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Structures Il

Combined Stress

* Axial vs. Eccentric Load
 Combined Stress
* Interaction Formulas

from “Man und Frau den Mond betrachtend”
1830-35 by Caspar David Friedrich
Alte Nationalgalerie, Berlin
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Axial Stress

* Loads pass through the centroid
of the section , i.e. axially loaded

* Member is straight

* Load less than buckling load

Then:
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Eccentric Loads

* Load is offset from centroid
+ Bending Moment= P e

e Totalload =P +M

Interaction formula
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Combined Stress
» Stresses combine by superposition

* Values add or subtract by sign /
3 ©=<dl6

EELLLELL TR 1 = P/A

| B~ 1 - e/t
comp = tens
(&)
|l
Z ‘ *
¥ +M*c /1
axial loaded - small eccentricity -
uniform compressive linearly varying stress.
stress.
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large eccentricity -
tensile stress on part of
cross section.
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Example

CANOPY CONSTRUCTION PROJECTING FROM FACE OF BUILDING.

The supporting cable is pin-connected on the centroidal axis of the steel beam.

Reactions at face of building.

A
Co i | ?Go 4
s

5

W14x34

FOR THE W14x34:

Determine the magnitude and location of
cable the max. compressive and tensile unit

stresses.

- P

1. Determine external reactions

—_—
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Example

2. Determine internal member
forces: Axial and Flexural

3. Determine axial and flexural
stresses

University of Michigan, TCAUP

CANOPY CONSTRUCTION PROJECTING FROM FACE OF BUILDING.
The supporting cable is pin-connected on the centroidal axis of the steel beam.

AY!M, = (PDK

FLEXURAL = M = FL__Z?) = IOK(S') = 8o 'K
STRESS B

Axibiz faz % T 200 = GOKs

, o FOR THE W14x34:
Reactions at face of building. Determine the magnitude and location of
60k Ai 15K cable the max. compressive and tensile unit
stresses.
1
.
: S bidg.
W14x34 o
60k " ¢
= = = “—
2 I A A
10k 10" 10" 5"
Wi4x 34 A= 10.0 .
- Sy=48,6 3 —
Porce

L. M a0 (12Y,
rcxonsc = £ = V=80 g = 19.75Ks)
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Example

2. Use interaction formula to
determine combined stresses
at key locations (e.g. extreme
fibers)

University of Michigan, TCAUP

Cadpileo STRESS
ToP Swg
- c C
£y 2 = Lo+ = 25 3T K5 (come)

BoTloM o€ ¢
fa-f, = Co ~(9.35 ==12-F5 K\ (rene)
c T
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Second Order Stress
“P Delta Effect”

With larger deflections this can become

significant.

1. Eccentric load causes bending moment
2. Bending moment causes deflection, A

3. P x A causes additional moment
M —

University of Michigan, TCAUP
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Other Examples of Combined Stress

Columns with side loading

w
—
—p
—
—p
2
sl T F /ST
N N —
Moment frames
Trusses loaded on members
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Other Examples of Combined Stress

M =Fixe (AlUr THE 2-4xi9)
dse 3 * ~ Me=fane, (POAT THE 4-axs)

.___\ w| zx4 c24'ac. Eccentrically loaded columns
W + g EAST - HTA, T,

e
. HD |
13 rsfl
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Wind load on walls
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Combined Stress in NDS

Figure 3G Combined Bending and Axial
Tension

T

-

3.9.2 Bending and Axial Compression

Figure 3H Combined Bending and Axial

Compression
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Tension + Flexure
NDS Equations
I + o <1.0
CASE 1. Tension is critical. Eq. 3.9-1 .
*noC_
CASE 2.  Flexure is critical. Eq. 3.9-2 —
** no Cy Sy~ J, <1.0

T!

