naaMausseuiAe U 12 I TumCivil.com

watinNssMIa: S‘UUTFISUEIS"IUQ"'IHSUEJ'IFI'IS

| == 4 |

I" §

4 = -
|3 B - 5

[IIF
¥

- BANNISEANLILL ’
&
- wnAalumMsaaniy ; s *
- . 9 :3 H
- mansannialpgeadne | /8
- wadiaseqluntsaanui : -
e # ,-u‘é.
"1-'1'
- |L:| - ﬁ]g@ﬁﬂﬁﬁ | — & -

!!!!!!!

]anuary 26 2013

Anek Siripanichgorn |




MABANITININWATUIAY 12 1) TumCivil.com 26 3.A. 56 (ﬁadﬂ?‘qﬁuuaaﬁgw INLLsmaﬂ'a‘%na%)

FuiinsansnsnIluaulay

AN aTWT A3Lng (11289 TumCivil) UaT  ATAAA FAWAIE WInNWae3 (Admin Ndu FB 389 TumCivil)

¥ 16.00 — 16.30 1. - Randun / SULONRIT 4 LAY + WK DVD + aT10N91% + Was BaIdd VDO 1w

51 17.00 — 19.00 1. Wf]@mﬁ&lLLavivUUIﬂNm’]\‘lmﬁiumﬂ’]i ..... Behavior and Structural Systems for Buildings

UIILNY INASA / RANNITBNUUL / LA

o Ol Tag SA.L0wN @SNIRBNT (NI5.
( 8@ VDO gsl#ene ) (8095.)

¥ 19.00 — 20.30 %b. - uusnIIRENWAN AT URIIRENLIN YRy

a o o £ o Aa
Tag WA.A3.09A8 IIBLAY LA HA.ANANA A11A2
(8@ VDO aslrehs )

Sesre Depgn gpicren o PR
BUILDING STRUCTURES .. et
= eI

BRIDGE DESIGN

o ¥ a o a a8 o (4
¥ LL%zu’m’]ﬂfﬁd']%U@]i')@iﬂFJLLﬂiﬂ I0UUANDIANT / UaT 12 1 Mﬂiiiimu

¥ 20.30 — 21.00 %. - muaspaanunsanlunslinmaingmiasasiu AEC
1oy A3.57I0BY LBIBHNN %38 Hunu / dunu
Aenyingludnsuan

lag .39 wan3 uaz 1ivaw 9lwnaa Facebook 289 TumCivil.com

¥ 20.00 — 20.45 . + TumCivil.com unzshuImMsuazszuuad gnidlaaalna
¥l 20.45 — 22.00 b - Wule waqe FIFTIONY WILWAI NWEIRIT
¥ 22.00 — 23.00 ib. © NNHAWANNATENAY ANANLANITEN

A a ' o v a a a a 3 a Aﬁ
AUINI9D1KI139 / IMIIRANULLADNNG LATDIAN LA LAIDIANLAANaTaR ARBAIIW LINLEIN 19.00 .
[ 1 v ]
* g @ansazakardinas inandalsunsaaie 9 sazsaysuazwiksie lamaazaan....
1 ¢ 1 @ [
MueInNa azad lnnsSnaln 2 - 3 a1fiad AdadinSaaans........

a

*Munanisuazan anatldsundaslamaanamanzas / IngnsusriwnsuiBgetvezlasansannla




TUMCIVIECOM

engfanatic sws




a1 . .
LAY Tumcivil.com

TUMCIVIECOM

Engineering Software Center
engfanatic swe

www.tumcivil.com

[ v % [ 6 ¢ v Aa A 1
L'J‘iJl“Ii@ﬂ‘ﬁﬂ'J'\NE AUINANNW ﬁ@ﬂ@lllﬁiﬂ'l%’)ﬁ’}lﬂiiﬂd na v‘!ﬂqmsaama ‘)

cloJJshared

uofaavpen. . . LLNTU IWGuLNTUTA 7AW

AN InaalAnT unniidarnan Tusrumanuf

www.gooshared.com

1 6 6 1 U 1 6 a
Llﬂdﬁ%lﬂa FAUINLUAZLBILDNATITIAT )NIIATWD I aanidag LLAzIFINIIN




q VRNV 6 6
1 ﬂ%ﬁﬂﬁ%ﬂﬁ%% az ddasuisas

9% 12 1) .... TumCivil.com

SWLENEN 26 ¥NI1AN 2556

WoINTITH uaaé?gm 71 3 (1393008831383 NIILNNY)

& umdnenaeinalulagssuonaauLn IBE0sE
& Rajomangala University of Technology Lanna Chiangrai

usun Joneo nsU vna (unsu)

