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Tall Buildin
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Moscow City Palace Tower (Russia)
Twisting 46-story Building with Composite§-glumns




Tall Building Projects

Kingdom Tower (Saudi Arabia) " |“l
Over 1,000 meters in height




Tall Building Projects

Burj Khalifa (UAE)
The World's Tallest Building S
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What is Construction Stage?

e Structural analysis 2 built and loaded in a moment.

« Construction of structures is a time taking process and during this period

Material Properties, Loads and Boundaries conditions may change.

Dead Load + Live Load

LL,WL,EQ Acts




Why is CS Analysis Required?

Conventional Analysis

10.0
10.0

Superposition on same structuvg, S
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Why is CS Analysis Required?
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Construction Stage Analysis
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Why is CS Analysis Required?

Conventional Analysis CS Analysis
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Where is CS Analysis Considered?

v Long Span Trusses

e il :
Support during Erection

7 . S
I =
@ml--m—ll-lﬂ‘% 21 I

v Long Span Slabs and Beams constructed in multiple stages

CS Change in Support Conditions, Loagilig
Ana|ysis 9 and Structural Configuration ™+

midas Gen
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Importance of Column Shortening
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Differential shortening in Columns - Additional forces in Beams and Slabs
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Effects of Column Shortening in Buildings

Steel Building > 80 Storey Concrete Building - 80 Storey

Elastic Shortening ~ 180-255 mm Elastic Shortening ~ 65 mm

Total Shortening ~ 180-230 mm

*Inelastic Shortening ~ 1 to 3 times Elastic shortening.

With increased height of structures, the effect of column shortening /(Fiastic &
Inelastic) take on added significance and need special consideration in a€sign and

construction.
12
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Compensation for Column Shortening
in Buildings

Depending on the stage of
construction:

* Pre-slab installation shortenings:

Shortenings taking place up to the time of slab
installation

« Post-slab installation shortenings:

Shortenings taking place after the time of slab
installation ® Compensation

@ ' Design Level

@ Pre-slab Installation shortening

@' Post-slab Installatior: shortening

13
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Compensation for Column Shortening
in Buildings

Depending on the construction material:

« Reinforced Concrete Structure
> Pre-slab installation shortenings have no importance
» Compensation by leveling the forms

> Post-slab installation shortenings due to subsequent

loads and creep/shrinkage

:Compensation

' Design Level

Pre-slab Installation shortening

® @ &

Post-slab Installatior: shortening
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Effects of Column Shortening in Buildings

Structural Effects

» Slabs may not be truly horizontal after some time.

» Beams could be subjected to higher bending moments.

> Load transfer. I
Non-Structural Effects
> Cracks in Partition Walls

> Inclination in Pipelines |

> Deformation of vertical systems
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CS Analysis Steps in GEN
PROCEDURE

Define material and sections

Define and link time - Creep, Shrinkage and Compressive
dependent material strength Variation
properties with material

Assign elements, o EE— P
boundaries and loads to the T, -
specific groups

- Specify duration of CS

stage, elements loads and
boundary activation and

Perform analysis and check deactivation

results g 1.6

midas Gen

Specify CS analysis data




in GEN
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Result Interpretat

Base Stage

loads and boundary conditions

To edit the elements,

Construction Stage Results

Results for each CS can be viewed including the creep and shrinkage effects

Post CS

Results for the loads acting outside the CS (Seismic, wind, temperature, etc)
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Demonstration

Live
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Live Demonstration

Construction Stage Definitions

| 8 Construction Stage

LoadCase  Self Weight w StoryIner 1 = Stage Duration 7 < Member Age 7
8 Superimposed Dead Load 1
LoadCasz  SIDL w Story Incr 2 = Starting Day 1 Day Iner 3
B Superimposed Dead Load 2
LoadCase  Live load w Story Incr. 10 o Starting Day 100 = Day Iner. 1
[ Superimposed Dead Load 3
LoadCase StoryIncr. 0 Starting Day 0 Day Incr. 0
O Cancel

CS-1

midas Gen

Load: Self Weight

Stage Duration: 7 Days
Member age: 7 Days
Story Increment: 1

Load: Self Weight
Stage Duration: 7 Days
Member age: 7 Days
Story Increment: 1
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Live Demonstration

Construction Stage Definitions

IR
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CS-11
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L

| Load: SIDL

Stage Duration: 7 Days
Starting day: 71st Day

Story Increment: 2

Day Increament: 3 RS

20



Live Demonstration

Construction Stage Definitions

|

|| R |
Y
Y P U Y VR vk g W v V3 v vy
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R EFEEEE'
IV I3 I st s Vv V33 d++ 3% Load: Live Load

| , : . Stage Duration: 17 Days

Starting day: 100th Day
CS- Dummy Story Increment: 10

Day increment: 1 day
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Capabilities of CS Analysis in GEN

Column Shortening Graphs

Data Availability

v’ Separate data for shortening by elastic deformations, creep and
shrinkage.
v Data for up to casting and subsequent to casting.

