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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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Qualitative T or C

A

For typical gravity loading:

(tension=red compression=blue)

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

Diagonals down toward center

are in tension (usuall 1T
Diagonals up toward center are ¥
in compression (usually) i 3
1 +
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Qualitative Force

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

Curved top chord:
more even chord forces

Flat top chord:

Top and bottom chords greatest at
center (at maximum curvature or
moment) and diagonals greatest at
ends (near reactions, i.e. greatest
shear)
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Truss Analysis

Method of Joints ‘/
Method of Sections

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

Computer Programs

~7 Dr. Frame (2D)
STAAD Pro (2D or 3D)
West Point Bridge Designer
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Method of Sections

« Makes use of all 3 statics equations: &Fx, EFy,@

« Can solve some statically determinate trusses that
cannot be solved by joints.

« Can solve for most members directly.
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Method of Sections - procedure

o. L L

1. Solve Reactions
2. Cut section through truss

3. Choose point where all but
one of the unknown forces
cross and *M

4. Continue with £F, and XF,,
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Method of Sections - example

+
1. Solve the external reactions for the - 4 g
whole truss:. —
& E .
N 6
M -
K L (~] P
Sum moments about each end. Or Q g'
using symmetry, divide vertical J T H a L

forces evenly between reactions

ReACTioNS :
Mg, =© - - O
s 's561z) + s0(EA) + 036 YER2(48") < r" _vr Pow”
R, (d8') = 3¢oo FS 4314 = o606 +53
Kl - 75- <
P——r N
SMe, 2O .y . , Z Lokos = 150
Rz :‘\'Kl(“g)" 50’(55' )__5.07247_‘;0%2,3 Z l{ _
RA®) = 3600 2L =
g, = 75 2
A
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Method of Sections - example
2. Solution proceeds by cutting FBDs of e % LZ{'
either joints or sections of the truss. A E~——v‘-—
N 6’
K L M (] P D
Member forces are shown as A 2 \F |g
horizontal and vertical force > T H a L,
components at each cut section. T 4 |8 ¢ 2! \L 2! . T—#
50K 50" ;OK. 75k Rz
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Method of Sections - example

2. Solution proceeds by cutting FBDs of [ = P L,,T
either joints or sections of the truss. <
: v / \- X E "
Member forces are shown as | | N e
horizontal and vertical force “ k) |t M o |P e
components at each cut section. A a \F g
83.9k
. J T H ] -
3. Choose a point where all but one of T 437 12! ‘L 12! g 4 T
the forces cross and sum moments. R 175k o Sor o o lke

e

3. Bv
4 428 Bu

B, = 43.2’K\L
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Method of Sections - example

4. Continue with XF and ZF,,

Member forces are shown as
horizontal and vertical force
components at each cut section.

Ag.21¢
4280
2
{ .
N o
Ke?
= .1<
TK" 31.5 5~
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K, = 26781
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Method of Sections - example

Continue with F, and XF,,

Member forces are shown as
horizontal and vertical force
components at each cut section.

VA
LG 124 4/
SRR /L
6\/ = E 1
80.3k N N 6
K |&v o |P O
F 5
839/: 379 23.2k Y (] &
J 7 T - H } 4 -~
T437-5§' \J//(""%‘é'/‘]/ 2t | 8 4'T
K - 1< 119 K
Ri 175K 50 So 5o 75k K2

S F o= 26,78~ 50" L

) 2
& J, > [ =23225T
50" SE, 20 = - 30.5726.76+1
I= (4.28%T
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Method of Sections - example 22.2 \
. . c ‘ ¢.C
2. Solution proceeds by cutting FBDs of i
either joints or sections of the truss. ® ™
Member forces are shown as —
horizontal and vertical force K L
components at each cut section. A
J T 6428
3. Choose a point where all but one of T 12" e l'\
the forces cross and sum moments. 75% J/SOK
Cv
ZHX =0 \.L{:_—C
_K ! IS ' , C -7 H
=¥ (24') -s0"(1") - culis') =
culig) = 1Zoo B M !
"&C ) K v H 3 6Gé&.¢ /’\‘ 18’
CH = 66.6?‘ & —_ = —— [ {
—_— v L 2t.2 K L \ ,
K A \
C-Vf— ZZ.ZZ-J’ J r \\'x
K F . = -“ 28
= fo,27F c o\
9\/\/\?_/\./\/\/ T K (Z—l L K 'z-‘ (
75 50
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Method of Sections - example

4. Continue with XF and XF,,

Member forces are shown as
horizontal and vertical force
components at each cut section.

2Fz0=175-50-2212 - M, =0
“My=2.385) 7.2.33
M“ - 2'35w38

S YMMETRIC
K
M= 3.6 T vk c % v
AN 66.67 _ —3 d (———(p(p,é;l
/z.z.u'a.\/ Tizd,zz" v

Sz O= bbbt +2.38+ T

K
— 1=44.21°T o T
’W
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Method of Sections - example

5. Make final qualitative check of
solution.
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Tips on Sections

Howe Truss
1. Cut a panel with diagonals
2. ZM at L, and resolve upper chord o 7
force at U,. This gives U,U,H L
3. M at U, to find L,L, T %,

4. XM at U, and resolve U,l4 at L, to
find U,L,H

5. M at L, and resolve U,L, a
find U L,V

6. U,U,V can now be found by XF, R,
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Tips on Sections

Parker Truss v v
1. Cut a panel with diagonals and .
M at L, to solve U,U,H as EN vl t,
R, z

before.

2. ZM at U, to find L,L,

3. ZM at U, and resolve U,L,at L, to
find U,L,H
v AL

4. Find point x in line with U,U,. M
at x and resolve U L, at L, to find
U,L,V

5. U,U,V can now be
found by ZF,,

Lo
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Tips on Sections

K Truss " e
1. Make cut A-A to avoid the mid panel '
joint ‘
Lp N '
2. IMat U, to get L,L, T, L'l s t,

3. ZMat L, to get U,U,

4. The vertical web forces can be
solved using joints

5. Cut B-B through the diagonals

6. XM at U, and resolve lower diagonal
at L, to find its H component. The V
component can be found by slope
triangle. Top and bottom chords are
known from steps 2. & 3.

7. Repeat step 6 by XM at L, to find
other diagonal.
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Examples of Trusses

o

Hamburg Airport — steel tube truss Concrete Truss — Kilburn Rd. Bridge, Calif.
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Trussed Lateral Bracing

Diagrid Towers

John Handcock Tower - 1968
875 North Michigan Avenue, Chicago
Fazlur Kahn, SOM

(a) Hearst Tower in NY (b) Poly International Plaza tower in Chaoyang Qu
(c) Capital Gate tower in Abu Dhabi  (d) 30 St. Mary Axe in London, Tony Fitzpatrick
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Optimized Principal Stress Grid

Figure 1. (a) Original Michell's minimum frame [9], (b) structural design by Zalewski and
Zabtocki [105], and (c) CITIC financial centre in Shenzhen by SOM [105]. William Baker

(a) (b) (c)

Structures | University of Michigan, Taubman College Slide 22 of 22




