Allowable Stress Design
* historical method

- a.k.a.
working stress, "
stress design

 stresses stay in
ELASTIC range

lecture

design methods K&
& beams Forurh, Pompeii i o e ; .
Allowable Stress Design Limit State Design
* codes * stresses go to limit (strain outside
—wood : elastic range)
« National Design Specification — - loads may be factored
» Manual of Timber Construction (glulam . .
Hator ! struction (glulam) « resistance or capacity reduced by a
— masonry - | factor ,
* Masonry Specification Joint Code ) )
_ steel » based on material behavior
. Steel Joist Institute - “state of the art” T e
« American Institute of Steel Construction s i gov
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Limit State Design Reinforced Concrete Design

« codes « ultimate strength design
— wood =olnos » ¢ factor applied to capacity
* National Design Specification g TEx, 6 — different for flexure, shear, bearing....
— masonr :
y . , » factors applied to loads (ASCE 7)
* Masonry Specification Joint Code ] o
— may be different for combinations
— concrete
* American Concrete Institute U=12D+1.6L
« Precast & Prestressed Concrete U=1.2D+1.0W + 1.0L
— steel :
« American Institute of Steel Construction — can use alternate values & factors (older codes)
Reinforced Concrete Design Reinforced Concrete Design
- want steel to yield first A i
— ductile failure o { ——————— S I oo
— underreinforced L il T T AR
- find flexure capacity or resistance from o swn e e foos
— ultimate stresses in steel e,
— “uniform stress block” in concrete

the section causes the stresses in the top
flange to be lower than stresses in the web
of the member. Concrete is used at the top
and steel where the section is assumed to be
cracked.

Methods & Beams 7 Architectural Structures Il F2009abn Methods & Beams 8 Architectural Structures Il F2007abn
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Steel Design

Plastic Design

+ load and resistance factor design
like concrete, but capacity related to material

R <
load factors _/ N nominal strength

load types resistance factor
R, combinations, ex:
- 1.4D
- 12D +1.6L
- compression ¢ = 0.85

- capacity B, = A/F.,
Methods & Beams 9 Architectural Structures 11l F2009abn
Lecture 4 ARCH 631

Elastic vs. Plastic Behavior

* bending & beams .
. 2
- all of material T T T
: RIARRREEE .
sees ultimate EHERERZEL - LA
74 Tt YD S N O A
stress S e
2 s [ [ 1 | | pude”) |
* refers primarily ifw ,{/M/
to Steel behaVIor %:’:“ ~4L&‘4 Fi?i-f mf’}m»:}”.‘ L lTa'rer‘&'
. szfWN IléfE(éfmin 51 )t | i
« statically e s
indeterminate BT STRAIN NN,
Syste m S Figure 5.20  Stress-strain diagram for various materials.

Internal Moments - ALL at yield

 Hooke’s law valid
f=Ee¢

« yield point is end of
elastic range for a
ductile material

fy=50ksi

» continued strain
with no more load

&€

g, =0.001724

Methods & Beams 11 Architectural Structures 11l F2007abn

Lecture 3 ARCH 631

« all parts reach yield
« plastic hinge forms
* ultimate moment

« A =A

tension compression

M, orMp:bczfy:AMy

Methods & Beams 12 Architectural Structures 1l F2007abn
Lecture 3 ARCH 631



Plastic Hinge Development Plastic Hinge Examples

; ¥ * stabilit be effected
stapllity Can pe etrecle
G e ¢ T ¢
—] ——
\: N
= =]
| V;
ELASTIC N ELASTIC ——c
= U — ’
= % Y
{a) M= M hiM=M
Y y
%
Y y
PLASTIC —0) _
= B : .
e A S
o ]
e s
ELASTIC —H— 1 —
— PLASTIC —
PLASTIC ¢ o P Ty
M, M =M
Methods & Beams 13 Architectural Structures 11l F2007abn Methods & Beams 14 Architectural Structures 1l F2007abn
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Plastic Section Modulus Beams

" Sees Sy B

— bending Vertoa
—shear Jjﬁ':l‘:q' Hm'ss
~1.1foran | I K = % — deflection E:iﬁfm;“"e“

— torsion s

« plastic modulus, Z M — bearing ET——b v
L=—"- * Cross section shape )

(Excessive de-
y Transverse Loadings

e shape factor, k e transverse loadin : endng
b M 9 e e
M y

= 3/2 for a rectangle

formations)