Function : _Creep Up / _Elst Up / _Shrnk Up / _Ttl Up(CS long tern)
RERE 15 24 4.65) B o
ar g gy’ - -

N B _E1sc_Up(nm)
108 | Il sk Upiom)
] [ _Te1_Up (rm)

— - Summary -

* Max:4.767e+00 N N\
at Roof
I | | \ \ 1 | \ \ | [ | \ | | [ \ \ | | [ | | | \ I | | | | 1 ¥ Mini-0.000e400
at 2F
stststst cement (mm}
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Capabilities of CS Analysis in GEN
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Capabilities of CS Analysis in GEN

midas Gen

Composite Section in CS

Section Data
DB/User | Value SRC

Section ID 4

Name

Offset:  Center-Center

Change Offset ...

Shape

Combined | Tapered | Composite |

[E] rect-Beam

Concrete Data

HC 3 ft
BC 3 ft
Steel Data
© user ) DB
Steel Name
H 25 ft
Bl 2.5 ft
tw 0.3 ft
tf1 0.3 ft
B2 2.5 ft
tf2 0.3 ft
Matenal
Select Material from DB...
Es/Ec 0
Ds/Dc 0
Ps 0 Pc 0
Combined Ratio of Conc. 1
Replace © steel

Consider Shear Deformation.

Consider Warping Effect(7th DOF)

Active Stage #Cs01
Saction 4 4: SRC
Composite Type MNormal
Section Type SRC
Section Shape RHE
Element List
Construction Sequence
Material Composite - Stiff. |Comip|
Part Type Material Stage Age| h [fvis | M | Stff Scale
1 |Materia |2 S45 |Active Sta o/ offoo] 00
2 |Materia |1: Grad [#CS02 7 0 0.0] 0.0
0K Cancel Apply

Show Calculation Resuits...

OK Cancel

Apply

24



Wind Load Analysis

Wind load cases

v" Wind load in X direction
v" Wind load in Y direction

midas Gen

Add/Modify Wind Load Specification X Add/Modify Wind Load Specification X
Load Case Name : WX i Load Case Name : WY ==
Wind Load Code :  Eurocode-1(2003) v | Import Wind Load Code :  Eurocode-1(2003) ~ | Import
National Annex : Singapore ~ National Annex : Singapors w
Description : Description
~[=]Wind Load P: [ Wind Load Parameters

Structure Type 2 w Structure Type 2 ~

Friction Cosfficient (Cfr) 0 Friction Coefficient (Cfr) o

Fund. Basic Wind Velocity (Vb,0) 20 [m's] Fund. Basic Wind Velocity (Vb,0) 20 [m's]

Directional Factor (Cdir) 1 Directional Factor (Cdir) 1

Seasonal Factor (Cseason) 1 Seazonal Factor (Czeazon) 1

Turbulence Factor (K1) 1 Turbulence Factor (K1) 1

Building Height (h) 38.65 m Building Height (h) 3865 m

External Pressure Coefficients External Pressure Coefficients

© Automatic (C) User Defined
[ Windward(A=10) | Windward(A=1) | Leeward Coef
0.8 1 07

Lack of Correlation Factor
© Automatic () User Defined 1

Parameters for Mean Wind Velocity (Vm)...

Structural Factor (CsCd) r

[C) Load Evaluation Using Force Coefficient
Force Coefficient (Cf) 1

Wind Load Direction Factor (Scale Factor)
I XDir 1 I ¥Dir 0 ZFot. 0

Additional Wind Loads (Unit:kN,m)

Story | Add-X | Add-Y | Add-RZ | Add
Wind Load Profile... Cancel || Apply

© Automatic (O) User Defined
| Windward(A=10) | Windward(A=1) | Leeward Coef.
0.8 1 07

Lack of Correlation Factor
O Automatic () User Defined 1

Parameters for Mean Wind Velocity (Vm)...
Structural Factor (C=Cd) 1

(" Load Evaluation Using Force Coefficient
Force Coefficient (Cf) 1

Wind Load Direction Factor (Scale Factor

Additional Wind Loads (UnitN,m)
Story | Add-X | Add-Y | Add-RZ I I Add
—

NS

Cancl ) _Appiy

Wind Load Profile...




