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Multi-Story Building

= Structure for multi-story building is actually a connected frame of
members, each of which are firmly connected to each other.

* In engineering parlance, these connections are called moment
connections, which means that the two members are firmly
connected to each other.

* This frame becomes very strong, and must resist the various
loads that act on a building during its life.

= The concrete frame rests of foundations, which transfer the
forces from the building and on the building to the ground.

» Some other important components of concrete frame structures
are shear wall, elevator shaft, masonry/reinforced concrete wall
and cladding
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Multi-Story Building
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Multi-Story Building

Shear Important structural elements in high-rise buildings. Easily

wall measure 400mm thick by 3m. The function is to help take care
of horizontal forces on buildings like wind and earthquake loads.
Shear walls also carry vertical loads. It is important to understand
that shear wall only work for horizontal loads in one direction (the
axis of the long dimension of the wall).

Elevator Vertical boxes in which the elevators move up and down - normally

shaft each elevator is enclosed in its own concrete box. These shafts
are also very good structural elements, helping to resist horizontal
loads, and also carrying vertical loads.

Masonry/ Concrete frame structures are strong and economical. Hence

concrete almost any walling materials can be used with them. Common

wall options include masonry wall of brick, concrete block and light
steel partition.

Cladding Common cladding materials are glass, aluminum panels and
ceramic facades. Since these structures can be designed for
heavy loading, one could even clad them in solid masonry walls of
brick or stone.
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Multi-Story Building

Building is 3D frame which consist of slabs, beams and columns
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Frame Analysis

* The building structure is 3D frame, comprising floor slabs,
beams, columns and footings, which monolithically connected
and act integrally to resist vertical loads and lateral loads.

* In the design of reinforced concrete structures, it has to analyze
the structure subjected to all probable combinations of loads,
considering the ultimate limit state.

* Commonly 3D frame analysis is the most accurate method to
analyse the frame building. However, 3D frame is complex and
need to be carried out using relevant computer software
(ESTEEM, STAADPro, ETABS, SAP, finite element software,
etc.)

*Once the bending moment, shear force and axial load are
obtained, reinforcements can be designed according to the
standard.
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beams and column

analysis may be simplified appropriately consist only beams and

*In many cases the slabs are analyzed separately, thus, the

3D frame which consist of

slabs




Frame Analysis

*In order to simplify the analysis, the 3D structure is generally
divided into a series of independent parallel 2D plane frames.
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Frame Analysis

» 2D plane frame can be further simplified into 3 levels sub-frames:

Complete sub-frame

The frame consists of all beams at each level with columns
top and bottom of beams. Moments at columns and beams
are tabulated by analyzing the complete sub-frame.

Simplified sub-frame
The frame consists of a selected beam with columns and
neighbouring beams at both sides of selected beam.

Simplified sub-frame at point

The frame consists of a selected point or node with columns
at top and bottom, and neighbouring beams coming into the
point.
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Frame Analysis

» 2D plane frame >>> complete sub-frame

Complete 2D Frame

V. /8 V. /e
Sub-frame at second floor
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Frame Analysis

» Complete sub-frame >>> Simplified sub-frame

Roof

Second |
floor 1

First
floor

omplete 2D Frame

éD

Vi 4 V4

V. /8 V¢ /e
Simplified sub-frame beam AB

Simplified sub-frame beam BC
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Frame Analysis

» Simplified sub-frame >>> One point sub-frame:

sB

V4 V. /8
Simplified sub-frame at point A Simplified sub-frame at point C
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Type of Frame

1) Braced Framed
Frames that not

contribute to the overall -

stability of the structure.

None of the Ilateral

actions, including wind,
are transmitted to the |
columns and beams but
carries by bracing |
members such as shear
wall.

Support vertical actions
only.

Shear walls as
bracing members

With Wisdom We Explore




2008
VAyay/AY
VAN

<
:
Nt
.
Gt
O
W

no

are
and
With Wisdom We Explore

wall

a
vertical

shear
lateral actions

Frame that contribute to
provided.

the overall stability of the
n
bracing members such

structure.
Including
transmitted

columns
S
Support

2) Unbraced Framed
a




Method of Analysis

* Primary objective is to
obtain a set of internal Braced Frame Unbraced Frame

forces and  moments ¥ ¥

throughout the structure _ Vertical load +
. I . Vertical load .
that are in equilibrium with Horizontal load

the design loads for the ¥ ¥

required loading | | .4 transfer Load transfer

combinations. from slabs to from slabs to
beams ; wind to

column

beams

» General  provisions to ’v
analysis are set out in EN Design action patterns: maximum-
1992-1-1 Section 5. minimum

Moment distribution method

Fixed end moments, Shear forces, Bending
moments
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General Consideration

» General consideration for sub-frame analysis:

Method of sub-frame analysis can be conducted using one-
level sub-frame, two-point sub-frame or one-point sub-frame
with continuous beam.

