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special approach for treatment of frames that exhibit sidesway will be
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Lesson 7
Approximate Methods and Moment Distribution

Classical Methods of Structural Analysis: — Introduce the Moment Distribution Method for

- continuous beams and frames.
How we did it before computers o _
— Apply Moment Distribution to frames when sidesway

is permitted.
Night School 20 — Use slope deflection to develop a technique to check
Lesson 7 the math in the process of moment distribution.
. — Look at ways to simplify multi-story frames for gravity
Approximate Methods and Moment load analysis.
Distribution — Develop and compare the Portal Method and the

Cantilever Method for multi-story frames.

Smarter. Stronger. Steel. Smarter. Stronger. Steel.

Moment Distribution Moment Distribution
* You can get 80% of the truth with a simple * Hardy Cross taught the method of moment
. distribution to his students at the University of
approach to structural analysis. llinois in 1924.
* The most complicated approach will get you at * He first published the method in the Proceedings
best an additional 10% toward the truth. of ASCE in May, 1930.

* During the years after its publication, it received
much attention in professional journals.

Attributed to Hardy Cross * Up to the time of the introduction of modern
computing capability, it was perhaps the most
widely used method for analysis of multi-story

_ structures.

\,E Smarter. Stronger. Steel. \.; Smarter. Stronger. Steel.
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Moment Distribution

* Two properties that we developed for use
with Slope Deflection (Lesson 6) will be useful
for Moment Distribution.

— Absolute stiffness: The moment required to
produce a unit rotation at the simply supported
end of a beam when the other end is fixed.

— Carry-over factor: The relationship between the

moment applied to the simply supported end of
the beam and the resisting moment developed at

the other end.

Smarter. Stronger. Steel. 1

Moment Distribution

* For prismatic members, the absolute flexural

stiffness, K 5, is
AEI

K= I

and the carry-over factor, C;, is
1
CAB :E

Smarter. Stronger. Steel. "

Moment Distribution

* Relative Stiffness: In one of the examples from
Lesson 6 we introduced the concept of relative
stiffness, K'. It will be helpful to formalize that
for moment distribution. Since 4F is a constant
we can ignore it in our relative stiffness.

: AE 1
Absolute Stiffness kK, =—28-4
LAB
. . ,
Relative Stiffness K, =-4
LAB
\vs Smarter. Stronger. Steel. .

Moment Distribution

* Sign convention: clockwise on the end of the
member is positive. Thus, counterclockwise on
the joint is positive. (The same as for slope deflection)

Q_D ( ) C—E Positive moments
+ +

l
a_)_c )+C Fixed end moments

\.g Smarter. Stronger. Steel. 1
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Moment Distribution Moment Distribution
* Distribution Factor: The portion of the * If the members have differing stiffnesses,
moment applied at a joint that is induced into \
. L I 4E(100) 4E (400)
a specific member at that joint. My=—"—8, Mec=——"8,
Y Lie=400 |
4E] 4E] 4E(200 4E (300
¢ \ M, = LABeA M, = LACeA M, ‘; M,,= (L )eA M, = (L )eA
\ AB AC _- / 1,,=200 D
M, |, _4El _4El B L;=100%| A~z
A a D, Man = A:DeA " A:EGA "’ . 0, MA=MAB+MAC+MAD+MAE
ﬂB } A~ v \\ 1,;=300
' ‘e, M,=M  +M, +M,,+M,, Le 4E(1000)
) If each of 4 members have the same MA = L eA
stiffness, each member will take % of the O
moment M.
17 18
Moment Distribution Moment Distribution
* If the members have differing stiffnesses, * Distribution Factor: The stiffness of the member
framing into a joint divided by the sum of the
¥ 4E6, _ M, stiffnesses of all members framing into the joint
P L (1000) “
C
M oo _ 100 _400 :
- I—’ — AD = AB — 1000 A Ac 1000 4 y \‘ K
an= AT 200 300 A S —\d
( GA ap = T My w=T——M, £ — g °F DFNF ZK
\\ L, =300 1000 1000 A B \ A - ¥ N
i
E The moment, M, will be distributed according ‘\ \&GA
= to member stiffness with respect to the total \
stiffness at the joint. E
-
1 Smarter. Stronger. Steel. 5
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Moment Distribution

* Introduce Moment Distribution with a simple
example.

20/t |
|

wiz 2(20)
e

* 2(20)
FEMM=%= (12) = 66.7 ft-kip

=—-66.7 ft-kip

/) Smarter. Stronger. Steel.
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Moment Distribution

w=2k/ft

S k
Ta 2] 7%.8 (1] c®
/

| 20f | |

| | |

, 21 , 1
KAB=%= KBC%_I

DF,, = 2 0.67 DF,.= ! =0.33
P (2+1) o (2+1)

Moment Distribution

w=2k/ft

AR K
a2 7%73 1] ck

| 20f T

| | \

-66.7 66.7
N\ S k. Fixed end moments
R kB K onthejoint

4 \ c
-66.7

ShY ’\l Clé Release joint B and
§I‘112(7661) 2(766,7)7% 1(-667)  1(1(=667) apply -66.7 ft-kips to

5[ 3 ] 3 3 5( 3 put that joint in

=222 =-444 =222 __jp equilibrium.