Wind Load Analysis

° ° Wind Load Profile X
Wind load Profile Comprce skt ot
O XDk ) Story Foree Boof
[@)r2 () Story Shear 121
v’ Story shear S ] |
[@F:5: 1078
v I oaded | Loaded
SF
Overturning moment |[& T e [ ==
Name H B ar
Roof 38.65 0.7831894 | 1.575 2025
5 12F 355 0.7831894 | 3.15 2025 P
Add/Modify Wind Load Specification X 11F 3235 0.7831894 | 3.15 2025 [
| 10F 292 17831894 | 315 20325 B
| Load Case Name - WX v 9F 26.05 07331894 [ 3.15 20.25 E
| WindLoad Code :  Enrocode-1(2003) v| Import | | 229 07831894 | 3.15 2025 ar
7F 1875 17831894 | 315 2035
National Annex Smgapore v 6F 166 07124817 | 315 2025 F
Description : aF
1 ’EWmdLmdeametﬁs | E.L. H
Structure Type 2 ~ File Name: D Training Webinar New folder'12 story Buildit o 2000 5000 8000 11000
Friction Cosfficient (Cf) 0 Make Wind Load Cale. Shest Browse Oversurning Homens
Fund. Basic Wind Velocity (Vb,0) 20 [mis]
Directional Factor (Cdir) 1 Close
Seazonal Factor (Cazazon) 1
Turbulence Factor (K1) L Wind Load Profile X
Building Height (1) 38630 mm
External Pressure Coefficients (o .eut
© Automatic () User Defined | O XDir
| Windward(A=10) | Windward(A=1) | Leeward Coef. O Y-Dir
L L A7) OX&YDi
Lack of Corralation Factor (C)SRS3
© Automatic () User Defined o B
Story Loaded Loaded [B MIDAS/Text Editor - [12 story Building.wpf] - (u] X
Parameters for Mean Wind Velocity (Vi) Marne Elev. |Pressure H B (5 File Edit View Window Help _ e x
DEHSRE|  BE 2 #Ha o B etk -alr@eensEs 2
Structurel Factor (CsCd) 1 Roof 3365 0.7831894 | 1.575 2025 e .
12F) 355 0.7831894 | 3.15 2025 WIND 10ADS BASED ON EUROGODE-1(2003) [T K,
() Load Evatuation Using Force Cosficisnt 11F 3235 07831894 | 315 2025 e
Force Coefficient (Cf) 1 fiog 2z LT[ 0E 20z e Aassieans Hins Force B e
oF 26.05 0.7831894 | 3.15 2025 External Force Buye -t + Arer
0008 Frictional Force Ffr = Pfr * Afr
8F 238 0.7831894 | 3.15 2025 o00s Net Wind Pressure Across o Surface Bf 2 CsCd * (He_fromt - We rear) * Tack
Wind Load Direction Factor (Scale Factor) 7F 19.75 07831884 | 3.15 2025 = i ey Tresoune i side i gl A
| XD 1 YD 0 ZRot 0 6F 166 0.7124817 | 3.15 2025 iz Exposure Factor lee -
i R — 0014 Peak Velocity Pressure :0p 0.5 & (1 & 7 % Iv) * tho * Vm * Vm
Additional Wind Loads (UnitN.mm) 001 Tumoalence Tntensiry 1 L, Y
ndd :gl; gﬁﬂl’.‘l Har.lddvsl;lclty lT/jet]] H g = g; N 0 -
Story | Add-X | Add-Y | Add. RZl = File Name:  D:TrainingWebinar New folder\12 story Buildit 200 200 s00 0019 Ronghnose Taoter LCr sEes ],.E AN
| | | ‘ I = Aiz Demsity [kg / W3] ho = l.184
I Make Wind Load Calc. Sheet | Browse oy Eheas (PR 3
[Ready Ln0/248, Col1 [ [num 4

Wind Load Profile N | Cancl

midas Gen
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Wind Load Analysis

