp— & F
William Baker, SOM \
James Clerk Maxwell
a

200k

Computer Programs

Dr. Frame (2D)
STAAD Pro (2D or 3D) B
West Point Bridge Designer ook SAEL

F

354k
A |
{450k }

145.0 k

-60.0 k

350k
450k
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Method of Joints - procedure

K
1. Solve reactions (all external forces) @ 3" J«go &
2. T & L Joints by Inspection B
3. Cut FBD of one joint 112
4. Show forces as orthogonal components )
5. Solve with £F,, and =F, (no M) ® 13%; i3
6. Find resultant member forces . |<—szi
(Pythagorean Formula) 30 & — &
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Method of Joints - example

DETEAMING ALL HMOABEL, FRefs LSNG M METHeD
o JolrTy |,

. (3 wiﬁ K [\ K
1. Solve the external reactions . L f@ iDF f”
for the whole truss. 30" — @ '
9
A . ®
ky <2 4 1 J —©-
/uv 4 mops @ 9 = 24 Te.
BicTions
Ta e e e e
iMeA=z0 = 30(3)+60(9) +60(12) +00(2F)
+30(36) - B, (36)
By(36) = 4590
l%\.//(r- >rz¢.5'< W
P
7F, 50 2 Ayt 1205 - 2(32) -3(ee\ = 0
Ay= 112:5 i
AT
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Method of Joints - example
30K eo® " o™ 20
2. T or L joints by inspection. zox__;Lc Ip e e — e
3. Cut FBD of joint
B
4. Show orthogonal components o :,;; " 1 5 x o
5. Solve by >F horz. and vert. 11;.[;k 127 5k
30K FF,=0= 304 AC
- =30 codf
@ 30'( i 6“'@ W
SFyeO= 30-Cv
Tic TP = 20" comt
/\_/\M/\/\
@ = l3o‘< TEp=0 = Fu (zero)
2 /W\A/\'
___> __]
ZFv =0 = ‘SOKJ- B
Tz 702 388 o,
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Method of Joints - example

30t " go* o™ 30"
Continue with joints having only cdes by lg le 1,
one unknown in either horizontal 30— ;
or vertical direction. Generally, 30k 30K
work starting at the reactions and AL ®
move inwards. ke M : 2 5 d
112.5k TS

SR=-30 +112.5 - 4o, =0
Apvzs—Z/fR _
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30 ¢ —H Y ‘ Fuz02 ~30 -82,5 + Kh
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i \LgoK ZF, 0= "30 +123.5 -BF,
@ - ¢ BE,= 97,5
S BF, =8F, = ¥2.5¢
' —
«— BF = 0155925 = 137.9% comP
ae— PaVaVaS av o W W N
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Teas® o ned o 3250
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Method of Joints - example
30k @0~ " o 30"
30‘__;],0 30k J,D lg le lc,
Continue moving across the truss, sok] 1167k 7ok | 30k
joint by joint. Solve by XF,, and XF,, . 4 L2k 75N B
30k € 4t 1 J -o-
T
112 5k 127.5k
éo* SEr=30+82.5 - pr. =0
CL—D’IZO< PE e = 'IZIS-K P
OFE b E Boliitew
BZ'fﬂTZI 'l TB, = 82.5 6o -BF = O
g PR
@5 Ver D= 22,5 TeNslow
5F,=0= 22,5 - EBv
Eiy T 22,5 e
= By = Evw = 20
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Method of Joints - example

"l lpunly  Le. o
i : C 30k b p1125k le
Continue moving across the truss, 30— p 2 — a

. . . . . 2.5k
joint by joint. Choose joints that so] 115k | a1pek 1379k | 30K
have only one unknown in each A [ 125k |13k 975k N #
direction, horizontal or vertical. 30k <7 4 1 3 5 -o-
112.5k 127.5k
. ZFu 202 -5+ 1T
35 ¢ T Tt
g v =os B Cepro)
TFu= -B35+97,5+ET,
— 3
g B T
\’L T EY ={375% 37.5° ,MP

ZZFV/O FJ’375 =0
s (O 95 AL UL
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Method of Joints - example
. . 30k @o* o~ o™ 30"
Solve the joints with the most J,C sk dpmesly e 1.
members last. 30" — 2.5k
30k] 1167k | 31.87k | 5393k 375‘{ 9k |30k
Check that all forces balance. N NN
i 4t 1 J 7% —o-
112 5k 127.5k

6ot ZFy20 IS - 27.5 — EF
.HZ§J, EF

e ﬁF 915 K comP
r\/\/\/\/wv
zz.;—é/{\e 315,

zzg ¢ 3?5 ZF, 20 = ~(D + 22.5 +3 4=
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Method of Joints - example

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

30\1'K j-;o“ io“ o 20"
C 30k 112 .5k 97.5kl¢ F . i
20" — — @
g 2.5k 20K
30k} 116« 31.82k 13¥.9k
53Q3k al7 5k
A 112.5k 135k 135k 97.5k ()
| ' I 737 o~
30k &— T " 1 T
Qualitative T or C
For typical gravity loading:
(tension=red compression=blue)
Top chords are in compression T T
. . N3 L ¥
Bottom chords are in tension
Diagonals down toward center
are in tension (usually) T
Diagonals up toward center are ¥
in compression (usually) iR Jy

£ 1
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Qualitative Force

For spanning trusses with uniform
loading: (tension=blue compression=red)

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

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