) Smarter. Stronger. Steel.

American Institute of Steel Construction

Moment Distribution

-66.7 66.7
ShY rk I Fixed end moments
A A/ NRp ¢ onthejoint
-66.7
Q'\ L | rk Joint balanced
MZ.Z —44.4 él—ZZ,Z 711\1'§
7
w =2 k/ft
Q'H'liill'il‘“'l I sum of moments
Yo 2 As 1] c®
-88.9 227000 —11.1
\ 20 ft | 20 ft |
[ T |

‘ 11.1 ft-kips
88.9 ft-kips 22.2 ft-kips

J Smarter. Stronger. Steel.
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* Consider the same beam with end C a pin.

Classical Methods of Structural Analysis
Session 7: Approximate Methods and Moment Distribution

Moment Distribution

w=2k/ft
AP 7%3 ] cg
/
\ 20 ft ’ 20 ft |
\ | !
, 21 , 1
KAE=2—O:2 KEC:?OZI Nochangein

relative
stiffness or

distribution

DF,, =%=O.67 DF,. =%=0.33 factors

/) Smarter. Stronger. Steel.

w=2k/ft
a2 L8 g
7 Y
| 20 T
| | |
2 2
FEM ,, o 2(20) =-66.7 ft-kip No change in
122 122 fixed end
FEM,, =%= 2(1220) =66.7 ft-kip moments
25
Moment Distribution
-66.7 66.7
P G E Fem
1 S o
—66.7
Sh ~ & Joint B balance and
Ng(z(, 6.7)) 2(~66.7) é!(—&ﬂ) [1(—():% carry over
2 3 3 3 - =-11.1
=-222 =-44.4 :7232.2 2 3
3 Y £~ 11 ’ointCbalance
D | ) 1(121_1)=5.6 \Y : and carry over
-5.6
SA [ £t Joint B balance and
§I042(—5.5)] 2(-=5.6) 11(75_5) 1 l(—S.é)\k carry over
2003 ~ 337 3 E(f}—o.g
§|=_19 - 4\\771'9 £~ 09 JointCbalance
B | and carry over
e
=5 =045

American Institute of Steel Construction

Moment Distribution

—0.45
?l ’\l k Joint B balance
2(-0.45 2(-0.45 .
%[ ( . )] ( ’ ) & 1(4;45) 1[1(70_45)] and carry over
—_0.15 =-03 =-0.15 2003
=008
w =2 Kk/ft

Summation of

a2 37%.8 [1] c% moments
-91.0 18.3//7-182  -0.08

20 T
|

! | Essentially zero

91.0 ft—kips' 18.3 ft-kips 0.08 ft-kips

y. Smarter. Stronger. Steel.
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Moment Distribution

* The first approach to this tabulation was to
write the numbers under the beam in a way
similar to what we just saw in the preceding
two examples.

* However, when the structure under
consideration is more complex than just a
beam, such as a frame with columns and
beams, this tabulation approach can become
messy.

Smarter. Stronger. Steel.

Moment Distribution

* Thus, a useful approach is to use a table,
completely disconnected from the graphic of
the structure. For this example this will be:

Joint A B C
Member AB BA BC CcB
K 2 2 1 1

DF 0 0.67 0.33 1

FEM -66.7 66.7

Note that the fixed 222 < 444 222 —> 111
end just keeps 56 <— 111
soaking up the 19 €= 37 1.9 —> 09
induced moment. 045 <4~ 09

How do we know

0.15 <— 03 015 1> ?
— when to stop?

Total -90.95 18.3 -18.2 0

Smarter. Stronger. Steel.

Moment Distribution

* Note that when the far end is a pin, we do the
same thing every time.

Joint A B
Member AB BA BC CB
K 2 2 | 1

DF 0 0.67 | 0.33 1
FEM

When a moment is
induced into the near
end (-22.2), % is carried
over to the pin (-11.1)
and then -% of that is
carried back to the near
end (5.6) and the pin
remains at zero.

American Institute of Steel Construction

Moment Distribution

* The absolute stiffness of a beam with the far
end pinned can be helpful in this situation.

Kypy=M
0,=1

ANAS - - 8
[ L
| Ml |

e

EI
A B

0,=V, :7]7 1

\.E Smarter. Stronger. Steel.
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Moment Distribution

* Absolute stiffness
M

AB

EI

0,=V,=1
Sum of the M L(2L B _3ET
momentsabout B g7 | 3 =0,L=0 — M, _TOA
3EI
K="

/) Smarter. Stronger. Steel.
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Moment Distribution

* Relative Stiffness: Now look at relative stiffness

when the far end is a pin.

Absolute Stiffness  k,, :4152@
AB

Relative Stiffness K, _ L

AB
Relative Stiffness, far end pinned

K, = 3E 5l — 3 |:4EAB[AB:| - K = 314

L, 4 L BTLL

AB AB

/) Smarter. Stronger. Steel.