ﬁ:"]r‘ fb‘% @ﬁ*ﬂ@

TENS/ON + BENDING = COMBINED STRESSES
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Tension + Flexure ND<S

3.9.1 Bending and Axial Tension

Members subjected to a combination of bending
and axial tension (see Figure 3G) shall be so propor-
tioned that:

fib10 TENSIONCRIT.  (39.1)
t b
and
be_“ft <10 FLEXURE CRIT. (3.9-2)
b
where:

F,” = reference bending design value multiplied
by all applicable adjustment factors except
C,

F,” = reference bending design value multiplied
by all applicable adjustment factors except
C,

~—

University of Michigan, TCAUP

Figure 3G Combined Bending and

Axial Tension
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Example Problem

Given: Queen Post truss
Hem-Fir No.1 & Better

LOAD TO TOP
CHORD = w = IT6 t8/FT (P*S)

i 1 1 1

F, = 1100 psi —
F. =725 psi
F. = 1350 psi

E..n = 550000 psi

-—9<—’

} ¢

Lyy

span = 30 ft. spaced 48’ o.c.

8
S
R

D + S Load = 44 psf (projected)
D (attic + ceiling) = 8 psf

LoAD TO Borrom
CHORD = w = 32 (8/fr (D)
S —

bottom chord: 2x8/
top chord: 2x10 ~

Find: pass/fail

L+L£1.O
F, F*

Ji=Ticq
F}) %
1. Determine truss joint loading

University of Michigan, TCAUP

4 @ 7.5'= 30’

A
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Example (cont.)

2. Determine the external end reactions
of the whole truss. The geometry and
loads are symmetric, so each reaction
is V2 of the total load.

3. Use an FBD of the reaction joint to
find the chord forces. Sum the forces
horizontal and vertical to find the
components.

Top chord = 4.96 k compression
Bottom chord = 4.44 k tension

University of Michigan, TCAUP Structures || Slide 15 of 30
Example &
bottom chord 2x8 —+=x<10 [ 28 ey
Rk R S LS S -
= — Tac =4.44 K
and *AA C-Q-—’. 4440)&
f‘/f - L L= 15" l_
é}j <10 1 = ‘
40 b .
4. Calculate the actual axial and flexural ,f, f. - 44 - ’1 = 4083 pse
stress. t A 10.%15 A —_—
f, = 408.3 psi _
f, = 821.9 psi M 900 (12)
b 25 T 14w
5. Determine allowable stresses using Pt 3705 Py
applicable factors: M-= (:6—- = = Joo
e
(ten_Sion: D+S) Sx = 12, !4 l;“3
F¢ =F(Cp C)
F’ =725 (1.15 1.2) = 1000 psi > 408.3
: 4.1
(flexure: D+S) C:( 5 1.0 By 44
F,’ =F, (Cp C_Cp) /b =4 , EX7S ARE. HZLo

F, =1100 (1.151.0 1.2) = 1518 psi
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Example

bottom chord 2x8 AN !
L —=S 10 Size F. )
’ Size Factors, Cg
ll S} F, F | R
and Thickness (breadth)
£ g Grades | Width (depth | (D& 3" | 4
b-t<£10 LI & 1.5 15| 15| 115
Fb Select 5" 1.4 14 | 14 | 11
Structural, 6" 1.3 13 [ 13 ] 11
No.l & Btr, (€D (1.2 1.3 12 ] 105
5. Determine allowable stresses using No.1, No.2, 10" 1.1 12 [ 41 | iio
applicable factors: No3 12 10 L1LL:] 10 | 30
14" & wider 0.9 1.0 | 09 | 09
. S=115 DRGNS AL 1.1 1.1 | 1.1 ] 1.05
(t?nsmn: D}S')/ Stud 5" & 6" 10 |10 10 ] 10
F¢ =F(Cp Ce) 8" & wider Use No.3
F, =725(1.15 1.2) = 1000 ESi > 408.3 Construction| 2", 3", & 4" 1.0 1.0 1.0 | 1.0
t = - e Standard
Utility 4" 1.0 1.0 | 1.0 ]| 1.0
%3t 0.4 — | 04| 06
(flexure: D+S) _~
Fo =Fp (Co CLCp) 7 _
F, =1100(1.151.0 1.2) = 1518 psi
b TAEL\Z( v — ) ——_7p CL S l.o EDY 44'
b =4 | gows 4RE Hiwo
University of Michigan, TCAUP Structures Il Slide 17 of 30
Example
bottom chord 2x8
3.9.1 Bending and Axial Tension
Members subjected to a combination of bending <3 " l\)
and axial tension (see Figure 3G) shall be so propor- f
tioned that: t 408.3 321.9 (b
f.ho1o TENSIONCRIT.  Gou ¥, 1ese is1e ¢
BEh 0.4083 +0.5414 = 0.95
and 0.95 L 1.0 “pass L
itaF_gisl,o FLEXURE CRIT.  (3.9.2)
b
where: (3") = Z)