Start Page MIDAS/Gen Result-[Story Drif Result-[Story Displacement] X ﬁ
St o re C h e C k S Load Level | Story Heignt| Madmum CIEEE Maximum /
y Case Node Story (mm) (mm) Displacement Displacement CEEEs
(mm} (mm)
. WX 385 Roof 38650.00 0.00 4.0058 4.0059 1.0000
\/ Sto ry Drlft WX 353 |12F 35500.00 3150.00 3.9536 3.9536 1.0000
WX 321 1TF 32350.00 3150.00 3.8548 3.8548 1.0000
/ L] WX 289 10F 25200.00 3150.00 3.7004 3.7004 1.0000
Story D|sp|acement Wz o 05000 315000 sas7 14578 1.0000
. . . WX 225 8F 22500.00 3150.00 32168 32168 1.0000
WX 181 6F 16500.00 3150.00 2.5034 25034 1.0000
WX 129 5F 13450.00 3150.00 2.0653 20653 1.0000
WX a7 4F 10300.00 3150.00 1.5763 1.5763 1.0000
WX 65 3F 7150.00 3150.00 1.0439 1.0439 1.0000
WX 2F 4000.00 3150.00 0.4949 0.4949 1.0000
» 0.0000
Result-[Story Drift]
P_Delta Maximum Drift of All Vertical Elements Drift at the Center of Mass
Foad Stary ::;t Inc;en;emal Allowable Story Story Drift | Modified Drift | Story Drift Story Dritt | Modified Drift | DR FaCtor oo nrig
Case (mm) ?a;}'r DriftRatio | Hode {mm) (mm) Ratio AL (mm) (mm) (M“';"#t';”cur Ratio Remark
RWMC Mot Used, Cd=1, le=1.5, Scale Factor=1, Allowable Ratio=0.015
Press right mouse button and click *Set Story Drift Parameters..." menu to change RMC or Cd/le/Scale FactorfAllowable Ratio/Beta!
» 0.0523 |
WX 7 3150.00 1.00 0.0150 323 0.0887 0.0887 0.0000 | OK 0.0887 0.0887 1.0000 0.0000 | OK
WX 10F 3150.00 1.00 0.0150 23 0.1545 0.1545 0.0000 | OK 0.1545 0.1545 1.0000 0.0000 |OK
WX SF 3150.00 1.00 0.0150 259 0.2125 0.2125 0.0001 |OK 0.2125 0.2125 1.0000 0.0001 |OK
WX [eF 3150.00 1004 [& Start Page | K% MIDAS/Gen | K% Result-[Story Drift] | (% Result [Story Displacement] ~ L% Result-[Torsional Iregularity Check]
WX TF 3150.00 1.00
WX 6F 3150.00 1.00 Average Value of Extreme Points Maximum Value
m i ::ﬂ 1$ Load Case| Story 'Er?::')' sm?;nﬁ'gm Story Drift 1.2*Story Drift Node Story Drift Remark
WX 3F 3150.00 1.00 (mm} (mmm} (mmj
WX 2F 3150.00 1.00
WX 1F 400000 1.00 Wi 12F 35500.00 3150.00 0.0523 0.0628 355 0.0523 |Regular
Wi 11F 32350.00 3150.00 0.0987 0.1185 323 0.0987 |Regular
WX 10F 25200.00 3150.00 0.1545 0.1854 291 0.1545 |Regular "
WX 9F 26050.00 3150.00 0.2125 0.2551 259 0.2125 |Regular i !
Wi &F 22500.00 3150.00 0.2710 0.3252 227 0.2710 |Regular “ 4.
Wi TF 19750.00 3150.00 0.3288 0.3948 195 0.3288 |Regular N\
WX 6F 16500.00 3150.00 0.3847 0.4616 163 0.3847 |Regular
WX 5F 13450.00 3150.00 0.4381 0.5257 13 0.4381 |Regular
Wi 4F 10300.00 3150.00 04330 0.5868 99 0.4880 | Regular
Wi 3F 7150.00 3150.00 0.5324 0.6389 67 0.5324 |Regular
WX 2F 4000.00 3150.00 0.5430 0.6588 3 0.5480 |Regular 27
midas Gen » Regular




Summary

v" Studied the importance of construction stage analysis in
buildings

v' Learned the process of carrying out construction stage
Analysis in midas GEN

v’ Learned about column shortening analysis & how to
generate column shortening graphs

v' Studied the static wind load analysis, including

story checks

midas Gen
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