InsAwn : 02-532-3333

Py

> N

W/’;éﬁ*ﬁi-
USHITUSIAGUUSUZ I D TN
: SIS AT AN

\' 1 . i —*#!‘%"iﬁlﬁd:ﬂ:hmfx

e £ 7 U TUMCIVIECOM @
) & oy, TMCVLOW €D




amudtrHanaztwannantHadssineing
IRON AND STEEL INSTITUTE OF THAILAND

% < [ 3 @ ' o & &
aniwinanuazmannauislsamalng (@an.) DusnduiaTetnereiniznTgamwnTin 10032
lonnfamzigaues Wonnainou 2543 agnield gasmmnisunawiyaiis lasiiaananudainivesizuia
a o va A o oA a a @ . A : @ |
uaztanzuiaasnslidniasau Mnuedrefidsziniaw neldnsavainusialaszninanu iiadeulauas
a =3 =3 v val v &~
wawgamwnIsimanuazinanniwesdszinanolilonuiduuds
agusiulduimafsnsiunsnaweggiiugaasnnimunining nsduaIngfiadiauaziiuiaden
MuniaiaNuTeiiszniineizuazienTy ihasTuaiIdnan nuazanuniaugigasasiumaivlaves

drenauazmsudsunluszavmmand  laglhuSmseudnsg aad

1. ToyaBIRNAFIMNITNIRANUALATIUNTININING
2. gudliaSnwmlaseairewan (ssce)
3. Usmsgwdnagey
IRuSmmeseuuasiinnziniai alninuszminnimiaTudulancaug sunaunasauszaumng

(J1s, ASTM, 150 uazaug) Taoldsun1ssuseskasUfoans uen. 17025-2548 (ISONEC 17025 : 2005 RadIATILA
aﬁfum&umﬂ*’ﬁm§ﬂﬁ1ﬁuwmi§1uﬁwvlﬂgjmwﬂaa@ﬁ'ﬂu%% uazndulasdofowandon swmduiivanivanuiindu
N9 600 L3ENTILTEINe

3.1 AATNzAFIBNENMLATMEINATia OES,XRF,ICP-OES, C/S uaz O/N Analysis

3.2 a9maulasIainNgamadiundaaanIIalBianaTouILULEEINTIa (SEM) LAZNSaI9anITeiiuL

3.3 MINARAUNIING

3.4 MINAFOUAUFVLANIANUTON
4. UININARAYATIMNTINUAZNITIVLUALAN I

4.1 USMIIUNRING ATINIAMIIENAINY MIUTZRTANAINUIUATZLIUMITHAS

42 P3MIUTREI ATIVIATIEHANUEEMBVIT I Y Uiutysiagwiemiagnauns

5. ﬁ'ﬁumqﬂﬂmmmﬂqmmwmm

aotiwranuazimannauidszinalng (san.)
mmséwﬁhﬁ'wmaqwm%msmwﬂm“m%v'u 1-2

‘ﬁﬂﬂ@%ﬁ@]i DUUNIZINN 4 LL“lI'NW§$I°l|u\“l LUAARDILAE ﬂ?x‘iL‘ﬂWeﬂ 10110
Iny 02-713-6290 , 02-712-4402-7 1n3313 02-713-6293

www.isit.or.th

http://sscc.isit.or.th




VAMONCHAI
B N‘iﬁﬂ“]ﬁ?ﬂ‘i‘iil iﬂﬂﬂ
m 1]5 1.9

&k
,5!
e

USEYN 2.ONSHUTFINSSH 9Ins

Sumannaas e N3l 11a1A131599waAEIUN I
TNAY aNIIALNWE VIWNNDIAY LRZITHOH
UAZSULKRNINDEINY Llaafiae1wIaIng uazaa1din

- ¢
Naar1dnnndszaunisob

USEN 2.a85TLIAINIIN INNA

59/24 mﬂi 1 DUUNIZINY 2 duanannszie
éwmmﬁaaagmmﬂs 5’&1&’3’@muqmmm
Tel: 034-441795 - 8 Fax: 034-441801 Website: www.vamonchai.com




ERC 3

Visual RC in 3D Model

Reinforced Concrete Structure

Analysis & Design

Copyright Reserved




Excellent 4
Scﬁutmn mango~

Budgal

i naanrosownios ERP
UOUSSNOSUIAIN
- mealunanidad

Accaunk &
Finence Condrol "'E:ﬁ;’gf“t

Mango ERF towrinsd Adraawossied inurioai succaounnaoudoomsiioeonsudiou
dondisuleyalnscms Tusunssrisagulrsems wEoudoeaitsuaBoUfmamEluoorins
SIUEIUAIUNEN (Core Business Process) oo Tuusehiddenua faedomsrowaDu 3 dou K
HoursuRuaUUEL N [Budget Comtroll HourouruanyBasemsi (Account & Finance Controf)
BREUROUALIMELENERSOMS (Praject Management Cantrol) scedunnmslfow senand i
umemudonfloa:dowuymilugnmpsouldeshoa el