The column or/and beam ends remote from the beam under
consideration may generally be assumed to be fixed unless
the assumption of pinned is clearly more reasonable.

Stiffness for interior beam is Kg.

Stiffness for fixed end (beam elements) posses half their
actual stiffness, 0.5Kg.

The arrangement of the design ultimate variable loads
should be such as to cause the maximum moment the
column.
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Sub-Frame Analysis

= One-level sub-frame

- Each sub-frame consist of the beams at one level together with
the columns above and below.

- The ends of the columns remote from the beams may generally
be assumed to be fixed unless the assumption of a pinned end
Is clearly more reasonable

AN NS

KBl

Vi Ve

- At least four cases combination of actions:
[Max][Min][Max]; [Min][Max][Min]
[Max][Max][Min]; [Min][Max][Max]
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Sub-Frame Analysis

» Two-point sub-frame

- The moments and forces in certain individual beam may be
found by considering a simplified sub-frame consisting only of
the beam, the columns attached to the end of that beam and
the beams on either side is any.

AN AN

0-5Kggé ) 0.5Kg, O.SKM

27 27 Vi

- Load at interior beam where stiffness = Kz Is always for
maximum design load.

With Wisdom We Explore



Sub-Frame Analysis

» One-point sub-frame with continuous beam

- The moments and forces in the beams at one level -
considering the beams as a continuous beam over supports
providing no restraint to rotation.

- The ultimate moment for column = simple moment distribution
procedure

AN

0.5Ke;
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Combination of Actions

= Action on buildings is due to permanent (dead load), variable
(imposed, wind, dynamic, seismic loads) and accidental load.

» Mostly multistory buildings for office or residential purpose are
design for dead, imposed and wind loads.

» Separate actions must be applied to the structure in appropriate
directions and various types of actions combined with partial
safety factors selected to cause the most severe design
condition.

* Maximum design load = 1.35G, + 1.5Q,
= Minimum design load = 1.35G,

= Wind load = 1.2W,

= Vertical load due to wind = 1.2G, + 1.2Q,
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Combination of Actions

» For the combination of dead load and imposed load, the
following loading patterns are considered:

Unbraced frame Three cases loading arrangements as
braced sub-frame

Vertical actions for sub-frame

Wind load for complete frame
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Combination of Actions

= | oad cases for braced frame
= \Vertical load

tMaxdHMaxHMaxx
iMin 1 IMin 1 IMin ]
Min ] [
Max] [
Max] [Min
Max] [
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Combination of Actions

= | oad cases for unbraced frame
= Vertical load from wind loading + lateral load

AN\ A3 WBS \\\&CB

A B, C,
1.2G, +1.2Q, [1.2G6,+1.2Q, |[1.2G,+1.2Q,
Bl Cl
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Analysis Procedure

» Analysis procedure for braced frame:
1. Analyse all actions, maximum and minimum design loads
. Calculate moment inertia, | = bh3 /12
. Calculate stiffness of beams and columns, k = I/L
. Determine distribution factor, DF = k;/ 2k
. Determine fixed end moment (FEM) of beams

. Perform moment distribution by cases:
a) Case 1 [Max][Max][Min]
b) Case 2 [Min][Min][MaXx]
c) Case 3 [Max][Min][Max]
d) Case 4 [Min][Max][Min]

. Calculate actual shear force and bending moment. Draw

D) dlagram
With Wisdom We Explore




Analysis Procedure

» Analysis procedure for unbraced frame:

1. Calculate design wind load, W =1.2W,

2. Calculate lateral point load at each level of frame
a) Assume contra-flexure point at center of frame
b) Axial loads in column are In its proportion to distances
from the centre of gravity of frame
c) All columns are equal cross-section area

Lateral load analysis using Cantilever Method.
- Calculate axial force in columns, then shear force in
beams and columns from top to ground levels.

Vertical load analysis due to wind, 1.2 G, + 1.2Q,
- analysis of one level sub-frame
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Example

The framing plans for a multistory building are shown in the figure.

The main dimensions structural features, loads, material, etc. are

also set out as at the given data. Analyze sub frame 3/A-D, Level 1

to determine shear forces and bending moments of corresponding

beams and columns. Use all the three methods of analysis.

- Permanent office building (Design life = 50 years)

- Location: Near sub-urban (Zone 1 of Malaysia wind speed
mapping)

- Topography: Flat area—slope<0.05 (Building around within 1 KM
radius)

- Beam in grid line 1,2,3...12 : 250 x 600 mm

- Beam in grid line A, B, C & D : 250 x 500 mm

- Slab thickness = 150 mm

- Columns : 300 x 400 mm

- Imposed load : 4.0 KN/m?

- Finishes, ceiling, services etc : 0.75 kKN/m? ; Partitions : 0.5 kKN/m?
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Example

Level 6

Level §

Im

-
-

Level 4

Level 3

6@35m =

Level 2

Level |

W

L2@dm 7@35m = 35m
T =8m

Figure 2.1
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Example

» Step analysis of braced frame:

1.