Moment Distribution

With the end of the member a pin, take advantage
of the relative stiffness for that condition.

w=2 k/ft
§HHNHH¢£¢§ 5
A [21] B [/ <
77 7
| 20 ‘ 20 ft |
| |
. | aT 7 The change in
) r =21 2 |=o. relative
#7020 e 4[20} 0.75 stiffness means
2 075 a change in the
DF,,=——=0.73 DF,.=——=027 distribution
2.75 2.75 factors

American Institute of Steel Construction

Moment Distribution

* Using the same table as the previous example
illustrates quickly how much less space (and
thus calculation effort) is required.

Joint A B c
Member AB BA BC cB
K 2 2 0.75(1) 1
DF 0 0.73 0.27 1
FEM -66.7 66.7
243 <f— -48.7 -180 | > When we use the
reduced stiffness
for the far end
pinned, we never
carry over to that
end.
Total -91.0 18.0 -18.0 0

, Smarter. Stronger. Steel.
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moment of inertia.

P=18 k K =K/ = =10
135 ft I 4.5 » DY)
1

5 cl Kie=pg=122

FEM .

r

22.0 ft

FEM,, =

LZ

A D
- mr

/) Smarter. Stronger. Steel.

_pa_18(135)(45)"

Pa’h _18(13.5)'(4.5)

Moment Distribution

* Now consider a frame. In this case with constant

TS =—15.2 ft-kips

TS =45.6 ft-kips

Moment Distribution

e Distribution table

Joint A B € D
Member| AB BA BC CB cD DC
K 1 1 1.22 1.22 1 1
DF 0 0.45 0.55 0.55 0.45 0
FEM -15.19 | 45.56

3424-684 | 835> 4.8
-13.68€—-27.36 | -22.38 P-11.19
3.08 <— 6.15 7.52 —{53.76
-1.03 < -2.07 | -1.69 -> -0.85
0.23 <}—0.47 0.57 —f> 0.28
-0.16 | -0.13

Total 6.73 13.46 | -13.46 | 24.20 | -24.20 | -12.04

/) Smarter. Stronger. Steel. 2

* Member shears
pP=18

e G

Note that we do not have
horizontal equilibrium

3.90 k

22.0ft

A 0.92k
—v —)

) Smarter. Stronger. Steel.

D' F,=0.92-1.65=—-0.73 kips

Moment Distribution

13.46 s Rasn| 24-20

) 24. 20’ \
14.10 k]

165k

D 165k

s
12.00\_J

Moment Distribution

* The structure we have actually analyzed is

P=18 k
135 ft 4.5 f
B I 0.73 kips

C

The horizontal reaction is not
supposed to be there. It is
sometimes called the Artificial Joint
Restraint (AJR).

22.0ft

Note that the horizontal reaction is
A D to the right, this means that the
- Vsl frame is trying to sway to the left.

7/ smarter. Stronger. Steel. 20

American Institute of Steel Construction
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Moment Distribution Moment Distribution

* The solution is the same as what we would * The structure we have actually analyzed is
obtain for a 3-span continuous beam as

P=18 k
shown. BLM 0.73 kips
C E

| 22,01t | 135 Pzi%_;(d 2.0t To get back to the structure that we
QI‘ | ] T 7 are really looking for, we must
T a LB C%. D e remove this AJR.
* This beam has the same stiffness, distribution e WA MD

" factors and fixed end moments as the frame.
R

./ Smarter. Stronger. Steel. /) Smarter. Stronger. Steel.

Moment Distribution Moment Distribution
* We must analyze the structure for this loading. * Fixed end moment for sway or support
settlement.

18.0ft .
B 0.73 kips
p —

G
C

A __,——"/——_B,/) A
E

6EIA 6EIA

FEM ,, = I FEM,, = iz

22.0ft

These fixed end moments can be derived through
?‘D the conjugate beam or slope deflection methods.
"/

So

A
- 77
Fix the ends against rotation
and displace the structure as

shown.
./ Smarter. Stronger. Steel.

y. Smarter. Stronger. Steel.

American Institute of Steel Construction 11
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Moment Distribution Moment Distribution
* In our case, we do not know the magnitude of * Distribution table for sway
the sway, A. A
Y What we do know is that the fowi |4 z £ D
Member: AB BA BC CB CD DC
B L“—‘”‘—‘ fixed end moments on both K 1 1 [ 12 [ 122 [ 1 1
\ . DF 0 045 | 055 | 055 | 045 0
Ic columns will be the same. FEM | 100 | 10.0 100 | 100
I -2.25¢+ -450 | -5.50— -2.75
‘\ -1.99¢- »3.99—-3.26—9 -1.63
& | Arbitrarily select a moment 045¢1- 09 | 110> 055
8 \ . . . -0.15<+ -0.30 -0.25 5 -0.13
A magnitude similar to what we 007 | 008
o already calculated when there fotal 820 | 647 | -646 | 649 | 649 | 824
- 77 was an AJR, say 10 ft-kips.
Smarter. Stronger. Steel. 25 Smarter. Stronger. Steel. 6
Moment Distribution Moment Distribution