1. USmadodilsinsulssd umuiousiunLDEnLBoDL
2, SooususuumsidonumasSmeUitmu

3. uEmasmsuEhnSUGSTTOSLARLY
4
5

. uSmatioarmsiouloyanneasiuBouconieuuini
. USmalFEL EnusTodrumiasocdoumomecou Mango

usun nuoli pouBanauri Hia

121/107 RS TOWER 37FL.Ratchodaphisek Rd. \Dindeang Dindeang ,Bangkok Thailand. 10400

Tel. 02-6412148-9 Hofline 084-5511044 , 084-5511064 ‘ /" i
www.mangoconsultant.com L i s 7y







LANAEITNITUITYUILNLAR

239N 1 WAL 2

lag

SE.LAWN AININTNS

MAITIAINTINIET AMLIINTINARAS wﬁ‘ﬂméTsJmﬂiﬂaﬁmzaamnﬁwuq’%
adwian Aedmms ez f3nen snaunennIaurlssnelne

384U IUNTINANTITING /1VIMNTINLET FanTsnannwwAsdssinalng
AEwnymsfiiasaanienswlem aniaans
NIINMITIUAMNIINNITANIBNINAIFIBHAAA A a1213ensInle s

fUnNUNAIUNEAA INgAININTIY (F3D.)

a9 1w wAIUIaY 12 3 TumCivil.com

26 ¥NINAN 2556
17.00 — 19.00 .

WaINTITH uaa&?gu 71 3 (139u3NT08831103 NILNNY)




.555 .Structural Systems for Buildings

Highest Oﬁgﬁvation Tower
Five-pinned Truss
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Today Presentation

- Structural concepts for building

- Structural approaches in Design
- Total schematic for structural analysis

- New building codes for rc and

steel structures design
- Concept of lateral resistive system

for high-rise building
- Vertical system in tall building




Initial Concept in Structural Form

Catenary
2 Structure in Tension
Arch (Inverse of Catenary)
Structure in Compression b

Thrust

Vault Structure

In concept of an arch using

Compression Member




Booking
Arch

Rome Coliseum, ltaly

Masonry Structures

.." A




Structural Member in Tension

i Cable

I Tension Rod

Structural Member in Compression (1339q)

riCompression Member

+ Member Stability
(Buckling)

Euler's Curve

Long column

>
>

L/r




Structural System in Nature

1859 by Isambard K. Brunel
The Royal Albert Bridge

Arch : compression

rlll

| L2
afy 'uh‘m'}cf !5:’.0.

_ | J.‘Io Lateral orce
‘tenSIon

e

Tensile Crack

Compression

Tension

Tension zone due to Loading and Support




y Scheme

Preliminar

Sketch of Concept
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Farm House (150 years old)
b
1
I
i
i

<+— No Deflection
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Alternative Scheme 1

Alamillo Bridge, Spain

RAMA VIII Bridge, Bangkok




Construction Systems

Cast in-site

e

Bangna — Bang Plee — Bang Prakong

Expressway




Construction Process




Cast In-site : Form-travelers

P e

Loures, Portuga
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Project Scheduling (Alternative)

Launching Truss Procedure




!
Full Span Installation

BB

Construction Method and Types

Types: Haunched Girder
: Constant Depth Girder

- Single Box

- Two Boxes

Construction Methods : Pre-cast Full Span
: Cast-in-place (eg. Rama III Bridge)
: Pre-cast Segmental Limited Size

: Pre-cast cantilever method

l

Cost and Time (value engineering)




A Bridge TOO FAR

100 m. span length across the river
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. Tube Structures
L)

& Chase Manhattan Bank, New York |

Steel Mass Per Unit Floor Area in kg/m?

e k .
110 saars Tower, Chicago ® -
4 \
g " _Nome_
I
Jf
P 9 ® silncard O indiana, Chicago
a2 % 7
g BO \“~-__!-/’I
£
§ mF"‘I BV s
& 1 Ty L e -
3 D i L ~~~. 1 Union Guardian, New York
B 60gom = mi == - - ° 2 General Motors, New York
1 - 6
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o2 50Tt 4 Pan Amrican, New York
50 ., !”#\d/ “ P 5 First National Bank, Chicago
g
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1 .7 ‘f{ . 7 B.H.P. House, Melbourne
0 | ep—————e L L
100 150 200 250 300

