ARCHITECTURAL STRUCTURES:
Form, BEHAVIOR, AND DESIGN
ARCH 331

Dr. AnnE NicHoLs

SUuMMER 2014

eight

bending and shear stress
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Beam Bending

o Galileo

— relationship between
stress and depth?

* can see
— top squishing
— bottom stretching

 what are the stress across the section?
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Pure Bending

* bending only
 no shear

* axial normal stresses
from bending can be
found in

— homogeneous materials
— plane of symmetry
— follow Hooke’s law
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Bending Moments

* Sign convention:

\J M

* Size of maximum internal moment will
govern our design of the section
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Normal Stresses

* geometric fit

— plane sections
remain plane

— Stress varies linearly

—i *—Jt__lr j%_L_-F_L:;L#“"Jﬁ

__|r.a-"1

R +- A

s . ¥ Ef  JOp L P
Figure 8.5(b)  Beam bending under lond.
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Neutral Axis

» stresses vary linearly

e zero Stress occurs at
the centroid

* neutral axis is line of
centroids (n.a.)
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Derivation of Stress from Strain

* pure bending =

arc shape
L=R0O
outSlde_ (R‘|‘y)9
g:é: Loutside_L — (R+y)9—R€ :Z
L L RO R
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Derivation of Stress

e zero Stress at n.a.
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Bending Moment

e resultant moment
from stresses =
bending moment!
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Bending Stress Relations

LM My f
R El / C

curvature general bending stress section modulus

%4 M
fb — Srequired 2 F

b

maximum bending stress required section
modulus for design

Beam Stresses 10 Architectural Structures Su2014abn
Lecture 8 ARCH 331



Transverse Loading and Shear

* perpendicular loading
* Internal shear
* along with bending moment
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Bending vs. Shear in Design

* bending stresses
dominate

 shear stresses exist
horizontally with shear

 no shear stresses
with pure bending
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Shear Stresses

* horizontal & vertical

S "cut section from foar
beam; slice In half, then
reassemble as shown

reglace and
hold with tape
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Shear Stresses

* horizontal & vertical

front side shows
vertical snear

back side showe
horizontal shear
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Beam Stresses

* horizontal with bending

long sand bag
/ (distributed load)

H""\ ‘

\ draw vertical marker lines
before loading to show
horizontal shear movement
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Equilibrium
* horizontal

force V
needed
V0
I/Iongitua’iml = ]}

e Qis a moment area
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Moment of Area

* Q is a moment area with respect to the n.a.
of area above or below the horizontal

* Qpoy at y=0
(neutral axis)

* q IS shear flow:
q —

I/longitudiml i VTQ

Ax I/
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Shearing Stresses

V V
/. " Ad b-Ax
Vo
fv—ave I [b

* f._=0onthe top/bottom
* b min may not be with Q max
» with h/4 >b, f, ... < 1.008 f, ..
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Rectangular Sections

bh’ bh
[ =—— Ay
= Q=4A4y= /

Vg 3V

/= b 24

* f.,.max OCCUIS at n.a.
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Steel Beam Webs

e Wand S sections
— b varies

— Stress in flange negligible

— presume constant f
stress in web AR

.y
24 4,
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Shear Flow

 loads applied in plane of symmetry

« cut made perpendicular ;- 4%
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Shear Flow Quantity

« sketch from Q
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T
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Connectors Resisting Shear

» plates with
UEUS
S IVES
— bolts

» splices V
)

ongitudinl VQ

p /
V
nF > Qconnected area p

connector [
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Vertical Connectors

e jsolate an area with vertical interfaces

F > VQconnected ared

connector — ]
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Unsymmetrical Shear or Section

 member can bend and twist
— not symmetric
— Shear not in that plane

 shear center
— momes balance

all = q ds
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