Methods & Beams 15 Architectural Structures Il F2007abn Methods & Beams 16 Architectural Structures 1l F2007abn
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Beams

* maximum stress distribution

* principal stresses
— resultant of shear and bending stress

\ 7 ®
[ /
\ lcovpressieN /
L NBUTRAL AXIS /
TENSION ——— ]
Figure 5.34  Stress trajectories in a beam
(flexure).
Methods & Beams 17 Architectural Structures |1l F2007abn
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Beams

» deflections

d’y M(x)

—- =Ccurvature = ——
El

Figure 5.4 Bending (flexural) loads on a beam.

U.Washington — ENGR 220

* design:
— bending stress not exceeding allowable or
limit stress

Fo>f =M g

| req'd

M
>
I:all

Methods & Beams 19 Architectural Structures Il F2007abn
Lecture 3 ARCH 631

Beams
* bending stresses
dominate

 shear stresses exist
horizontally with shear

* no shear stresses
with pure bending

Methods & Beams 20 Architectural Structures 1l F2007abn
Lecture 3 ARCH 631



Beams

* V & M drawings help determine M, .,

Ve V =%(—w)dx

' . M =3(V )dx

L
— inflection points where slope of M=0

Methods & Beams 21
Lecture 3 ARCH 631

Beam Design

Beams

Architectural Structures Il F2007abn

1. Know F_, for the material or

f,for LRFD
2. Draw V &M, finding M__ h

b
3. Calculate S,

4. Determine section size 6

Methods & Beams 23
Lecture 3 ARCH 631

* prismatic (constant cross section)
— maximum stress < maximum moment

* non-prismatic

— S varies -

M

®

Methods & Beams 22 Architectural Structures 1l
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Beam Design

F2007abn

Architectural Structures Il F2007abn

4*. Include self weight for M, .,
— and repeat 3 & 4 if necessary

5. Consider lateral stability

Unbraced roof trusses
were blown down in
1999 at this project in
Moscow, Idaho.

Photo: Ken Carper

Methods & Beams 24 Architectural Structures Il
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Beam Design

5. Consider lateral stability (cont)

» lateral buckling caused by compressive
forces at top couples with insufficient

rigidity

« can occur at — -
low stress levels

» stiffen or brace l

Methods & Beams 25 Architectural Structures Il F2007abn
Lecture 3 ARCH 631

Beam Design

Beam Design

6. Evaluate shear stresses (cont)
» thin walled — open or closed

Methods & Beams 27 Architectural Structures Il F2007abn
Lecture 3 ARCH 631

6. Evaluate shear stresses - horizontal
W and rectangles . 3V Vv

maxZZA""A\Neb

Methods & Beams 26 Architectural Structures Il F2007abn
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Beam Design

7. Provide adequate bearing area at

supports . P .
P A e
A —EPE o /m

8. Evaluate torsion
* Cross section

_Ir
J

Methods & Beams 28 Architectural Structures Il F2007abn
Lecture 3 ARCH 631
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Beam Design

o

bl
Methods & Beams 29
Lecture 3

8. Torsion (cont)
* round-ish

T = _J
J = 1 C4 TABLE 3.1. Coefficients for
) T Rectangular Bars in Torsion
‘ a/b [ Cy
10 [+ 0208 | 0.1406
o 12 | 0219 | o0.l661
reCtanQUIar 15 | 0231 | 0a19s8
T 20 | 0246 | 0229
25 | 0258 | 0249
T - a0 | 0267 | 0263
max 2 40 | 0282 | o028
Cl ab 50 | 0200 | ooo
00 | 0312 | 0312
) 0333 0.333

Architectural Structures 1l
ARCH 631

Beam Design

Beam Design

8. Torsion (cont)
* open long sections

I
—1|=h T

[
I

9. Evaluate deflections

Ymax & lOcCation
!I. gy
o7
\4" -
: = .
O=
i
Of y

Methods & Beams 31
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Architectural Structures Il

F2007abn

Deflection Limits
» based on service condition, severity
Use LL only DL+LL
Roof beams:
Industrial L/180 L/120
Commercial
plaster ceiling L/240 L/180
no plaster L/360 L/240
Floor beams:
Ordinary Usage L/360 L/240
Roof or floor (damageable elements) L/480

