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Sacondary Primary Files
Pilas {chrillecl first)

Excavation of panel
to full depth,
Excavation s kept
filled with bentonite
suspension.

Concreting of panels. Stopends

f f . and reinf 1t cage posit
[ | \  Concrete placed through tremie
[ | | pipe as bentonite is displaced.
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Non cohesive
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1. Sheet pile

2. Pile wall
2.1 contiguous pile
2.2 secant pile

3. diaphragm wall
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Preliminary Scheme

Sketch of Concept

Farm House (150 years old)
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Construction Process
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Cast In-situ : Form-travelers

Loures, Portugal
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Full Span

Installation
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Construction Method and Types

Type : 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

|

Cost and Time (value engineering)
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Space

Appearance of Structure Schematic Analysis of Structure



Scheme 2

Transferred Membet ‘

Space

Appearance of Structure Schematic Analysis of Structure
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modular precast system



Centroid and Centre of Gravity

Centre of gravity is the point where the total weight of the
body acts while centroid is the geometric centre of the object.
Centre of gravity or centre of mass is the point where the
whole mass of the body is concentrated. ... Centroid is the
centre of gravity for objects of uniform density.

Square Rectangle

— center of stiffness of shegr watls

Circle

Centroid of Area




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.

""g'd horizontg! Structure

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

* column

* wall

* frame



Relative Stiffness of
Horizontal Diaphragms

——

Total H /\‘_>-<\\M

Fluvible \no\rlzm\'n\ Al o\\o\n YRam

Relative Flexible Elements

1

Deflection

No continuity of system

No actual distribution of vertical elements

physical property
whether ??
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Relative Rigid Elements

l Distribution of Lateral Load

Proportion to
Their relative stiffness




Torsional Effects

Centroid of Lateral

Force in Horizontal
Diaphragms

Not

caused by

Centroid of

Coincide with

Stiffness of
Vertical Elements

Stiffness of horizontal diaphragms,
Stiff element caused Significant problem

|

Twisting Effects
(torsional effects)

depend
on

— center of stiffness of shegr watls

-~ €& for E-W load

— & for N=5 po¢d
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Isometric View



Isometric View
Analysis using 3-D Analysis

Axis of Centroid for Structure

shear wall
tilted or twisted ?

I P Wind Pressure, P



Magnitude 6

Magnitude 7

Frequency (F)
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Tall, Flexible Building
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Sa(g)

—>s a=F/m

Design Spectrum for Chieng Mai

Soil Type: D
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Spectral Response Acceleration

Acceleration (g)

Seismic Response Coefficient
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Note for safe and servicing structure

1. System - Linearity
2. Structure “A” is Stronger than “B”

3. Structure “B” is more ductile than “A”
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Eccentric Bracing System
(Prof. E.P. Popov, UC Berkeley)

Braced Frames —"i Excellent| - in wind resisting

- strength
- stiffness

STIFF and SfRﬁNG Eccentricity
Structure K

Strong Joint

Of Braced Frame Energy dissipation ???

system of

3
h\\\\\\\\?
//////

Eccentric Braced System \

77,

- 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.
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DEVELOPMENT OF NEW WIND LOADING CODE

FOR BUILDING DESIGN IN THAILAND
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Proposed Equation :
p=1,9C.C,C,
= equwalent statlc pressure

HNEIN.1311-50 mmgmmj‘ﬁmqmummLmeﬁ‘mmummmﬁ‘



CoCo

e

IW



a1Usznautuavvindniwniuszing (C,.)
p=1,qC.C,C,

a (] a | 9 o i ¥

nanwaszimauuy A duannwpiitszmaunuulasdediannns sulsl
a o ¥ g 1 o a < a )

usaRslganasanszannszanaatviie ) nu usaltluusiauiaaneta

0.2

c.-[2
10

4

a (] a =y = = e;a;el
m.amwguﬂﬁzmmmu B LﬂuamwguﬂizmﬁLLuumuLum NTANUNNH
% 1 1 =y a =y (3
AUl U URILUY m@mwmgﬂuﬁnmqLummmman