* Member shears due to sway * Now the structure we actually analyzed is

6.47 18 ft 6.49
L%
C B 1.34 kips
r—
647 £\ Io.7z k072 kl 6.49 \,
——B — c — ¢ The horizontal force is the result of
0.67 k 0.67 k sway. It is called the Consistent
Note that we again do not & Joint Force (CJF).
. have horizontal equilibrium 3
E _ _ ki But it is not the magnitude force
Z F,=0.67+0.67 =1.34 kips that we need, we need z times that.
A D 0.73=z(1.34)
A 067k D 067k /s Ve 073
T —) ”W‘ z=—"-"=0.54
820 8208 1.34

) Smarter. Stronger. Steel.

American Institute of Steel Construction 12
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Moment Distribution Moment Distribution
* Modify the sway results by z = 0.54. * Final Results Table.
Joint A B C D Joint A B | c [ o
Member AB BA BC CB CD DC
K 1 1 1.22 1.22 1 1 Slide 38
DF 0 0.45 0.55 0.55 0.45 0 Slide 46

Slide 49
-2.25<+ -4.50 -5.50—1>-2.75

-1.99< -3.99 | -3.26 4> -1.63
04541 0.9 1.10 > 0.55
-0.15¢} -0.30 | -0.25 > -0.13
0.07 | 0.08

N N I N N N
11.16 | 16.95 20.71 | -20.71

Final = 15t cycle + z(2" cycle)

/) Smarter. Stronger. Steel. /) Smarter. Stronger. Steel.

Moment Distribution Moment Distribution

* Member shears due to load and sway * Final Moment Diagram and Deflected Shape

18.0 k M, =40.99
16.95 1354t I4.5f; 20.71

1695\ ) 20717\ A
— 429k 1371k —) M, =16.95
B 1.28 k C 1.29 k /.ﬁ\‘_i;\ ’ M. =20.71
Bf+—=<" ¢ B
/ d\
& )
B [ |
\ |
\ |
A 128k D 129k \
T —— D A >
11.16
7'59v T M,:n.lé” 7 7 M, =759

) Smarter. Stronger. Steel.

Compare to Lesson 6 Slide 75

52

American Institute of Steel Construction 13
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Moment Distribution

* Check on moment distribution: Using the
slope deflection equations, we can develop a
simple approach for checking our math. It will
only check the math, not the correctness of
any of our starting values, such as FEM, K, or
DF.

M,=K,0,+C.K.0,—(K,+C.K,)p+FEM,

,i Smarter. Stronger. Steel.

Moment Distribution

* Slope deflection equations without sway.

M,=K.,0,+C.K,8,+FEM,
= AFEM , + FEM,,

* Therefore:

AFEM, =K 8, +C,K 0,

,E Smarter. Stronger. Steel.

Moment Distribution

* Write the change in fixed end moment for
member AB.
AFEMAB :KABGA +CBAKBAGB
AFEMBA :KBAeB +CABKABeA

* Solve the first equation for 0, then substitute
into the second and solve for 0.

_ AFEM,,—C ,AFEM ,,

0
’ KBA(I_CABCBA)

\,E Smarter. Stronger. Steel.

Moment Distribution

* Rewrite in terms of near and far and
substitute for prismatic members.

AFEM , - % AFEM,

e )

AFEM, -~ AFEM,
0, = 2

0 = AFEM ,, —-C ,AFEM ,,
b=

_ 2AFEM, —AFEM,

Gle=

\.E Smarter. Stronger. Steel.

American Institute of Steel Construction
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Moment Distribution

* Since we do not need the actual rotation, we
can use relative stiffness.

_ 2AFEM, - AFEM,

N

/) Smarter. Stronger. Steel.

Classical Methods of Structural Analysis
Session 7: Approximate Methods and Moment Distribution

Moment Distribution

* We now have an equation for the relative
rotation at a joint based on the change in
moment on the member framing into the joint
and the change in moment at the other end of
that member.

* For each member, the rotation at the joint should
be the same.

* Thus, we can check the relative rotation at the
end of each member framing into a joint and
compare them.

CER,
2

"/ Smarter. Stronger. Steel.

Moment Distribution

« . Joint A B C D
* For joint B: Member| AB BA BC B | o | bc
K 1 1 122 | 122 1 1
6 - 2(13.46)-6.73 202 DF 0 045 | 055 | 055 | 045 0
B4 = =2U.
1.0 FEM -15.19 | 4556
342<-684 | 83515418
0 = 2(1.73)-(-21.36) —203 13.68<-27.36 | -22.38—>-11.19
e 1.22 3.08<—615 | 7.52 15376
1034 207 | -1.69—b> -0.85
023<-047 | 05715028
* Forjoint C: 016013
_2(-2136)-173 Total | 673 | 1346 | -13.46 | 2420 | -24.20 | -12.04
0, 36.4
“ 1.22
AFEM | 673 | 13.46 | 173 | 21.36 | -24.20 | -12.04
= 2(-24.20)-(-12.04) — 364 0 2019 | 2034 | 3643 | 3636
, )

1.0
This is the 1%t cycle of our sway frame.

) Smarter. Stronger. Steel.