F,” = reference bending design value multiplied
by all applicable adjustment factors except
C,

F,” = reference bending design value multiplied
by all applicable adjustment factors except
Cy

University of Michigan, TCAUP Structures Il

e
{ 8219 - 403.3 = 0.2%24
g, 15tg
0.27 < Lo Vrass

—
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Bending + Axial Compression

3.9.2 Bending and Axial Compression where:

Members subjected to a combination of bending _ o
about one or both principal axes and axial compression f<F _0.822 Ema  for Clﬂ_lel' uma;qal
(see Figure 3H) shall be so proportioned that: ° " Bt (g, /d,)? edgewise bending or

AMPLIEIc ATT o biaxial bending
FA o and
PA EFeeT
_0822F.." foruniaxial Batwi
7 o f<F, min_  for uniaxial flatwise
T \ o2 -7 = 1.0 (3.9-3) o e "~ (¢,,/d,)* bending or biaxial
Foz [1 “W/ 7)) J - bending
and
1.20E
% B = 72""” for biaxial bending
(Rg)

(3.9-4)

fo1 = actual edgewise bending stress (bending load
applied to narrow face of member) , psi

fo2 = actual flatwise bending stress (bending load
applied to wide face of member) , psi

di1 = wide face dimension (see Figure 3H), in.

d2 = narrow face dimension (see Figure 3H), in

University of Michigan, TCAUP Structures Il Slide 19 of 30
Example
top chord 2x10
4. Calculate the actual axial and flexural stress. 2
e
f. = 357.5 psi ’ d
f, = 694.2 psi Fe Fos [1 (f"/FCEi )]
LOAD TO TOP (0 5‘)
= +
TR | CHORD = W =76 LB/FT
{ 1%V 1 { 1 -
w=136 PLF
2 49¢0 _.,}W «— 4ago”
z R oA
y 1.9
-
{ | S 7 ¥ T R ¥
LoAD TO BOrTOM i = P, A% . 3915 pst
CHorD = W= 32 t8/Fr (D) T A7 Lsxves
1|, 4 @ 7.5 = 30’ Jn M _ 12318 s (e 4?4.2 psi
'[b: Sx - 21.39
N pLE
53 P i = w:( 136 L(H)_ 1237.5 ¥
4,96 5 2
0.90 444 Sx 2 37
— Ty = 444K =
{aie
Structures Il Slide 20 of 30
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Example
top chord 2x10

f <

F’ R [1-(%,/Fees) ]

Loap ro0 TOP
( CHORD = &r = |76 L8/FT (P+S)

< in
~
i | 8
5
{ T ¢ ] ] 1 ¥ 1
LoAD TO Borrom
cHorRD = w = 32 t8/fr (D)
L 4 e 7.5= 30
1
w=136 PLF
4940 —WM — 4960*
(mq:aran\

5. Determine allowable stresses using applicable

factors:

(compression /D+S
Fo =Fc(Cp Cr Cp)

F. = 1350 (115 1.0 0.897 ) = 1392.7 psi > 357.5

(flexure: D+S)
F, =F, (Cp C. Cp)