Analysis actions on beam (load transfer from slab,
selfweight and wall)

. Calculate moment of inertia for beams and columns,

| = bh3 /12

. Calculate stiffness, k = I/L

. Calculate distribution factor, DF= k;/ 2k

. Determine carry over factor, CF=0.5 ( for pin support)
. Determine Fixed End Moment,

FEM=wI2/12 (for uniform load)

. Moment distribution by cases:

- Case 1 [Span 1,2: max / span 3: min|]
- Case 2 [Span 1: min / span 2,3: max|
- Case 3 [Span 1,3: max / span 2: min|]
- Case 4 [Span 1,3: min / span 2: max]

. Draw BMD and SFD diagrams

With Wisdom We Explore



Example

= Action on beam:

Bet

Calculations

~ SPECIFICATION

Loading: - N

Finishes, ceiling, servicesetc. = = 0475k1§l/m2
“ Densrty of cohcrétc _ = _25kN/m3 |
_ Imposedload = 400 KN/

Partition - | 0.50 KN/ ?"2 |

| Dime nsio_n:

Slab thickness, A = lSO_r-n-m‘

__’Beamsize,vb X h : 250 x 600 mm

Column size, b X h = 300 x 400 mm
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Example

= Action on beam:

1 Loading distribution:

Slab 2-3/A-B :

Slab 3-4/A-B : |

Slab 2-3/B-C :

Slab 3-4/B-C : (L JL, |
_Skb2-3/CD:LJL, = |
 Shb3-4/C-D: L,JL o




Example

= Action on beam: v =Bunly vy, = Byynl,

fes for values of 11,
1.2 L3 14 15

Type of panel location

043 | 045

Two long edges
discontinuous
Contmuous edge
Di § edse
Three edges discontinuous
(one long edge continuous)
Contmuous edge

. . edse
Three edges discontinuous
{one short edge continuous)
Contmuous edge

. . edse
Four edges discontinuous
Di . edse
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Example

= Action on beam:

~ ACTIONS |
~ Loads on slab n kN/m |
Slab selfweight = 0.15 x25 |

l

Flmshes, cellmg etc = 1 -
Characteristic permanent load, gk - |

1

Imposed load = |

SUSERESSVERpIvIUN B —— 3 S—

TPartmon = - i
Characterstlc vanable load, q | Sl

B NN NN AN

| Loads on beam, w kN/m
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Example

= Action on beam:

Span 1 (A-B): w, ~
Perm. load fromslab=' 0.47x 4.50x 4.0 = 8.46 kN/m
Perm. load fromslab= 0.42x 450x 5.0 = 9.45 kN/m
Beam selfweight =  0.45x 0.25x 2.81 kN/m
Characteristic permanem load, G 20.72 kN/m

~ Variable load fr.shb= 0.47x 4.50x 4. 8.46 KN/m
Variable load fr. shb= 042x 4.50x 5.0 = 9.45 KN/m
Chacracteristic vanable load, O, = 17.91 kKN/m
Design load, 1.35G, + L.5Q 54.84 kN/m
1.35G 27.98 kN/m

Span2(B-C): w, | | ) —
~ Perm. load fromskhb=' 0.45x 4.50x 4.0 = 8.10 kN/m
[ Perm.] load from slab = O 39 x 4. 50 x{ 50= 878 kN/m |
| Beamselfweight = | 045x 025x 25 = 2.81 kN/m_

~ Characteristic permanent load, gk '—54 ]9 69 kN/m |
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= Action on beam:

Example

Span 2 (B-C) : w,

 Variable load fr. shb= 0.45x 450 x

~ Variabke load fr. shb= 0.39x 4.50 x
_;_Chacractemtlc variable load, Qk =

_ Designload,  1.35G + 1.50
1.35G,

i -

Span3(C-D): w; |

Perm. load from slab=' 0.47x 4.50 x
Perm. load from slab = 0.42x 4.50 x
,Beam selfweight = | 0.45x 0.25x
'Characteristic perrmnem load, g,

] ] Variable load from shb 047x 4. _50 x
'Variable load from slab* 0.42x 4. 50 x

" Chacracteristic variable load, O =
.lDeS|gn load, 1 3SG.‘+ 1.50,
1 135Gk4

8.10 kKN/m

8.78 kN/m
16.88 kN/m
51.89 kN/m |
26.58 kN/m |

8.46 kN_/m
9.45 kKN/m
2.81 kN/m

- 20.72 kKN/m

846 kN/m

17. 9I KN/m

| 54.84 kN/m |

| 2758 km |
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Example

= Analysis of one level sub-fame

" Ret | Caleulaions | Output

])ata T

135G +1.5Q,=
ws: ||
1.35G, =
1.35G,+1.5Q,=
A 1 i ” W = » ‘
Size: | | | . 135G, =

! Beam': bxh = | 13_SG|\+15QK=
_Column:b xh= |
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Example