Influence of System on Cost of Building

Cost of High - Rise Building

i Horizontal Subsystem
i Vertical Subsystem

Unit2 (Shear wall and frame)

Uniti (Frame) Axis o
. Sypmeiry Shear walls

e

8 ﬂ\ﬂ

Cost of structure per square meter

of gross floor area

Number of stories

s

. . o
4 Considerably suitable system Aot

120
1ls
pearin® wa
0 ¢4
Cost of floor structure to carry vertical loads
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LINKAGE between ARCHITECTS
and ENGINEERS

Architect

|
|

|
Response of Structural | tructural

Model to Service Loads : Y/ngineers
' structural ddsign *

|
Structural Members | | *

- _onstruction
"- constructi
Management
Actual Structures

Architectural Layout

- plans

- elevations

- sections

Structural Engineering Layout




Continuum Mechanics

Solids -« l

» Fluids

l

! !

!

Elastic Solids Inelastic Solids Special materials

! l L

Plasticity Elastic - Plasticity

Elasticity

Structural Forms reduced form of a continuum

: — ! ! l :

Continuum Mechanics

l

Solids

|
Elastic Solids

l

Elasticity

F

Structural Forms reduced form of a continuum

' v ' v

— Concrete

— Steel

— Composite

BEAM TRUSS
()

|
I I




Architectural Layout

Structural Engineering Layout

%“OF*%‘%”’F \

Beam + Column

LINKAGE between ARCHITECTS
and ENGINEERS

Architectural Layouts/ ,
Architect
Drawings (Blue Prints) '

Structural Model '

Y structural adalysis

|
Response of Structural | Structural

: I :
Model to Service Loads || Engineers
§ structural ddsign {

|
Structural Members | | ‘
| Construction

Management
Actual Structures




STRUCTURAL MODEL
assembly of

4 structural members

+ boundary conditions

+ Joints
+ Supports

/\ Support
|

{ — Structural members

Structural Members

Types of structural member could be classified into :

+ 1-D member

Parameters e.g.. Moment, shear force,

deflection varied along 1direction




<4 2-D member

Parameters varied along 2 - direction

e.g.. SLAB, PLATE

<4 3-D member
Composed of 1-D + 2- D

JOINT

a ) Rigid Joint M - allowed
olt
-
4
- | 0
o o -
Rotation in Column ?

portal frame

(A) Web and flange  (B) Idealized web
connection and flange connection

b ) Pinned Joint

Moment - Not allowed
olt

e

(C) Web connection (D) Idealized web




Support

¢ Fixed Support

i Hinge Support

&2 Roller Support
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Structural Loads

ik 1. Dead Loads

3 2. Live Loads

¥ 3. Wind Loads

ik 4. Earthquake Loads

3 5. Internal & External Movements in Structures

Classitfication of Loads

¥k a. Gravity Loads (1,2) -Horizontal Subsystem
¥ b. Lateral Loads (3,4) - Vertical Subsystem

Structural Response




STRUCTUAL RESPONSES

Satisfactory Criteria
1. Enough Strength

2. Small Displacement

Factor of Safety

DESIGN CRITERIA

1.Strength o

(stresses, O g occurred shall not be greater

than ALLOWABLE STRESS O, )

2.Serviceability &
i Small deflection / displacement

me Crack section ?

&E=» o= internal force (M)




REINFORCED CONCRETE DESIGN

Structural Members
1.Flexural Member - Beam
2.Shear Behavior

3.Slab

4.Column

5.Footing

Building Code Requirements
RC. Structures (ACI 318)

1. Working Stress Design (WSD) — ACI 318-63
2. Strength Design (SD) - ACI318-89




Working Stress Design i

materials

Concrete : £ =0.45f" Je
Steel bars : £, =0.50f,

. &
loads coor'l(():(;éte
service load
stresses I - .
allowable stresses /, i
' . &

¥ steel bars

Strength Design

concrete : .
steel S A ~—| Materials
P Capacity, P_

Design Load, PU load factor |1 gad (DL, LL)
U=1.4DL+1.7LL

¢ = Reduction factor which reduces the capacity
of section, depends on the type of structural

members, e.g2. beam, column etc.
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T
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AN
b e =0.003 7 0.857"

SECTION STRAIN STRESS EQUIV.STRESS

1. Elastic
2. Ultimate

Flexural Behavior of Beam

(CRUSHING OF CONCRETE = YIELDING OF REINFO EMENT)

b

e, =0.003 0.85/"