F,’=1100 (1.15 1.0 1.1) = 1392 psi > 694.2

Ce
Ne = 5.33{' = ?'250

/(gA = w: 0.8

?‘) 08U Ewin 0,822 (750000) _ 3825,
B T (lefd)’ 10.86°

r 2 1350 (1115 16) = 55T 5 po

FE 3920 = =
°/¢ 2= 2.46 e¢:0.8

Ce =
University of Michigan, TCAUP Structures || Slide 21 of 30
Example
top chord 2x10 Figure 3H Combined Bending and Axial
e Eq 3.9-3 Compression
Al f
{_c . o < 10 ™ i
’ ¥
F. For [1 - (fc /FcEl )]
COMP. + FLEXURE X-X :
where:
EULER 1
fo< Fy = 0.822E.," for either uniaxial edge-
© 7 7 (£, /d,)?  wise bending or biaxial
bending
and : .
ComfrRLSStoM !
. EULER 2 Zz
fo< Fep= % for uniaxial flatwise 2
(£e2/dy) bending or biaxial bend- (C 57 7 . 3 i
ing —_— = 20.06%519
{
and F c l 3??- _\l
LTB
oy < FlJE _120 120E,, for biaxial bending
"R —_—
f,, = actual edgewise bending stress (bending
load applied to narrow face of member)
f,, = actual flatwise bending stress (bending
load applied to wide face of member)
d, = wide face dimension (see Figure 3H)
d, = narrow face dimension (see Figure 3H)
Structures Il Slide 22 of 30

University of Michigan, TCAUP




Exa m ple Figure 3H  Combined Bending and Axial
Compression
top chord 2x10 -

2
)

Foa' [ 1= (fc/Feea

f —FL’—' 35-7“.5‘@1

c

L‘;

Emin = 550 000 51

)]

4, = 8.385"
- ?. &
COMP. + FLEXURE X-X b g.zgass'@z) e
,&'A g 0wz O.38
( 925
where: £ = 0.822 ($50000) 1[
EULER 1 cer "o gg? 2
fi< Fyp = 0.822 Em;\l foy either 1_miaxia1 edge- = 3220 psl bl = & '74 : =0 .4‘? 6 7
(¢e,/d,)*  wise bending or biaxia 7 1392
bending Flpl
and
MPLIFICATIoN FACcToR :
fo< Fep= 0_8% xial flatwise A |
(£e3/dy) iaxial bend- [ o

[ -(3(7.5/3320) i 0.906 .

and
L 5
fb1<FD€—1%£fw>@bending 0.4987 (1-193) = 0.550
B — !

f,, = actual edgewise bending stress (bending
load applied to narrow face of member)

f,, = actual flatwise bending stress (bending ComBinvATior
load applied to wide face of member, -
PP ) 0.0659+0.550 = O.6l6
d, = wide face dimension (see Figure 3H) O
d, = narrow face dimension (see Figure 3H) &6l <10 ‘/1?45 S
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Combined Stress in NDS

procedure

Exterior stud wall under
bending + axial compression ~}

x4 @ 24“@.4,
GAST - HOA, M.

N —

Use axial load and moment to find
actual stresses f, and f,

3. Determine load factors

4. Calculate factored stresses
5.

@ G‘-
Determine load per stud “/‘f‘
3 rs:L

Check NDS equations pANE - ﬁ”'
s S oousLe 2« l(_’——— !
C oMPRESSEoN + TLLXUAL W @ ! x 005 —J\ Is.r
: "_T_> o~ o | 2 STues T Nsieanma A ’_i L :}x
@ N peedf °¢  SECTION 5306
el ’ < 1.0 (393 1 foF [4 L— swearnme %: )
Fe Fo [1 % @Fca )] S d
- RETTY Elerian Hotock - MK
Y — 1 nel
WALL SECTION F, = #75
Fb = |ooo P
B =400 o
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: , ?oa:f' _ .L Ng
Combined Stress in NDS prARE S s
example = o > 1"‘“’:'——)6

Joth | BTl
o x % 2
. N o~ e -t Cosvearama A7 515
Exterior stud wall under =~ Lo A 4306 4
bending + axial compression 13 fs¢ B | N smearuna L@Q&@
CRETT EAsran Hotock - TIW@AK
B — ne| -~
waug secrion  RTHI e )
Fo <1000 pu
E“f‘ :%006 Pl
. = LoAv/sTLY
1. Determine load per stud fi = Lodo/s
_— Pz 4sore oc . Ado td @r
Iz 12
wz 13KF e . 13 _é_‘( = 26 PLF /s1p
. . =t 12
2. Use axial load and moment to find Yk 5
actual stresses fc and fb tﬁg’ 2= e ( ?'5/’— !ZZ BL B
[~
¥
{; 7‘;: 'Z?z%u. [m 43 ps1 |
£ - % . AR | fEaE e
- ’ 2.06 w
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; : Size Factors, Cy
Combined Stress in NDS s —
example - B