= Analysis of one level sub-fame

Mom¢n of Inertia : / =bh§/12 ~ |
Beam: / = 250 x 600 /12=  4.5x 10" mm’
Column: /= 300 x 400 /12= 1.6x 10°mm' |

Stiffness : K=1/L
Column: K= 1.6x 10’/ 4.6 x 10° mm’
| Kq= 16x 10°/ 4.0x 10° mm’
Beam: K,z = 4.5x 107 / 7.5 x 10’ mm’

 Kgc= 45x 10/ 7.5x 10° mm’
Kcp= 45x 107/ 7.5 x 10° mm’
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Example

= Analysis of one level sub-fame

Dtstribunon factor: F = K /XK
~ Joint Ai Fap=KaplKap+Ket+ Ka)
: Fo =IKo/(Kpp + Kyt Ky) =
| Fq = Ky/(Kpp + K+ Ky) =
Joint B: Fga = Kap/(K aptKpctK o tK o) =
i._,"" Bc = Kpc/(KaptKpctK o Ka) =
| Fq =K /(K pgtKpctKotKa) =
'F a = K/(KaptKpctKatKa) =
Jomt:-C Fcp = Kpc/(KpctK CD"'K '*'Kd) =
‘FCD KCD/(KBC+KCD+K +Kg) = |
| Foy =K /(KpctKcptKotKy) =
f Fq —Kd/(KBC+KCD+K +Kcl) =
Joint D: foc'—-Kco/(KcoJrK wtKa) 5
 Foy —Ka,/(KCD’*'K Kd) =
| Fa =Kd(KeotKatKa) =

i
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 1

Calculations | \ _iomp_ut, N

Casel Span l & 2 ‘design permanent & variable loads 1. 3SGk+ 1 5Qk |
o Span3 de5|gn permanent loads 1.35G
Fixed end moment :
- Min 'MAB—MBA-WIL 12
51.9 kN/m | 28.0 kN/m |3. = 548 x6.0 /12
= - 164.5 KNm
. -Myc=Mcg = w,L,/12
= 519 x6.0 /12
6.0 m 1 6.0 m = 155.7 kNm
s, -Mep=Mpc= WyL /12
= 280 x6.0 /12
= 839 KkNm _

e
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» Analysis of one level sub-fame : CASE 1

Example: One Level Sub-Frame

Moment distribution

858

0.17
s
0.40
46.80
0.28

0.25

40.9

0.4

1
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 1

| Shear force :

191.3/176.5x 519 41342116.8x 28.0  #40.6

M @ B =0 |
6.0V, - (548 x6.0x3.00+ 1913 -9L1 =

Ve = (987.13-1913 +91.1)/60 =  147.8 kN
Vea = ( 54.8x 6.0)- 147.8 = 1812 kN
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 1

60 Vee - (519 x60x3.0)+ 1342 -1765 = 0
Ve = (934.03-1342+1765)/60 = 1627 kN
Veg = ( 51.9x 6.0)- 162.7 = 1486 kN

| *M@D=0 | .

60 Vep - (280x60x3.0)- 1168 +406 = 0
 Vep = (503.56 +1168 -40.6)/60 = 96.6 kN

. Vpe = ( 280x 6.0)- 966 = 71.2 kN
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 1

147.8

:Shear force and bending moment diagrams

162.7_
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 2

| : | ; i
Ref | a | Calculations NS S EO"tp_!!t ——_—

Case 2 Span 2&3 desngn permanent & vanable loads .3SGR+ 1 SQ.‘
] Span 1 design permanent loads 1 Z!»SGk | %
Fixed end moment :

Min "MAB—MBA—W!L "/12

280N | SLOKN/m | S48KNm |3sm = 280 x60 Y12

= 8.9 kNm
Mge=Mcg = sz22/12 |
= 519 x6.0 Y12
= 1557 kNm
-Mcp=Mpc= wiL"/12
= 548/ x60 12
= 164.5 KNm
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 2

~ Shear force and bending moment diagrams

712 ' 1486
e

<—)| o J(-——29—>|
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 3

| Case 3 S 183 ditien prmsment & variable oads 1 3SGk+ 1. SQ.‘ B
' Span 2 desngn permanent loads .3SGk

— | g T - leed end mOment

v s 4 erare e osie o -l ot oy s e -—— . oo

_ Max | Mln _ Max - 'MAB—MBA_ WlL /12
26.6 KN/m Sm = 548 x60 Y12

-MBC—MCB=w,L,2/12 )
= 266 x6.0 %12
%"w7mm’“”“

-Mcp=Mpc = w,L,/12
= 548 x60 /12
_=-: 164.5 kva
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 3