7_ ap = :B1Cﬁt +—C M,
c, D,

d h —
o/
- | o ——— —p T

€ =c GS:Gy

SECTION STRAIN STRESS




@ Over-Reinforcement @ Balance @ Under- Rft

/117 S /4{7 <, S
S N

Mode of Failure & Reinforcement

ACI 318-02

1. Major Change Version
2. Unified Code : ASCE 7

* Concrete Structure
* Steel Structure

U=12D +1.6L




Safety Factor and Reliability

Y1 D +’YzL

1
SF- | X I
D +L )

Resulting in

1. Same Safety of Factor required.

2. Change of ®-factor provided.

3. Flexural and Compression Members
have the same reduction factor

4. Allow in over-reinforcement design

New Approach in Steel Design by AISC

-Existing methods :
+Allowable stress design (ASD)
+Load Resistance Factored Design (LRFD)

-Unified code ASD and LRFD
-So-called “strength design”

-One section strength provided by its size and
material properties

-Allowable Strength Design using a Factor of Safety
to reduce section strength and compared with

service load

-LRFD using resistance factor to reduce section
strength and compared with factored load




¢=0.7 + (- 0.002)(230) = on Contra
090 = — T TR SR T — \ b TR, L
Py Ductility
-
f”
’f
-~ 250
(35 0'7 Same Factor of Safety - ‘p =0.65 + (gri 0'002)[ 3 ]‘J-)
0.6%
OTHE
~ Compression & " Transition — Tension
Controlled . . “| Controlled
& = 0.002 & = 0.005
¢ c
— =0.600 — =0.37
d; dy 0.375
Interpolation on c¢/d;: Spiral ¢ =0.70 + 0.20 [J_ D
C/dr 3
Other ¢ = 0.65 + 0.25 -
’ C/df 3

®-Factor for Flexure and Compression Member

Collapse of Structure
Wrong Model ????




)

| ol
mE |
\/ Differential Settlement

Column Loads (tons)

Pile Capacity

we ¢ =0.80x23.00
(Safe Load 90 tons)

(use same pile, section & length

settlement (stress in soil)

less column load —» less settle.

SOLUTION
introduce New MODEL
10 50 85 ton
use pile
W 26x26%x21.00m.
(safe load 30 Ton/ea)
| 1.50 6.00 6.00
Cantilever ‘
N Cantilever
10
(10+50 tons) ‘
60t 85 ton A A A
2 piles 3 piles 150 [ 6.00 I 600 {1




Roof Plan for Long—span Truss

hinge roller
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Detail 1 w‘?’--.__j_.:‘- -1 "T , Detail 2
o
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Section of Design Truss




Detail of Supports according to Structural Model

ﬁpl&t: 10 mm pls,t=10m
anchored bolts free anchored bolts
(1 L — _
ULl NeRNe e DIy T=g=
|0 O O i —
0.06 pl,t=10mm | 0.06 & pLt= 10 mm
0.06 obs| =
—-— 1O O O 1O O O
0.30 0.18 0.30| 0.18
— 1O O O B — 1 O O O
0.06 pl,t=10mm | 0.06 pl, t=10 mm

SCHEMATIC ANALYSIS of BUILDING

Architect s Design Thinking

1. Space required

2. Functional use required
Concerned Problem

a. span Grouping

b. load & Zoning




Theater

Office .

FUNCTIONAL USE

for example
1. parking lot, L = 8.00 m.
2. department store, LL 500 kg/sq.m

3. conventional hall, L =30 — 60 m.

®

Trg Vg

e————

Appearance of Structure Schematic Analysis of Structure

|




Scheme 2

A

—— e
Transferred Member l

|

Appearance of Structure Schematic Analysis of Structure

{ : E === P T
¢ — %
CANTILEVER SUSPENDED PROFFED CONVENTIONAL

transferred

Competitive Structural Systems
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Schematic Diagram and Load Transferring




91719 BU Landmark Complex
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Role of Structural Analysis
in Structural Engineering Project

Planning phase

Preliminary structural design

i

Estimation of loads

i

STRUCTURAL ANALYSIS <—‘

are the Revised
safety and

e | O = | structural

serviceability requirements
satisfied model and

B Yes design

Construction phase




Structural Systems for Vertical System

Nikon NIKON D7000

PUN ATNIUYNT
599MANTINGG
MAIFIAINTTU T NIZVOMNAITULS

lob UNIIAY lwdk&d

2012 World Futsal
Bangkok Arena

14 October 2012




Steel Structures

+ Semi-rigid Frame
+ Rigid Frame

+ Braced Frame

+ Framed Tube Structure
+ Cellular Tube Structure

+ Rigid Frame with Braced Frame

STRUCTURAL SYSTEMS FOR CONCRETE BUILDINGS

NUMBER OF STORES
0 10 20 30 40 50 &0 70 B8O %0 WO 170 120
Flat slab and columns
Flat slab and shear walls
Flat slab , shear walls and columns
Coupled shear walls and beams
Rigid frame )
Widely spaced perimeter tube
Rigid frame with haunch girders
Core supported structures
Shear wall - frame
Shear wall - Haunch girder frame
Closely spaced perimeter tube
Perimeter tube and interior core walls | wurme———————
Exterior diagonal tube
Modular wbes