American Institute of Steel Construction

Moment Distribution

* Questions to consider about Moment
Distribution

— When do you stop the balancing and carry over
process?
* After a fixed number of carry-overs
* After you carry over something less than 1.0
* Whenever you want
* When it’s “accurate enough?”

Smarter. Stronger. Steel.
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Polling Question

/) Smarter. Stronger. Steel.
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Approximate Methods

* Consider a multi-story frame.

What would it take to
1 cut this structure back to
make it determinate?

At each beam mid-span,

8 cut the beam and
remove the shear,
6 moment, and axial force.
LLLLLLLLLL
4
2

o wrnr mr T
A B C D E F

/) Smarter. Stronger. Steel.

Approximate Methods

* Consider a multi-story frame.
What would it take to

11— — cut this structure back to

_— -] make it determinate?

3 At each beam mid-span,

cut the beam and

— 1 remove the shear,

6 moment, and axial force.

4 — v VY — Thus, 3 x number of
— — beams = degree of

2 — — indeterminacy.

b - mr 3x10x5=150
A B C D E F

American Institute of Steel Construction

Approximate Methods

* How might we treat a beam within the frame?
* Fixed ends,

w
MABC AAAAAR A2 222 AR Ms,
A L B

o _wl’ Point of zero
° 24 moment at 0.21L
from support

wi? wL
M, = 2 My, = 12
0.21L 0.21L
./ Smarter. Stronger. Steel. 64

16
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Approximate Methods

* How might we treat a beam within the frame?
* Pinned ends,

w

YV VIV VLY
A B
L T7Y7
B Point of zero

moment at support

/) Smarter. Stronger. Steel.

Classical Methods of Structural Analysis
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Approximate Methods

* How might we treat a beam within the frame?

* Since the ends will rotate, a good approximation
might be zero moment at 0.1L from supports.

w

ng VYUV b ey by " M
A L B
M :Lﬁ Point of zero
‘125 moment at 0.1L from
support
L
#2202

0.1L 0.1L

Approximate Methods

* Thus, we could obtain an approximate value
for the moments without actually doing an

analysis.
w
MABg YUV VLUV M,
A L B
M =Lﬁ Point of zero
‘125 moment at 0.1L from
support
wi _wl
Mu=522 M2

0.1L 0.1L

./ Smarter. Stronger. Steel.

American Institute of Steel Construction

Approximate Methods

* Consider a multi-story frame again.

The farther away you get
11 from the loaded span,
the less impact the load
will have on the

8 members.
Remember from Lesson 1
6 the conceptual influence
e line discussion.
4 B Picture how the
) deflections and rotations

will become quite small
as you move away from
the loaded span.

B C D E F
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Approximate Methods

* For gravity load we can model the multi-story
structure as one level of beams and the
columns above and below.

TITYY

This may be a better approach than assuming an inflection point location
and the analysis could easily be carried out through moment distribution.

/) Smarter. Stronger. Steel.

Approximate Methods

* For lateral load, what approximations might we make?

The expected moment
diagram for each member
in the frame loaded with
concentrated lateral loads
will be straight line

— 6 segments as shown for

- column line D and the
beam at level 6.

— + This suggests that
- inflection points be placed

\ near mid-span and mid-
oo T height for all members

Approximate Methods

* The Portal Method (Albert Smith, 1915)

1. Assume that all beams have an inflection point

at mid-span.
2. Assume that all columns have an inflection point
at mid-height.
Any level, n
w, T n
! g [
A B C D E F

American Institute of Steel Construction

Approximate Methods

* The Portal Method

3. The total horizontal shear on each story is
divided between the columns of that story in a
manner such that each column carries shear

according to its tributary area. For equal spans,
v, 2V, 2V, 2V, 2F, v,

N

n

n
lv Lzm Lzm Lzm szm Vo

A B C D E F
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Approximate Methods Approximate Methods
* The Portal Method * The Cantilever Method (A. C. Wilson, 1908)
3. For unequal spans, coumna 05 1. Assume that all beams have an inflection point
4.5L at mid-span.
Loy My 2% Sl o 5L 30 2. Assume that all columns have an inflection point
I i i I asL at mid-height.
/4 n
1.75L h
LL lﬂ LEV lgv Colimn € 5y 73 SN AU M B _[ for the Porta
A B C D l l 1 1 L Method
| L ‘ aL ‘ 151 J Column D %%1.5 A B C D E F
Smarter. Stronger. Steel. 2
Approximate Methods Approximate Methods
* The Cantilever Method * The portal method, when introduced, was said
3. The column axial force is proportional to its to be satisfactory for most buildings up to 25
distance from the center of gravity of the column stories.
areas'AFor e(:ual azeas agd eql:al Sp?ns' * The cantilever method is said to be a little
ss | s s s more desirable for high narrow buildings than
I I T ] 35, |ss, the portal method and is said to be
W, n satisfactory for buildings not in excess of 25
l l l 355 1ss, to 35 stories.
55,,_1l 38, s s,
\,§ Smarter. Stronger. Steel. \.; Smarter. Stronger. Steel. 6

American Institute of Steel Construction 19



AISC Night School

July 29, 2019

Classical Methods of Structural Analysis
Session 7: Approximate Methods and Moment Distribution

Approximate Methods

* Consider a 10-story 5-bay structure.