0.3

c. =07 %
12

a [ a a =y 1
A. anwpAdssinanuy C iluanmwgidssimpuasusinuguanataiading daimais

aQ Ly

geatuuniu Tnadianaisliddaandidasas 50 ABINAMNGILNY 4 TU (AnazLBan)



a1Usznauluavoinnisnszlsnav (C,)
p=1,qC.CC,

Arlsznauldasanuanignszlanuasan
AB ARTIRIUTEUINHAUDILTIANFIFAADHAUDILTIANLDAE

Fa8INIEN178ENNIY
A ¥

ANMSUNUILLINANA D AN LLLAINNTZN A UNWRINL

UANANANT Wi LA C,\ AU 2.0 ln1saanLLL

TAT9IRFINVANFTULTAN ST LAZ N LN

L7l AL 2.35




A1Uszansniawyaonudausoau (C,)

X (=H)
| < >
Cp=-1.0
q’ X444 4] GC=-05
dMSUH/D <1 Tﬁ_ﬂ
TSV H/D > 1 Cp=-1.0
-NANINadl
— u{_—eﬂg—’ >
J — 8 & g—b »
— ng—’ »
U/ = % —>
QJ — g—’ v —P
'aﬂymwﬂ1§!! 3& ﬂﬂu — i 1 S
—8; —> v —»
> 4
(=)
» P —p
— Qe
(1 — v —>| S E —
S Vo Al
B T S 2 87"
VOIIAITNLIIIANATN - L RN
C o85S ) 2 8 EN
— o'a.}:-‘a e o 5“5—}
v o= Al & 0
— S & § s < =7
S Qm —» o
2 & o -
— = % = > © —»
e = N
ﬂg1uaqa1ﬂ1ﬁ B ig. 0 > w
U - T T T >
—D—

p=1,qC.C,




NONIETNT WA [ /

Comparison
Wind Pressure

Existing and
New ACT on
Building

o mgBlszonmudosn Regulation

H/W = 4.0
V = 26.5 nvs
( T, =50 yr)
50 100 150 200 350 o

P i SR P ) (B S T e )



CURVED STRUCTURES

Problem of Curved Structures is encountered with the concept of Hoop Stress
which is concerned with the membrane force that exerted in (along) the section
of structures.

gas in TUBE

< or Hydrostatic pressure of water PIPE

T = Tension Force
(membrane force)

2T =R,,D




Crack on Waste-water Treatment Plant Wall




Modular ratio
method

Calculation Check : tank wall

1. Concrete strength 280 ksc, thickness was kept constant.

2. Reinforcing steel bars : SD 40
3. Calculate tensile force in wall via hoop stress.
4. Only reinforcing bars are used to resist tensile force.

5. No consideration on drying-shrinkage.



(LESS THAN HEMISPHERICAL DOME)

\\\\ . //’/”
/ . lessthan 180 .-~ \\
R \\\,/’/ R

For the geometry of dome less than 180 degree, hence :

Membrane force, R, that exerted along the section of dome, shall be
deforced to two components i.e. horizontal component, R,, and vertical
component, R,

—

P N

. N
4
I
| 1
\ ,'
" ,

~ ’/

Ry

»Membrane force, R (shell structure)

The problem then concerns with 22
How to attach with those two components : assigning Supports 2??



SUPPORTS oF SHALLOW DOME STRUCTURES

B Vertical Component ------- Columns / Walls
B Horizontal Component ------- 222722
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Ry
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COMPRESSION RING

in construction of membrane force members, the complicate technique have
been faced

Membrane force member

IO,
& e R

RADIALRIB

t—Truss
— Frame
— Shell (folded)

As it can seen, there are very much congest for the upper portions of flexural
elements at the crown of roof.

Segmental Radial Element



nrropuce COMPRESSION RING

Compression Ring
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Dome

Diameter 40 m.
Depth 10.20 m.