Shear f"orce and bending moment diagrams

154.6I~._
~.:
~Jd
1 ey
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 4

Ret| Calculations Output

Case4 Sphn 2 design permanent & variable loads 1.35 G.A,‘V-I-AI.SQA K
| | Span 1 & 3 design permanent loads 1.35G .
— ; — | - - %8 Fixed end moment :
Min Max WM, S Mg =Mps= w\L,"/12
28.0 kN/m 51.9 kN/m 28.0 kN/m |3. = 280 x602/12
Myc=Msg= Wal /12
= 519 x6.0 /12
= 155.7 kNm
-Mcp=Mpe= w,L*/12
= 280 x6.0 Y12
= 83.9 kNm
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : CASE 4

Shear for_ce and bending moment diagrams -

702~
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Example: One Level Sub-Frame

» Analysis of one level sub-fame : ENVELOPE

Shear Force Envelop

With Wisdom We Explore



Example: Two Point Sub-Frame

Beam A-B (Beam C-D similar)

_ j,_C,?S? 1: Span 1 design permanent & variable '03‘,'5_'-35Gk+,_‘ -..5Q k. A
: i Span 2 design permanent & variable loads lstk + ':5.,Q-s.

| Fiedendmoment: |
Max -M 4g =MBA=,,WlLlZ%,/,'_2__.A. L
51.89 kKN/m = 548 x6.0 /12
| = 1645KNm
E: 3.75 -Mgc=Mcg = w,L," /12
40| = 519 x6.0 /12
' 6.0m — 1557 kKNm

~ 3
Distribution factor: ,
Joint A: Fap= (7.5+ 46+ 40) 0.47
‘ Fo = (71.5+ 46+ 40) = 0.28
| Fy = (75+ 46+ 40 : = | 025
~ Joint B: Fg,= (7.5+ 3.75+ 40+ 46)= 038 |
| = (7.5+ 375+ 40+ 46)= 019
(75+ 38+ 40+ 46)= 020
(1.5+ 38+ 40+ 46)= 023
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Example: Two Point Sub-Frame

~ Moment distribution

(4936 |
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Example: Two Point Sub-Frame

Case 278pan 1 design permanent & variable loads 1.35G  + 1.5Q,
! Span 2 design permanent loads 1.35G,

- Max e Mm yiism Fixed end momcnt :

‘ Map=Mpp= w,L/12
© 54.84 KN/m | 26.58 kN/m = 548 x6.0 /12
= 164.5 KNm

7.5 3.75 My =Mcg= w,L, /12
40| = 266 x6.0 /12
6.0 m 6.0 m = 79.7 KNm

A B
Distribution factor:
Joint A} Fag = S/ (7.5+ 46+ 4.0)
Fo = 46/ (15+ 46+ 4.0)
' Fy = 40/ (1.5+ 46+ 40) =
Joint B; Fga= 7.5/ (7.5+ 3.75+ 4.0+ 4.6)=
o (7.5+ 375+ 4.0+ 4.6)=
(7.5+ 3.8+ 40+ 4.6)=
(7.5+ 3.8+ 4.0+ 4.6)=
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Example: Two Point Sub-Frame

 Moment distribution
53.63
0.20
2.07
4.56
46.80
0.28
0.25

40.9

4.0

1.8

0.2 : 1 0. k
46.9 | 71 -29.7
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Example: Two Point Sub-Frame

Shear force :
Case 1

926 x 548 »186.3
=1 1 |

§

60 Vs - (548 x60x3.0)+ 1863 -926 = 0
Vae, = ( 987.13-1863 +92.6)/6.0 =
Vea., = ( 54.8x 6.0)- 1489 =

Case 2
1006'( 54.8 ,15‘)7

T’ \T

SM@B =
6.0 Vap - (548 x6.0x3.0)+ 159.7 -100.6 = 0
Vi = ( 987.13-159.7 +100.6)/6.0 = 1547 kN
= ( 548x 6.0)- 154.7 = 1744 kN
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Example: Two Point Sub-Frame

Shear force and bending moment diagram

_1347]
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Example: Two Point Sub-Frame

Beam B-C .,
Case 1: Span 1 and 2 desngn permanent & variable loads 1 S35G i+ L. SQk

Span 3 desxgn permanent load 1.35G
. E e r : A leedendmoment -
“4.5 o | N “2.“
54.84 kN/m | 51.89 kN/m  27.98 kKN/m = 548 x60 "’/12
’, e e '| g
3.75 : ; | 3.75 Mge=Meg= wil, 112
A Rt 5 : SRS, Sl D \ &
4.0 | | = 519 x6.0 /12
P R = 155.7 kNm
60m |=¢ |6 Mcep=Mpe= wiL /12
) = 280 x60 Y12
=  83.9 kNm

B

6.0 m

Distribution factor: %
Joint B: Fga= 3.75/(3.75+ 4.
= 750/ (3.75+
457/ (3.75+ ¢
= 4.00/(3.75+
= 7.50/:(3.75 +
375/ (3.75+
= 4.57/3.75 +,
4.00/ (3.75 +
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Example: Two Point Sub-Frame

Moment distribution

1.13
0.11
-0.07
3.13
-2.04
0.23
0.20

-1.8

2.7

-0.1

0.1
1.0
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Example: Two Point Sub-Frame