A B C D E F
-5 11 —> 45k

—
—

g _» C4@9K
ﬁ}
—
é}w@sk

4 —

—

2 —> 73k

9@ 12'-6"
<)

Ve e Ve 7 e Vi Wind Load
| 5@ 30’

v

Smarter. Stronger. Steel.

Approximate Methods

* Take a free body diagram above Level 6 and
distribute the lateral load. (portal Method)

A B C D E F
11 —> 45k

—

—
s —» FA4@9K
7 —>}

O€— S oe—o o€— o€— oe—
405k 8.1k 8.1k 8.1k 8.1k 4.05k

—
V=40.5k
v M =4(9)(25.0)+4.5(56.25) = 1153 ft-k

Smarter. Stronger. Steel. 8

®
~
—
®
Ln
<

Approximate Methods

* Take a free body diagram below Level 6 and

distribute the lateral load. (portal Method)
A B C D E F

11 —> 45k

—_—

q
g — [4@3Kk
7 —

6 —> 6k
O€«— O€— O€— o€— oe—o Oe—

465k 93k 93k 93k 9.3k 4.65k

—
V=465 k
U= 6(6.25)+4(9)(37.5)+4.5(68.75) =1697 ft-k

\,E Smarter. Stronger. Steel.

®
~
—
®
n
N

Approximate Methods

* Now look at the free body diagram of level 6.

’ : M =1153 ft-k
V=40.5Kk
—

405k 81k 8.1k 8.1k 81k 4.05k

M =1697 ft-k

American Institute of Steel Construction
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Approximate Methods

* To determine the moments in the girders, we
will start at the left end and work across the

structure Sum the moments about the
4.05 k S :
_ S ~__— intersection of the beam and column
6.25' A . o 4.05(6.25)+4.65(6.25) =V, (15.0) =0
B TSN A" V,,=3.625k
6.25' ) .
Vis Sum the forces in the horizontal
- 0€— . .
4.65 k direction
4.05+6.0-4.65-H,,=0
15 H,=54

Note that at this point, there is no way

to determine the column axial forces.
81

Approximate Methods

* Next, apply these now known forces on the
next free body and continue the solution.

Sum the moments about the
intersection of the beam and column

8.1k
I — - 8.1(6.25)+9.3(6.25)~3.625(15.0) = ¥, (15.0) =0
’ V,5~3.625k —
6.25 Hoy=5.4k, B Hye Vye =3.625k
R SY .
6.25 Sum the forces in the horizontal
R «— Be direction
9.3k
8.1+54-93-H,.=0
15’ 15 Hy =42
We are still unable to determine
/) Smarter. Stronger. Steel. the column axial forces. o

Approximate Methods

* Next, apply these now known forces on the
next free body and continue the solution.

Sum the moments about the

8.1k intersection of the beam and column
I S— - 8.1(6.25)+9.3(6.25)-3.625(15.0) =V, (15.0) =0
4 Vy=3.625 k -
625 | ;1 —45 kl BC Hep Vi =3.625k
_yBe T2 K
6.25' v Sum the forces in the horizontal
ERE— <« “ direction
9.3k
8.144.2-93—H_, =0
15’ 15’ H,,=3.0

We are still unable to determine

i) h lumn axial forces.
./ Smarter. Stronger. Steel. the colu axial forces

Approximate Methods

* Next, apply these now known forces on the
next free body and continue the solution.

Sum the moments about the

8.1k intersection of the beam and column
I S > 8.1(6.25)+9.3(6.25)~3.625(15.0) =V, (15.0) =0
’ Vep=3.625k —
6.25 Hep=3.0 kl (e b H,, V,p =3.625k
—3— —>o0
6.25’ v Sum the forces in the horizontal
— «— bE direction
9.3k
8.14+3.0-9.3—H,, =0
15’ 15’ H, =18
We are still unable to determine
Smarter. Stronger. Steel. the column axial forces. "

American Institute of Steel Construction

21



AISC Night School
July 29, 2019

Classical Methods of Structural Analysis
Session 7: Approximate Methods and Moment Distribution

Approximate Methods

* Next, apply these now known forces on the
next free body and continue the solution.

Sum the moments about the

8.1k intersection of the beam and column
I — > 8.1(6.25)+9.3(6.25)~3.625(15.0) =¥, (15.0) =0
6.25' V5=3.625 k V.. =3.625k
=18 kl DE E Hppe &
-4 —
6.25' v Sum the forces in the horizontal
EE— «— Er direction
9.3k
8.1+1.8-93—H,, =0
15’ 15’ H,. =0.6

We are still unable to determine
the column axial forces.