Methods & Beams 32
Lecture 3
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Continuous Beams

* loading pattern affects
— moments & deflection

Continuous Beams
« statically indeterminate
» reduced moments than simple beam

. [ i wi w/ w/
sffective m:ﬁg‘;';ﬁﬁ'ﬁ.rvame sctual span 10 B
changes drection) effective inflecti int S
lection poin
span (ne mamenr:‘ ne bending) 4 ‘;\ 8 / ¢ ! b
LG T W ey ax
F"l‘\/—l\ Ry=0400w/ M Rg=1.10ws Rg=1.10ws Ap = 0.400ws
0.500w/ 0.600 w/
04007 | T T T T e 0400wz
CONTINUOUS BEAMS (deflection diagram) s l_ui_ 0600 w7 o500m7 I
actual span
effective pinned joints at -0.100w/ 2 —0.100w/2
span inflection peints
s . 7 \ @ 00250ws? /(m\l\ +0.0800 w22
[ S I
oner T U]
0.400/ 0.500 / 0.500/ 0.4007
GERBER BEAMS
- 4
{b) SIMPLE BEAM Aay (04467 from A or D) = 0.0069 w/ 7 El
Methods & Beams 33 Architectural Structures |1l F2007abn Methods & Beams 34 Architectural Structures |1l F2007abn
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* unload end span « unload middle span
w/ wi w/ w/
1 0 5 1w —= — ) O
A N B / c / D A B 4 / c 7 D
= 0.383 JAY Rg= Ap=0.450 Ry=0.450w/ 2 max Rg = 0.550 w/ Rp=0.550 w/
3,=0383w/ — max g = 1.20w/ o= 0.450w/ Rp=-0.0330w/ =0 g = 0.550 Wi o= 0RU W, Rp=0.450 w/
0.383w/ 0.558w/ TT]TF["‘I‘rN £.0530wd T T T I T I I I T I I 1]0.0330 w/ 0450w/ Tl‘i‘v—;—...__._ | 0.550w/ Tﬂ‘[‘]‘“rh-v‘ 0.450 wi
s N U I P I PV L ssows Y
2
~0.117 w2 ~0.0500 /"
_____ 2
+0.0735ws? +0.0534ws2 P -0.0333w¢ 2 +0.101 wi2 \ N +0.101 w!
T I T T I I rrrrr e |
Vet SO Verent pinii pastiil
0.3837 0.5837 0.4507 0.450/
4,
Amax (04307 from A) = 0.0059 wt Y EI A ax (04794 from A or D) = 0.0099 w/ *7 E1
Architectural Structures 11l F2007abn Methods & Beams 36 Architectural Structures |1l F2007abn
Lecture 3 ARCH 631

Methods & Beams 35

Lecture 3 ARCH 631



Beam Materials

* timber
glu-lam wood
concrete
steel
remforced masonry

'n" e
Vy,, 2

Methods & Beams 37 F2007abn
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Tools — Multiframe

» frame window [ e
&

NIWTELZE &) a o]
— define beam members
assign section
[ _toad
add point or distributed [+ e > s

"~ };1 A ﬁh‘
— select points, assign supports (
— select members,
* load window
— select point or member, ___
loads ‘ v
[Member 21

Methods & Beams 39 F2007abn
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Tools — Multiframe

* in computer lab

e =]+ [ »‘

=1oix|

(o]
EEEEEEE
¥y 5085
2.308:
713 | 1535| )
25‘53 0873 1.446
4938
-0 x|

[Elexa L)t

v 567
DT 0241 ST
2829 =
082 %0

Applied Architectural Structures
ARCH 631
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Tools — Multiframe

F2007abn

* to run analysis choose

— Analyze menu
* Linear

Monlinear...
Buckling...
Madal...
Time history...

R Plot

Case [ Analyse | Time Window Help
i

* plot

BRI

— choose options

— double click (all) .

[ _resuk
° resu ItS Static Case: Load Case 1
Rx* mz"
Joint | Label \ip I;Rrin Kip-it
1 1 0.000 -0.000 0.000
-_ Choose 2 2 0.000 9250 0.000
3 3 0.000 G102 0.000
Options 4 4 0.000 3093 0.000
i ) 0,000 1.396 -0.000
& Total (Global) ' Rx=0.000 Ry=19.843
Methods & Beams 40 Archit [« : ( Displacements ) Reactions || 4 AW
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