Thickness (breadth)
Exterior stud wall under Grades | Width (depth 3~- 4"
nding + axial compression
bending + axial compressio 2" 3" @a) 15 15 | 15 |[Trasy
Select 5" 1.4 14 | 14 | 11
Structural, 6" 1.3 13| 13 [ 11
No.1 & Btr, 8" 1:2 1.3 | 12 | 1.05
No.1, No.2, 10" 1.1 12| 1.1 [ 10
No.3 12 1.0 1.1 | 1.0 [ 10
14" & wider 0.9 1.0 | 09 | 09
g 1.1 R TGS
Stud 5"&6" 1.0 1.0 | 1.0 | 1.0
£ =395 8" & wider Use No.3

WALL SECTION B = Construction| 2", 3", & 4" 1.0 10 10 ] 10

Fo =ioe0 Standard

B =400 o Utility 4" 1.0 03 ET0ABT0
oS E& 3 0.4 — | s
TdBLL=>F, = T3S pel B« 1000p]  Ead = 400 000 ¢4

3. Determine load factors (bending)

University of Michigan, TCAUP

FACTORS
Cp 2.:i; CWINDB i
gﬁ-_ Lo rer F) [l Ak
i ( BRACLR BY ¢)gATHING )
Cp = [15] (g2doey

Structures Il
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Combined Stress in NDS

example

Exterior stud wall under

- 4
bending + axial compression Fb - ??5 Jsit
2 &P -:l,é WNe CF o~ "g'ZX"’(
fi, 3 oy EH=—+0 épu 3 16 <
Fc Fbl [1—(fc/FcEl)] ,éz—:-w &i o ',0)<

Cr: 10 Coz 15

L

4. Calculate factored stresses

(bending stress) FL - 775()«0)(!.5")(1.15>
- 2139 )"92‘

_—

University of Michigan, TCAUP Structures Il Slide 27 of 30

Combined Stress in NDS

example ~
~ w B 2
Exterior stud wall under . 1+ (ch: /Fc ) 1+ (ch /Fc ) F. /FC*
bending + axial compression Co=—— - =
— 2c 2c c
Pz 9p0 P
Cv’
P F’i': l"oc(’-(’x('/{)‘-‘/é‘{o
4.5 Ly 2
K=1.0 foin, By = 0.822 (4eo2e0) doig,
—=  (g/35)* —=
c= 0.8
CP = 0 . 2} (/

3. Determine load factors
(compression)

University of Michigan, TCAUP Structures ||
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Combined Stress in NDS

example

Exterior stud wall under
bending + axial compression

2

4. Calculate stresses
(compression stress)

University of Michigan, TCAUP

P:/Ho fLF , » p ﬁl.s"
—_ %%’ﬁf 2x !(_,_,T,——
\J\ @ ' X Tl STUDS 3‘;
o~ o | N2 srwos ‘ \SHeArm;s A=5.5 ii
~ M:wjf @ so.c. SECTION 5,(’3_061..
8 /—’_SAIEATIIIM %: ’
L~ 2 877 Elorin HONock - TIMBICK
S el
wau secrion f T
F(’ = |000 ps
Eﬂh =‘W000 e
Actual Stress
[ A T
CZ AT 98

Factored Allowable Stress

|
Fl =

Structures Il

Cy Cr Cp
= (oco(teX 1S ) o 21) = &é,irs(
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Combined Stress in NDS

example

Exterior stud wall under
bending + axial compression

5. Combined Stress Calculation
(eq. 3.9-3)

University of Michigan, TCAUP

2

f,

<10

f
F,

+ bl
Fot' [1 - (fc [Fees

)]

COMP. + FLEXURE X-X
A
fe f“ I
— | + {1.0
A Fli ”(ryﬁ,m) h
(A
171.4] . 8% [
seed] 231 1-("Yus)

0.196% + (0,4095) 1.728) =

0.1963 + ©0.707} = 0.9

045 gl.o Vok
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