Vertical Subsystem

+ Concept
+ Behaviour Steel Structures
—EConcrete Structures
Composite Structures

Vertical Linear Component
+ Column

+ Wall shear wall
braced framed
: tube structure

cell & multicell

Vertical [ -service to—ﬁateral Loadil
Component '

wind -
earthquake

Structural Performance
in servicing Loads

Lateral

Combined




Safe and Economical Building
(High-rise Building)

Height of Building
Slenderness of Building
Wind Conditions

Risk of Earthquake
Architectural Requirements

Rk W=

0

40

20

LATEIAL 10AR S wilniDuU T LA IEAYM D St )

T

WAD NI SiStANC [ '

TOR Pl fRiAL | POITrRTIAL ROOUEEIALH TS TOM FWATT B

wWiGUT OF SIBUCIURAL 3ILLL w LBS 750, 11 OF Fidow
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g
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= s3 28!
T Lt : % é‘f .
o — ¢ 1 53|8.!
H 2 = as
! ‘ | ! ‘ ; .:,3 I ‘?( "
I z TE 1 3=
| ! 1 g 1tk
HERNEERE 1 FE
3 —t Sk

etz e <. COST OF @ Building

Parameter Governing
Vertical Subsystem

Significant parameter is DRIFT.

as defined by
A= gide Swaw

indicates

* comfortable use
* prevention from Motion Sick
* not allow P- A effects




Basic Components of
Lateral Load Resistive System

composed of
- Horizontal Components
- Vertical Components

Horizontal Components

- floor framing & deck system

+ precast slab system
+ conventional slab
+ flat slab/ plate

etc.

- horizontal components should have
+ sufficient strength

} HORIZONTAL DIAPHRAGMS

+ sufficient stiffness

Function of Horizontal Diaphragms

With the sufficient strength and stiffness of a
horizontal diaphragms, the lateral resistive system

utilize them to collect the lateral forces at a

particular level of building and then distributing
to the vertical elements.

Lateral Resistive System
composed of
+ Rigid horizontal structure
+ Strong vertical elements

* column

* wall

* frame




Relative Stiffness of physical property
Horizontal Diaphragms g _ whether 22

Flevible \ﬂ.osr'\z,n\‘a\ A;mph\’mi\w\ R.‘\gia\ 'qf\b‘(‘:‘tgnlfa\
A'\u?hfmﬁm

Relative Flexible Elements Relative Rigid Elements

1 l Distribution of Lateral Load

Deflection
No continuity of system Proportionto
No actual distribution of vertical elements Their relative stiffness

Torsional Effects

Centroid of Lateral Centroid of
Load in Horizontal Stiffness of
Diaphragms Vertical Elements

Twisting Effects
(torsional effects)
depend

on

Stiffness of horizontal diaphragms,
Stiff element caused Significant problem




Deflection Characteristic

a) Cantilever Bending Component
(Chord Drift)

@- M, = Overturning Moment

'
i
i

TTTTIFTFTTT

1 20% of

distortion (deformed) —p |total drift
due to of Building

!

Axial deformations — Axial forces, Cand T
of column

b) Shear Racking Component

_ oo'mm
— Qvdw

s
o

L

@,.g?f-‘-" — [ U

nestramled o\t‘um&

column + girder
80% of 10-20 % l 50-65%

total drift uch b virder

g uch sway caused by girder flexure
Of BUl|d|ng since ratio of column stiffness to girdey
stiffness is high.

for a given frame below -
o q’wo\u ghxun %om.f:o—ﬂ'f-’f
Yotal swau
—Column {hzuﬂ, gowt lo-207. "i
tetal Swey




Lateral Deflection (sway)

combinations of

1. Deflection due to axial deformations
(15-20 %) - cantilever

2. Frame racking due to girder rotations
(50-60 %) - shear

3. Frame racking due to column rotations
(15-20 %) - shear '

4. Panel Zone effect

Panel Zone Effect
caused by semi-rigid joint, especially in
steel structure.