Credit : NL Development PCL.
(Chai Sangsawai)



ction of Bracing Dome

u
Central false work for
Compression Ring

Constr
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Strain
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Cracking Moment
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NEW DEFINITION OF STRIPS

In order to make the slab stronger the new definition of strip
assignment is drawn as follow :

1. Column Strip is a design strip with a width on each side of a
column centerline equal to 0.25l, or 0.25 |;, whichever is
less. Column strip includes beams, if any.

2. Middle Strip is a design strip bounded by two columns strips.

O 500 @ 500 O 500 @ s.og___,____@

190, . .;300. _ . [.2000.\ .3 200 .3100
RS A T A ¥R AR X I T T
g !glglhllll1lll EEEE Illl+l+llllll%lj¥ i
O o [ : :
®15r ' 1 | design strip
t
g zl TR R RILESERE RN EEEN lrl IIIITI; v
o o i :
4 A
O+-&t column strip
v
i~ rzo ;
3 B
- |
@35t & e I
+—

column strip
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WOLLE NI MU LY 4.004.

LOLLRINARTHAINNAN 3.00 .

ks WMENESHT | WMSNETNR | Tuwuddn | Tuauddn | wandsu? | wanasun
PLAN NANNTEI FAvaan Ananatag PLEN
m - (cmz/m/3m) (kg-m/m) (kg-m/m) (cmz/m)
LOLILRN A, = 77‘05\ Ag=7.06 13414 - 6360 Ag =16.3
(12 DB 25 (12 DB 20
\per4 m) / per4 m)
HOLNANY AS\—E{Z Ag =6.97 4121 3909 Ay = HN75

V. \ Required Steel per 3.00 m
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davinsiasizvaeio lusedwud nutyinisinsdanliuineanelaniengs
N15ASIENLATIASILAILINDS 175 4. > L/360 = 50 mm.“NO-OK” 7111nA7

YAINANITUOUAT 18N.1008-38 (Yo Uns RC. AB Serviceability )

midas Gen
POST-FROCESSOR

DISFLACEMENT

0.1753%
0.15945

0.1275¢
0.11161
0.09567
0.07972

- 0.01594

0.00000
SCALEFACTOR=

5.3310E+4000

CBALIZGRC ENV_ST~
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IaSsuaudandatdaunazisuan elatauaniaasn Post-Tension Beam

@ ad 1 F% A o A o A o = ¥
Juisnisneasananunsailalaeinineins 81a15 A uag B Ndaaiinisidaie
gaKsIREsENIaneaie way Wunisihaunlidadesuuuunniseanuuula

MU l) duanduwuinesnusendn war Yasadufandnuigisluniswidamn

nsundunnisiindvinussnalunuaswiulagly External Post-Tension Beam
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quwﬁmun’%mé’mm LWBWNRTUINAVBINTENAY (CAMBER) ¥84ATUY9819UN

UADUNITANDUNITUA L

*  Jumaun 1 Anwin1s v Post-Tension Beam tiaunlydaymainguuwuuinlamiuly
NSAARITINAUAIY Aga.lngdwuIANuAnNlTansalsslunisualadeninisings
NS Serviceability Wit (allESunaImULTWsIVIAIL AFE.)

WbxL*
F*e =
8
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8xF*e
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L
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I NOBNADUNINDALTY LNBNITAUINAVRINTTENAT (CAMBER) ¥89AIUYIIEIIUIN

*  Jupaui 2 Usganansunntnine Ik saenyse Nt ntnuIsNAee,

I woL+wiLL
WDL+WLL-Wb |_
O = +
AINATFIM ACT 318-99 1@z Jam. 1008-38
5
(1@ 13.1)
) , G Jaduia”
yHavasanaIms msuduANAsfiasan
M3inad
o AW ¥ A & oo owod 4 A
waan 1w liseafunetadanuyuaiui
W (] -\# ] -1 a
Lild Tasaafadamaieafanmdonis L/180
A " b ow Ao A w oo A -
HBINANEUEUA TN msugusifatwiuido sminitn
IR @ M W ora o A 1 oW g
wudalusessuvie luanduyuduilaly UIINNII
& ' = a A
Tnssainaamainahanmudomuoiioann L/360

ASUBUATNIN

518a2128AN15UsEIVLIMINUSINN

WDL = 3.5 ton/m
WLL = 0.35 ton/m
WDL+WLL = 3.85 ton/m
A /360 = 0.05 m. (L=18 m.)