Case 2: Span 2 design permanent & variable loads 1.35G  + .50 £
: Span1and3 design permanent load 1.35G Y
| J— - Fixedend moment: |
46 ool 1o -Mpp=Mgy= w\L7/12
27.98 kN/m | 51.89 kN/m . 27.98 kN/m = 280 x6.0 Y12
r e o - 89kNm
3.75 7.50 L 3. Mgc=Mcp = w,L,2/12
” 4.0 | = 519 x60 /12
- e
Mep=Mpe= wiL2/12
= 280 x6.0 12
= 83.9 kNm

A

Distribution factor:
Jont B: Fga= 3.75/(3.75+
7.50/ (3.75 +
4.57/(3.75 +
4.00/ (3.75 +
7.50/(3.75 +
L 3.75/:(3.75 +
4.57/(3.75+
= 400/(3.75+
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Example: Two Point Sub-Frame

Moment distribution
[ 20.38
0.11
0.59
3.13
16.55
0.23
0.20

14.5

2.7

0.5

0.1
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Example: Two Point Sub-Frame

) Shear ﬁ)rce
‘ Case 1

l676\ 519 ,1290

T/ o1

Vee

;ZM@C

6.0 Vpc - (519x60x_)0)+ 1290 -167.6 = 0
Vee, = ( 934.03 - 129.0 +167.6 ) /60 =  162.1 kN

- Case 2
1389‘ 519 »138.9

T/ ==3

VBC VCB

suac-
6.0 Vgc - (51.9x6.0x3.00+ 1389 -1389 = 0

Vas = (934.03-1389 +138.9)/60 = 1557 kN
= ( 519x 60)- 1557 = 1557 kN
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Example: Two Point Sub-Frame

Shear force and bending moment diagram

16217~ _
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Example: One Point Sub-Frame

Contmuous Beam :
A ;Bending moment and shear force in beam.

Moment of Inertia :
I = bh’N12 = 250 x 600%12 = 450 x 10° mm’

Stiffness :

AB kg =0.751/L = 3.38x10”/ 6000= 5.63x 10’ mm’
BC:kge = I/L= 450 x 10/ 6000= 7.5x 10" mm’
CD: kep=0.751/L = 3.38x10°/ 6000= 5.63x 10°mm’
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Example: One Point Sub-Frame

Distribution factor:
JOht A: F‘:\B a7 kBA/(k AB+ 0 ) ‘
— 563/(563+ 000) =

Joint B: Fg, = kap/(k Apt k BC)
= 5.63/(563+ 7500 = 043

Fae = kpc/ltk xgt k pe)
= 7.50/(5.63 + 7.50)‘ = 0.57

Joint C: Fge = a(‘/(ku(+k(b)
—l 750/(75+? 563) = ,_0.757

| Fco = kcep/lkpet & cp) ]
7 =, , 5.63 /(75+ | 5 63) = 043
| | ——

P fpe = k(‘o/(k CD+ 0) .
= 563/(563 H s 000)
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Example: One Point Sub-Frame

Case 1: Span 1 & 2 design permanent & variable loads 1.35G .+ 1.50,
Span 3 design permanent loads 1.35G
S48 kN/m  51.9kN/m  28.0 kN/m

1
6.0 m 6.0 m T <om ID

A j €

Fixed End Moment :
Mug =Mga = w,L,2/12=| 5484 x6.0°/12 = 164.5 kNm
Mye = Meg = w,oL,12= 51.89 x6.07/12 = 155.7 kNm
-Mcp= Mpe = w;iLi%12=| 2798 x6.0°/12 83.9 kNm
Moment Distribution :
0.00 | 1.00 0.43 | 0.57 0.57 1.00
-164.5 164.5 | -155.7 155.7 83.9
164.5 38 | =51 -41.0 -83.9
82.3 | 205 25
-26.5 | -35.3 25.4
12.7 -17.6
54 | -73 10.1
5.0 -3.6
22 | 29 i 2.1
1.0 -1.4
04 | -06 0.8
-208.5 127.8
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Example: One Point Sub-Frame

Shear force :

54.8 11'7085 2085\ 51.9 112781278\ 28.0

VI/ SERLET

 Ves

Vg

=0
| Vagl 129.8 kN
T ""VBA';*”= ( 548x 60)-5? 193 kN
tmM@c-o0 _—
6.0 Vg ’i (51.9 x6.0x3.0)+ 1278 -2085 = 0

Vec, = (93403 -127s§+2085)/60—“f* 169.1 kN
Vel ( 51.9x 60)-?]691 =

60 Vcp - (280 x60x§30)- 1278 -
Vep = (50356 +]278)/60

Voo, = ( 280x 6.0)- | 1052
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Example: One Point Sub-Frame