Ay
belt
iks 58 floors — Office Tower @ Chongnonsee
EMPIRE

TOWER

Main Building

ST

utrigger

M/E Rnom]

e " | M/E Room

i { Lk | ”nu Q;%]

M/E Room ' = M/E Room

/\/\JJ\/\_/

TOWER A TOWER B TOWER C




9- bundle of
Cellular Tube Structures T et

Building (Sears Tower)

Tube Structure
(Truss Tubes)

Strongest
System

Deformed Configuration
of a Structure

GToNG PIAGONAL
MENBER

777

Sway Reduction by Bracing

In alvong ddagonal by,
the wombee  Tates fo Tae ““"P

the Mal‘n e{ ™ by Md«m.ae‘,
ie. bb” ¢¢ vb’ .
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Braced Frame

Type of Braced Frame

* K-shape

} Braced between Columns

* X-shape

Common Types of Braced Frames

Rigid Frame and Braced Frame
(configuration of steel building)

t’ore Bracing

(X or K - ype)

Ir——daIr——aHr———dHP————aH————< ]I

Moment connection
typical

Moment Frame




Shear Wall and Rigid Frame
rigid links, A = &

(interacting)
A F‘""""“-l__— ‘-'.————-:‘
! i | L | L | L | Shear walls
| | A
¥ ox = 4 !
I
I IR ! Moment \
lo oot 6 b 10 e e @ -—: frame
|
| .=, .
| = = " S
Wind | :
" !
! |
! I
v i—-"—.———.—————'—-—-—-n
| L | L | L |
Model in Analysis

Plan of Building

Interaction Between

SHEAR WALL AND RIGID FRAME

Moment frame R

Shear wall

«— —
— oz .
— -« — j
— :i :: 5
—>
— practing
—>
_ es
- .
— :_—
_ =
—>
SHEAR WALL RIGID FRAME
. : SHEAR MODE
BENDINGMODE — Constrained Configuration
DEFORMATION

DEFORMATION




Interaction between Braced
and Unbraced Frame

* Deflected Characteristic

A, \.“’, > limitation

Unbraced
Frame

Braced
Frame

cantilever
Dending mukt

Shear wede

Free deformed

Configuration
Less once combined
Sway As A(interacting) .
H Ve (B s veduad)

T ‘ A3<A1

v

J i oy

Constrained Configuration

Eccentric Bracing System
(Prof. E.P. Popov, UC Berkeley)

Braced Frames —in wind resisting Question : How does
strength

stiffness it suitable for
Seismic Region ?

|
'STIFF and STRONG
) Structure

Strong Joint
Of Braced Frame Energy dissipation ???

Eccentric Braced System

- Combined strength and stiffness of braced frame and
energy dissipation characteristic.

- One serve as a FUSE that limits large force
from entering and causing buckling of braced frames.

- Easily erection and assembly by eccentric joints.




Staggered Truss System

suitable for
+ apartment tall and narrow, long building
+ hotel with double-loaded corridor

introduced by

MIT in mid-1960s - developing of an economic
framing system for such
Tall, Narrow Structure.

Truss assignment
(Full Depth)

Staggered Truss System

provides

- Truss spanning in the transverse direction

between the exterior column.

- Floor system acts as a horizontal diaphragms Vertical Loads
in transferring the lateral and gravity loads Transferring by

to the trusses. Trusses

Staggered Truss
in different floors
Lateral Load -resisted by TRUSS DIAGONAL
and directly transfer to the
columns. NO BENDING occurre
~on columns.




resist + gravity load
Staggered Truss System Sum. i

staggered truss spanning

between exterior columns
gives Stiff System

1. require less amount of material used as compared to
the conventional moment frame. » Need of | no Drift Control

2. Since trusses are supported between the exterior
columns, need for interior columns and associated

foundations is_eliminated. Up to 35-40 Storey

Economical
System

Note

Configuration of truss due to

the opening at corridor location,
v

Need of stiff TOP & BOTTOM
chords of truss by BEAM ACTION.
vcorric\n

Staggered Truss System

Moment frame,
661, 0in
I LAY S

_~Moment frame

Trusses below
[ Coneretetopping \
i over prestressed precast

PSRN P4
::x \1\ T
Le ¥ Lo K g
Layout Plan o SN ‘
L, 'q'\—\K “ L7 i é
L, il \
—i ™= Hangers | N

Guest room level L a—
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Retail 1 =
Pg
P

| — X bracing —

Shear walls

-~ e Suuciur

Parking P2

Concrete
construction

|

Section




RC Staggered Wall System
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ELEVATION

1 Concrete: Lightweight, { = 3000 psi
v, (assumed) <038 F,, {1

2 Steel Remiorcement: Ad32 In lieu of using Reinforced Concrete Structure,
- the similar element to staggered truss are
used as R.C. Staggered Wall System

Outrigger and Belt Truss Syste
(Re-habitation of Braced Frame by Cap Truss)

M, = Ovaltmning Movvent

one cmvalure | Frae Displacement
of Braced Frame

- CAP TRUSS
t— 5TRON Gt

eop TOUeS — STIFF

Ax'mu\a. Force Member
Braced core

Mg = ResisTing Momenl
Comsed bu

Tt eIx &y = Mg




Belt Truss System S

= 38 = = 34

I~ WF beams and
| girders typical
|
i
i

Constant-area .