A = 5 (WDL+WLL-Wb)*L* / 384*E*|.
Wb =69.06 ton(1 Strand = 11 tons)
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OVER VIEW

Cellular beam
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H600x300
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H200x200 il

cellular beam bracing

l'i'ii?'-"*f?---l FIXED Support

STRUCTURAL FRAMING
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MODELING and ANALYSIS

®* MATERIAL SPECIFICATION

Structural steel : SM520 Cellular Section (Assumed)
: SS400 Other Section

® |Load

- roof Live load 30 kg/sgm

- roof Dead load (Metal sheet + Purlin) 10 kg/sgm

- wind load Ministerial Regulation 6/2527
- wind load DPT 1311-50

® Analysis
- Linear Analysis

- P-A with Non-Linear Analysis




DPT Wind Direction
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Drift and DEFORMATION Llimit

Serviceability Problems at Various Deflection or Drift Indices
Deformation as a
Fraction of Span or Visibility of
Height Deformation Typical Behavior
= 1/1000 Not Visible Cracking of brickwork
1/500 Not Visible Cracking of partition walls
1/300 Visible General architectural damage
Cracking in reinforced walls
Cracking in secondary members
Damage to ceiling and flooring
Facade damage
Cladding leakage
Visual annoyance
1/200-1/300 Visible Improper drainage
1/100-1/200 Visible Damage to lightweight partitions,
windows, finishes
Impaired operation of removable
components such as doors,
windows, sliding partitions

{1qmwmmﬂ?’fmwmmmsﬁﬁGiamiuJ?iauﬁﬁmeia (LAWRENCE G. GRIFFIS, 1993)



P-A analysis

P-A

l d PS

Mmax Moments

Total
Moments

—

PA

P-A
Moments

HL

Primary or
First-Order
Moments

: first- and second-order effects — cantilever column



STRUCTURAL MODEL : undeformed configuration

Structural Model with 0 mm Displacement (undeformed configuration)



STRUCTURAL MODEL : nodal displacement

Structural Model with 400 mm Displacement



Structural Results
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Structural Results
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Structural Results
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Structural Results
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Structural Results
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response of structure

n1sLARBUAIENEA luNNTiANIg dusulaseasiauaniinnsideguaeane 0 ua (Jw)



response of structure

N1sLARBUAIENEAluNNTiANIe dusulaseasiauaniinnsideguaenie 400 uu (1)



X-cross bracing for open-web steel joists
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gﬂiﬂiﬁwﬁﬂmwﬁﬂﬁm‘%u open-web steel joists (Mono 29)



TOP CHORD (PART#1)
/@pipe 60.9x2.3mm
/0 540 |, 540 600 iﬁgﬁgggﬁ

i

s
«
AT
S

(KNEC BRACING)
(WHERE REQUIRED, KB])

590 600 600

END BRIDGE
(SEE SECTION)

INNA1EUSZHINNUNE19V9LATINAIAINEN NU open-web steel joist



sUlasaviaspInaniiiesy knee bracing



strengthening and stabilizing

Knee Bracing
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Lattice Truss X Direction
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Lattice Truss Y Direction

X Bracing

Horizontal Bracing
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Strengthening

EXISTING COLUMN

LATTICE COLUMN
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EXISTING SLAB

CAB BEAM

NEW FOOTING

5UA20E19N15LE3UFIUIINTU Added Lattice Truss Column