- Case 2: Span2 & 3 design permanent & variable loads 1.35G  + 1.50,

~ Span 1 design permanent loads 1.35G,
~ 28.0 KN/m 51.9 kN/m 54.8 kN/m

—

1 = B = |
“T som I 6.0m I~ olm ' 1
A ﬁ B C D
Fixed End Moment : -

1-Mup =Mga = w;L,;2/12=] 2798 x60 /12 | = 83.9 kKNm
" Mpe = Mcp = w,L,2/12= 5189 x60°/12 = 155.7 kNm
-Mcp= Mpc = wsL/12= 5484 x6.0°/12 = 164.5 kKNm
Moment Distribution :

0.00 | 1.00 0.43 0.57 1.00
-83.9 83.9 155.7 164.5
83.9 30.7 51 | 3. -164.5

42.0 s 20.5
-19.1 35.3
-12.7
-7.6 73
-5.0
-1.6 . 2.9
-1.0

-0.6 0.6
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Example: One Point Sub-Frame

 Shear force :

280 #1278 127.% 519 5208520858 548

T y— \T T/ T T/ m—

" VAB b 1 Vex | ¥oe | Veg | Vep
ZM @B - B

60V -] (280x60xo0)+ 1278 {= 0| |

| Vas = (50356-1278)/60 = | 626kN | "

| Vea = ((280x60)- 626 = | 1052kN |
HZM@C,”,. | | |

60 Vac - (519x60x30)+ 2085 -1278 = 0

f = ((934.03 -208.5 +127.8 /6.0= 142_sz ENEE |

d 519x 60)- | 1422 =

| (48 x60x30)- 2085 f .5 SN SN N S—
(1 987.13 +2085)/60 =  19. |

(| 548x 6.0)- 1993
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Example: One Point Sub-Frame

Case 3: Span 1 & 3 design permanent & variable loads 1.35G .+ 1.50,
Span 2 design permanent loads 1.35G

54.8 kN/m

26.6 KN/m

54.8 kKN/m

1 6.0 m
A -
Fixed End Moment :

‘lw__\B :MB.-\ . \V[L|2/12 —
= w,oL, /12 =i
Mcp= Mpe = wi;L/12=

-Mgc = Mcg

Moment Distribution :

0.00 | 1.00

B

i

x6.02/12
x6.02/12
x6.02/712

54.84
26.58
54.84

6.0m 6.0 m

D

0.43

0.57 0.57

164.5 kNm :
79.7 KNm
164.5 kNm

1.00

-164.5
164.5

164.5
-36.3

79.7
48.4

-79.7
-48.4

82.3
-45.6

-24.2
60.8

242
-60.8

-13.0

30.4 304
-17.4 17.4

i35

8.7 8.7
5.0 | 5.0

-1.1

2.5 -2.5
-1.4 1.4
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Example: One Point Sub-Frame

e

Shear force :

i
,. | V'.\B
EIM@B -
. 60 Vap -

Vea =

IM@C =
6.0/ Vac -

Vac :

| Vel
“;sz @ D =
60 Vs~

R

Ven, =
Ve |

7.0 147(>\ 26.6 21470147'9_\_$3ﬁ ]

T/ \T T/

- VCB _
(548 x60x30)+ 1470 1=0]
1400 kN
189.0 kN

[
LY
6.0

| Vea VDC.

( 987.13-147.0)/60 =
(548x 6.0) - 140.0 = |

1470 = 0 |
79 7N
79.7 KN

(26.6 x 6.0 x 3.0) + *1470 |
(47841 - 147.0 +l470)/60-i
( 266x 60)-_.; 797 = |

O

(548 x6.0x3.0)- 1470 l=0o]
((987.13 +147.0)/60 . =  189.0 kN
( 548x 6.0)- 189.0 = | 140.0kN
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Example: One Point Sub-Frame

Case 4: Span 2 design permanent & variable loads 1.35G , + 1.5Q,,
Span 1 & 3 design permanent loads 1.35G
280kN/m  S51.9kN/m  28.0 kN/m

rs.oim 6.0/m com 1
. O o S .

Fixed End Moment : _
Map =Miy = wiLH12=: 2798 x60 712 = 83.9 kNm
Mge = Mcg = w,L,"/12= 51.89 x6.0°/12 = 155.7 kKNm
Mep= Mpe = w;L;/12= 2798 x6.03%/12 = 83.9 kNm
Moment Distribution :

0.00 | 1.00 043 | 0.57 0.57 1.00
-83.9 83.9 |-155.7 155.7 83.9
83.9 30.7 | 41.0 -41.0 -83.9

42.0 | -20.5 20.5

92 | -12.3 12.3
6.1 | -6.1
26 | 35 3.5
1.8 1R
08 | -1.0 1.0
0.5 -0.5
02 | -0.3 0.3
-143.8 143.8
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Example: One Point Sub-Frame

_Shcar force :