7 columns-

XX

Infinitely rigid

|~ outrigger

A *,‘ C‘om?«mm

{—_ Constant moment

i
i
rigger : .
3 . —
-:\ WF columns v
i- typical Fod 4 ”
!

Elevation

LTI T T T

SRR

Elevation of Two Outrigger In higher building, the use

of one outrigger resulting
and Belt Truss In heavy axially loads on
tied columns which reflect
to the complexity in
TR (e anchorage and large size
' of tied column.

Braced core,

Belt trusses

Qutrigger arms

7 55 Lo
V‘)’H\ Exterior tie-down columns

h iy <, &

N

-

A
PLgi—

Belt truss




Reinforced Concrete Outrigger System
52-storey Building, Indonesia

Typical Floor Plan

__Helipad +161.5

Level 51 + 150.4

Level 26 +75.4
T / Level 25 +72.2
-/ Level 24 +69.2
~Level 23 +66.2

REINFORCED
COMCRETE
OUTRIGGER

QUTRIGGER COLUMN

Ground level

Schematic of Structural System

Reinforced Concrete Outrigger System

52-storey Building, Indonesia

Diagonal rebar

Sut

Column
discontinued

CORE WALL

L~ (.

Detail of Outrigger Beam

Sullding System :
- Three — storey Depth -Beam

- Large Moment Capacity Beam

- A Model of Pinned Column
(smaller section)

SRS

Schematic of Structural System




Properties of Section
Influence on the Drift Control
Sway ( A\ ), resulted from the lateral load,

could be controlled by the consideration on
the stiffness of the building.

(easy term of stiffness is EI /L)
A
p+k

Z € = \’oun%‘fs Medulig
€T ' I = Mommt of Inedin

Og Qec\';w'\ .

for instantly
P, L, E = Constant

hence,
A higher
! 4
: s
|
¥
lower

tube section

i i L
Moment Deep Closely spaced ] 1t | J proa

connection  spandrels columns

Barge Moment of Inertiﬂ

Deen
 spandrels

Formed by
+ closely spaced column

+ deep spandrels (edge bean) with
moment connection




World Trade Center (1976)

TUBE in TUBE Structure

Braced
Frame
(Lift)

In lieu of highrise building,
diggonal truss tube shall provide
high performance in Lateral Load
Resistance.

7

I

7
D

<,

The John Hancock Tower in Chicago

.

7

-

W

%%

100-story building use
of steel of 29.7 Ib/ft2
while Empire State
Building use steel

of 42.2 Ib/ft2.

=
o

v
\
4

R

SN /

s\

P
)

{
A

More spaced columns
needed, might be met
with the architectural
requirements.

56- storey Building




Baiyoke I
Structural System

+ horizontal subsystem

- conventional beam-slab

+ Vertical Subsystem
- Tube in Tube

* Inner Tube (Service Cores)

* Outer Tube
- Column with large spandrel beams
- Diagonal Truss Tube

- Transfer Plate (serving two different
architectural layouts)
- Tuned Liquid Damper

+ reduce building vibration

‘E = 57 Trver Tube
v i S T owbee Tube : |
-% ? gL ?'m‘.ml Bracing
3 ; E 4  emnoot omcwm (Truss wbc)
- S
% ::’1 —E 20m Fuoon wveLs i3
R r | Teanser Plae
& A y
— F
—‘»——ég J— 1098 (EVELL 303
wt S —-— E E
L E
h 1 PRl sstuen com s
41L& g
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Section of Baiyoke 1I
( Tube -in- Tube)
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Truss Tube System
(Bank of China Tower)

N/

PATE
AVAN

>

in assembly of
multi-sections of
truss tube

RSOVAN
=1

Floor Plowe
af vaniouns

Elevation . hetghte.

9- bundle of

Cellular Tube Structures Tioe el

B:aildin g (Sears Tower)

Tube Structure
(Truss Tubes)

obtain

Strongest
System




Tube Structures
L)

. 1 Union Guardian, New York
2 General Motors, New York
3 U.S. Stesl, Pittsburgh
4 Pan Amaerican, New York
5 First Mational Bank, Chicago
6 Chase Manhattan Bank, New York
7 B.H.P. House, Melbourne

. T, e L )

£
8
2
g
=
@
2
B
£

Steel Mass Per Unit Floor Area in kg/m?

Influence of System on Cost of Building
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