Approximate Methods

* Next, apply these now known forces on the
next free body and continue the solution.

Sum the moments about the

4.05 k intersection of the beam and column.
B — —
) V3625 4.05(6.25)+4.65(6.25)-3.625(15.0) =0
Hp=0.6 k F
-+ T Sum the forces in the horizontal
direction.
o %65 k 4.05+0.6—4.65=0
This confirms we have equilibrium.

But still no way to determine the

H column forces.
"/ Smarter. Stronger. Steel.

Approximate Methods

* Thus, we see that the vertical shear at mid-
span of each beam will be the same,
— In this case, 3.625 k.

* If we were to start at the top level, we would
determine that all the axial load is taken by
the outer columns on lines A and F and that
this carries all the way down to the support.

) Smarter. Stronger. Steel. -

Approximate Methods

* Determining the axial forces

M =1153 ftk p=l133
150
V'=40.5K 760 k =7.69 kips
81k 81k 8 lkl 4.05 k
6
93k 9.3k 93kT465k
11.31k P:@
V=46.5k 150
=11.31kips
M =1697 ft-k

American Institute of Steel Construction
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* A partial moment diagram can be developed

25.3 ftk 50.6 ft-k 50.6 ft-k
54.4 ft-k -

54.4 ft-k

~
29.1 ft-k

58.1 ft-k 58.1 ft-k 54.4 ft-k

54.4 ft-k

Axis of Symmetry

Smarter. Stronger. Steel.

Classical Methods of Structural Analysis
Session 7: Approximate Methods and Moment Distribution

Approximate Methods

* Reconsider this structure by the cantilever method.

A B c D E F
—_ 11 —> 45k
—_
—
" g —o [4@9K
9 —
® 6 —> |
(9]
— Li@6k
4 —
q/
2 — 73k
Vs mr T Ve s Vo Wind Load

| 5@ 30’ |

Smarter. Stronger. Steel.

Approximate Methods

* Take a free body diagram above Level 6 and

determine the axial forces.
A B C D E F

11 —> 45k

—_—

é
g — [4@3Kk
7 —

lss s st s ?35 ?SS

—
V'=40.5k
UM =1153 f-k = 2[ S(15)+35(45)+55(75) |

S=1.10k

o
X
-
®
1
<

\,' Smarter. Stronger. Steel. 0

American Institute of Steel Construction

Approximate Methods

* Take a free body diagram below Level 6 and

determine the axial forces.
A B C D E F

11 —> 45k

—_—

—_—
g — [4@3K
7 —

6 —> 6k
[ $ o o

lss las s Ts Tas Iss
—

V'=46.5k
U M =1607 f-k =2[ S (15)+35(45)+55(75)]

\.i Smarter. Stronger. Steel. §=1.62k

©
~
—
®
L
N

92
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Approximate Methods Approximate Methods
* Determine the beam shears from the axial * To determine the column shears, we will need to
forces. start at the top level.
* The column shears will be in the same proportion
1549 T30 1110 Lt V320 |sao (red) all the way down the structure.
2.59 4.15 4.67 4.15 2.59
6 k> Al Al Al 6 0.134k 0.214k 0.241k 0.214k 0.134k
lnlnlnl 45k —> lnlnlnlﬂn
lSAOS l4.85 \L 1.62 T1.62 T4.85 T8.08 ﬁZZk £35k<1._092k &92k <%35 (EZZk

i (1) l(z.em i(339) T(339) T(z.eO) T (1)
0.134k 0.080 k 0.0268 k0.0268 k 0.080 k 0.134 k

/) Smarter. Stronger. Steel. /) Smarter. Stronger. Steel.

Approximate Methods Approximate Methods
* So the column shears at level 6 can be * And a partial moment diagram can be
determined developed

5.49 3.29 1.10 110 3.29 5.49

I
I
T2.90k 1753k To.s2k le.sz k $ 753k 4290k 18.1 ft-k 47.1 ftk 61 4ft-k: £
S ﬁ[—> T_) T_) — 389 ft-k A/ 62.3 ft-k 70.1 ft-k g
259 | 415 | 467 | 415 | 259 I £
4 4 N @
6 k—> 6 =
NN o8 ek /N 389 ftk 623ftk | 0
333k | 865k | 11.28k| 11.28k| 8.65k | 3.33k ’ 54.1 ft-k 70.5 ft-k 1%
<« <« <« <« < |
I
I

8.08 4.85 1.62 1.62 4.85 8.08

/) Smarter. Stronger. Steel. /) Smarter. Stronger. Steel.
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Approximate Methods | Approximate Methods
|
25.3 ft-k 50.6 ft-k 506 fkl £ ) ) .
54.4 ftk 54.4 fk 54.4 fik ~ é * Question to consider about approximate
: |2 methods.
2 Beaftl SBIRICYSeank i £ — Are the Portal Method and Cantilever Method
Portal Method ! accurate enough for final design?
|
| >
ssokh oo 62.3 ft-k A 1 ek 6141tk g
| €
5
208k gupgh Lo A b | E
Cantilever Method i
Smarter. Stronger. Steel. 9 Smarter. Stronger. Steel. o8
Polling Question Approximate Methods

* The moments from the lateral analysis and the
gravity analysis can then be combined.