41438 143.8x 280
T A

60 | Was - (28 0 x6.0x 3.0)+ ’1’43;_'_8‘
V_ABT = (503.56-1438)/60 = 60.0 kN

A 0 A PRI B

Vpa = ( 280x 60)- 600 = 107.9kN

45 S

IM@C=0 ]
 6.0Vpc - (519x60x30)+ 1438 -1438 = 0
Ve = (93403 -143.8 +1438)/60—f 1S5.7kN
|| Vel = (519x 6.0)- 1557 = I557KN
IM@D-= | ]
60V - (280x60x30)- i438
. Vep = (/503.56 +143.8)/60 =
Voo, = (280X 60)- 1079 =
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Example: One Point Sub-Frame

Shear Force Diagram

797 1 N
422z
155.7
169.1

Distance Mid-span moment
Span 1 —
= 129.8/ : -~ 129.8x24/2 =  153.6 kNm
= 62.6/ = 62.6x22/2 = 701 kNm
1140.0/ ;= 1400x26/2 = 178.8 kKNm
= 60.0/ 60.0x 2.1/2 64.2 KNm

= (169.1 x3.3/2) -208.5 =67.1 KNm
(1422 x2.772) -127.8 =67.1 kNm
(79.7 x3.02) -147.0 -=27.4 kNm
(155.7 x3.0/2) -143.8 =89.7 kNm
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Example: One Point Sub-Frame

1052/ 280= 3.8m = (1052 x3.872) - 127.8 =70.1 kNm _
199.3/ 54.8= 3.6m (199.3 x3.6/2) - 208.5 =153.6 kNm
189.0/ 548= 3.4m = (189.0 x3.472) - 147.0 =178.8 kNm

1 107.9/ 280= 39m . = (1079 x3.972) - 143.8 =64.2 kNm

Béillld:"ing:_,Morvﬁent Diagram

208.5
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Example: One Point Sub-Frame

 Sub-frame: Bending Momenf_in v(jo:l_uvmns_

Momen of Inertia : / =bh*/12
Column: / = 300 x 400°/12= 1.6 x 10" mm"
Beam: / = 250 x 600°/12=4.5x 10° mm'

Stiffness : K =1L |
Columny,,,. : K4 = 1.6x 10°/ 4.6 x 10" mm’
Column,,, : K, = 1.6x 107/ 4.0 x 10° mm’
Beam: K 45x 10°/ 7.5 x 10" mm’'
45x 10°/ 7.5 x 10° mm’
45x 100/ 7.5 x 10° mm’
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Example: One Point Sub-Frame

K., FEM = wL*/12
G 54.8 kN/m 548 x6.0°/12
) | = 164.52 kNm

0.5K
Ky AB

1 6.0m

Moment in upper column,

M = FEM x K (Kqt+ Kyt Kyf2)

= 1645 x4.0/ (40+ 4.6+ 3.8)
= 534 kNm

Moment in lowercColumn,
M = FEM xKq/(Ko+Ka+Ky2)
" 164.5 x4.6/ (4o+ 4.6 + 38)
61.0 kNm ‘
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Example:

One Point Sub-Frame

Koy | FEM,

N

6.0 m

>,
Kei

60m -

05Kee TEM;=

| Wiz
266 KNm =

54.8 x6.0°/12
wL?/12

26.6 x6.0°/12

79.7 KNm

AM = FEM,-FEM, = 164.5-79.7 = 84.8 kNm

Moment in upper column,
M = AM XK‘u /(Kcu+Kc|+0'5K/\B + O.SKB(')

= 848 x4.0/(40+ 46+ 3.75+3.75)
= 21.1 kNm ‘

Moment in lower column,
M = AM xKq/K o+ Kg+0.5K \p +0.5Kgc)
84.8 x4.6/(40+ 46+ 3.75+3.75)
24.1 kNm -
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Example: One Point Sub-Frame

Column C

K.  FEM,= wL'12
54.8 KN/m = 266 x6.0°/12
BT = 797 kNm
’Kc 0.5Kae FEM3= wL’/12 2
= 548 x6.0°/12
6.0m 6.0 m = 164.5 kNm

AM = FEM,-FEM, = 164.5-79.7 = 84.8 kNm

Moment in upper column, |

M = AM xK,/(Kq +1<c.+051<,,c+051<w)
= 84.8)x40//40+ 46+ |3.751[3.75)
= 2llkNm ' | |

Moment n lower column,
| M = AMXKd/(K +Kcl+05KBC+05KCD)

2 848 x46/(40+ 46+ | 375+375) |
= oi@m | ||

Y.
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Example: One Point Sub-Frame

Column D

K, FEM = wL?/12

54.8 KN/m _ = 548 x6.0%/12

] = 164.52 kNm

0.5Kcp &,
C

6.0 m

Moment in upper column,

M = FEM XK (Kq+Kyg+0.5Kcp)
= 164.5 x4.0/ (4.0+ 4.6+ 3.8)
= 53.4 kNm

Moment in lowercColumn,

M = FEM xK4 4 /(K. +Ky+0.5K¢p)
= 1645 x4.6/ (40+ 46+ 3.8)
= 61.0 kNm |

With Wisdom We Explore