* Although these are only approximate answers,
they are usually sufficient to start a design so
that a more accurate estimate of the member
sizes may be determined.

* Itis also possible to analyze the structure at
selected levels rather than at every level.

\,E Smarter. Stronger. Steel. \.i Smarter. Stronger. Steel.

100
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Approximate Methods

* A useful reference that illustrates how to
determine member properties for an entire
multi-story building when properties at only 3
levels are known is:

Fleischer, Walter, “Simplified High-Rise Drift Analysis
and Optimized Adjustment,” AISC Engineering
Journal, Vol. 9, No. 2, April, 1972, pp 50-69

/./ Smarter. Stronger. Steel. 101

Summary

— Developed the Moment Distribution Method for
continuous beams and frames.

— Applied Moment Distribution to frames when
sidesway is permitted.

— Developed a technique to check the math in the
process of moment distribution.

— Discussed approximations that could be applied
for gravity load analysis of multi-story frames.

— Compared the Portal and Cantilever Methods for
lateral load analysis of multi-story frames.

Smarter. Stronger. Steel.

Lesson 8

* Classical Approaches applied to Second-Order
Analysis

— Investigate second-order effects by iterative
approaches.

— Consider the use of slope-deflection for second-
order analysis.

— Relate moment distribution to the B,-B, method
of AISC 360-16 Appendix 8

__— Compare classical methods with modern methods

\,E Smarter. Stronger. Steel.

American Institute of Steel Construction

Thank You

American Institute of Steel Construction
130 East Randolph, Suite 2000

{" %ﬁ Chicago, IL 60601
@ Smarter. Stronger. Steel.
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Individual Webinar Registrants
CEU/PDH Certificates

Within 2 business days...

¢ You will receive an email on how to report attendance from:
registration@aisc.org.

¢ Be onthe lookout: Check your spam filter! Check your junk
folder!

e Completely fill out online form. Don’t forget to check the boxes
next to each attendee’s name!

/) Smarter. Stronger. Steel.

Classical Methods of Structural Analysis
Session 7: Approximate Methods and Moment Distribution

Individual Webinar Registrants

CEU/PDH Certificates
Within 2 business days...

¢ New reporting site (URL will be provided in the forthcoming
email).

¢ Username: Same as AISC website username.

* Password: Same as AISC website password.

/) Smarter. Stronger. Steel.

8-Session Registrants

CEU/PDH Certificates

One certificate will be issued at the conclusion of
all 8 sessions.

) Smarter. Stronger. Steel.

8-Session Registrants

American Inst

itute of Steel Construction

Access to the quiz: Information for accessing the quiz will be emailed to you by
Wednesday. It will contain a link to access the quiz. EMAIL COMES FROM
NIGHTSCHOOL@AISC.ORG

Quiz and Attendance records: Posted Tuesday mornings.
www.aisc.org/nightschool - click on Current Course Details.

Reasons for quiz:

*EEU — must take all quizzes and final to receive EEU

*CEUs/PDHS - If you watch a recorded session you must take quiz for CEUs/PDHs.

*REINFORCEMENT — Reinforce what you learned tonight. Get more out of the
course.

NOTE: If you attend the live presentation, you do not have to take the quizzes to
receive CEUs/PDHs.

y. Smarter. Stronger. Steel.
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8-Session Registrants Night School Resources for 8-session
package Registrants

Access to the recording: Information for accessing the recording will
be emailed to you by this Wednesday. The recording will be available for
three weeks. For 8-session registrants only. EMAIL COMES FROM
NIGHTSCHOOL@AISC.ORG. Find all your handouts, quizzes and quiz scores,
recording access, and attendance information all in

|
CEUs/PDHS - If you watch a recorded session you must take AND one place'

PASS the quiz for CEUs/PDHs.

/) Smarter. Stronger. Steel. /) Smarter. Stronger. Steel.

Night School Resources for 8-session Night School Resources for 8-session
package Registrants package Registrants
Go to www.aisc.org and sign in. Go to www.aisc.org and sign in.

MyAISC

MY PROFILE

Update your contact and address information.
EDIT PROFILE

MY PURCHASED DOWNLOADS

Access articles and documents that you have pur

VIEW DOWNLOADS

MY COURSE RESOURCES

Login

USERNAME DON'T HAVE AN ACCOUNT?

View online resources for Night School a}d Live Webinar package registrations,

VIEW RESOURCES

PASSWORD
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Please fill out our brief survey at the conclusion of
the webinar. We greatly appreciate your feedback.

{N%‘i i Smarter.
: St A
AISC | Thank you =Y / ESt;:rl‘.ger
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American Institute of Steel Construction

AISC | Thank you

y”"’"gi i Smarter.
i@g : Stronger.
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