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Loads Transferred in Structures

Snow, Rain, Wind

and Construction load Floor loads
Roof + Dead load Slab + Dead load Wall load
| | J | 7

Super i.tructure Beam + Dead load

Wind load __] column + Dead load |

l

Soil & water pressure — Basement (Tunnel)+ Dead load

o ¥ Sub structure
Seismic load —,| Foundation

L I

. Uplift Force
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Forces in Structural Members
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TENSION MEMBERS
COMPRESSION MEMBERS ey < Tension

Compression
BENDING MEMBERS <
Shear

TORSIONAL MEMBERS
COMBINED BENDING & /TORSIONAL MEMBERS
COMBINED COMPRESSION/BENDING MEMBERS
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Design Philosophy

Concerning in

 Safety

1 Durability

 Functioning
] Cost Effective

d Environmental Friendly
] etc.
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Basic Engineering Knowledge

- Statics & Dynamics

- Strength of Materials
- Methods of Analysis
- Design Methods

- Detailing

- efc.
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Basic for Structural Analysis

Forces or Loading System

- Force in Structural Members
- Behavior of members under loading

- Structural Modelling

- Structural Analysis
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!

Kern’s Area

AE = Rigidity Modulus

El = Bending Modulus

GJ = Torsion Modulus

f = P/A -Pe/l | f = PIA +Pe/l
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Cross-section shape Mornert of inertia of area

Modulus of section £

Cross-section shape Moment of inertia of area Madulus of section 7 Section shape Area A, m” Moment I, m? (for bending) | Moment K, m? (for torsion)
Rectangle b
— 3 2 h
__bh 7= bh
L e 3
[ I— L - 1 2 B b bh % ﬁ(] — 0.58— } (h=h)
Square X
a 2y
I'-—-'I 2 X A L 4
i 3 wr i 5"
l_ d Z_ d
C‘Eri I'Zr,,
Tt w(r2 — r?) = 2nrt 1[?‘ — i) = wrtt g{r:;—r;‘}z?:rr*t

Circle

1-55-5

Thin wall [ =

3 mhinwal 7

7= n(d-d)
32d

Et" mE
4 d

b 2(h+b), (hb=>>1t) éh‘*t{l + 3%}
t
.f
21+!+ [ h
PE— 1, b
b Alh+b), (hb==1) Eh‘ t(l+ 'IJ'_J,}
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El = Bending Modulus

Ina. = bh2/12
M = Bending Moment

M/El diagram

GJ = Torsional Modulus
J = Polar Moment of Inertia
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Enginece

Porc , Elasticrange Plastic range
e

Failure Point

Elastic limit [

]

Proportional limit

Lower Yield Ultimate Point

Ductile materials

»

Slope = E _ ELASTIC v PERMANENT STRAIN R oL or s
< 3TRAN > >

0.2% proof stress L
==

/§

T

. 0.1% proof stress /i
0.001 0.002 - Brittle Materi
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(W19 1HACI 318-63 ‘Vi%‘i’) aN. 1007-34)

Based on yield stress (elastic material) or other predetermined
strain amount (for aninelastic material—e.g. for concrete, the
stress at a strain of 0.3% (0.003 in/in)).

25Ma9(Strength Design)

(M1N391HACI 318-71,318-2014 ‘Vi%f’) 3aN. 1008-38 )

Based on the ultimate strength of material
(Known as the “Strength Design Method)":
Instead of reducing the allowable siress, use ultimate strength and
apply multipliers to loads, since generally know the material

capacity more accurately than anticipated loads
(e.g., 1.4xDL + 1.7xLL < F ult (for concrete design).




Aax | Y = A a
Tlﬁ?‘i‘lﬂﬂuﬁflal‘]ixﬂuﬁﬁi’)ﬂE]H{,]@ﬁ]ﬁﬂﬂ

d 1 s s o af 1 1 af =] r="
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AN f14]1192119°
a, 0.45 0.375
. 0.50 0.50

25Ma49(Strength Design)

= 1 a 1 8 ar
AN 2.1-2 AEIARIANATRIRWRNUINNN

Vo Vi

. 1.4 1.7
N4)N35N3W 4 1.7 2.0
ACI318-14 1.2 1.6




Allowable Stress — WSD

factual < (F‘S')Ffailure

* Actual loads used to determine stress
* Allowable stress reduced by factor of safety

Strength Design — SD

* Loads increased depending on type load

vy Factors: DL=1.7 LL=2.0 WL=1.3
U=1.7DL+2.0LL

« Strength reduced depending on type force
. ¢ Factors: flexure=0.9 shear=0.85 column=0.7

Design Criterions

Examples:
WSD

f, <0451

f.<0.1f

SD
M, <09M,
v <085V
P <0.70P




Ultimate Strength — (ACI 318 - 2014)

Reduced Nominal Strength = Factored Load Effects
®Sn =z U

Y Factored Loads (see ACSE 7)
1)1.4D
2)1.2D + 1.6L + 0.5(Lr or S or R) E_:::r:“;::ﬂ?ﬂ. ';:jﬂds
3)1.2D + 1.6(Lror S orR) + (1.0L or 0.5W) Lr = sarvice roof live load
4:] 12D+ 1.0W + 1.0L + ﬂﬁ“.r orSor H} S = snow loads
92)1.2D +1.0E +1.0L + 0.25 W = wind loads
6)0.9D + 1.0W R = rainwater loads
7)0.9D + 1.0E E = earthquake loads
ACI 318 21.2.2
Strength Reduction Factors, @ 95
Mn  Flexural (beams) 0.65 to 0.90 0.90
Vn Shear 0.75 0.75
i 0.65 : ¢ =090
Pn Compression 0.65 to 0.90 Other | ;s g5 (85
Bn Bearing 0.65 Compression $:=065 |  0005-e)|
contro ) it
. Tn  Torsion 0.75 Lo Trmiion | confoled

Nn Tension 0.90 £ = Eyy £, = 0.005
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(Ultimate Stress)
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(Yield Stress)

(Collapse Point)

Y A v
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RITLIGERGERR

9 [
aNunulszae
(Ultimate Stress)

P A @RCGERRRITGY
Stress determined By
Factors Loads and Strength

g 1u9i

5
Y A
AITUAUNIANTIN
A (Yield Stress)
\T>

[

Y Factors (for loading)

Taseadania

(Collapse Point)

(I) Factors(for stresses)

Y A 9
anuauneou 1

(Allowable Stress)
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Pre-stressed Concrete Structure ﬂ




Cost Comparing Between RC and PT Flat Slab

We are

Enginecen

COST COMFARISON REINFORCED vs POST-TENSIONED CONCRETE SLAB

RELATMWE COST PER Sq.m. (RC/PC)

M

1.00

0.90—

0.8

0.7%

50 6.0 70 8.0 9.0
. ] SLAB SPLAN(m.)




Method ot Design

Method of Design

* The Finite Element Analysis mmm) SAFE, ADAPT
*  The Simplified Method
* The Equivalent Frame Method

Span/depth ratio

7
Simply supported 20
26

Cantilever

Continuous

(i) use normal span/effective depth ratio if drop width >1/3
span each way, otherwise

(il) to apply 0.9 modification factor for flat slab, or

where drop panel width < L/3
. 1.0 otherwise



Why Pre-stressed Concrete?

Concrete remains un-cracked

* Reduction of steel corrosion

* Increases durability

* Good for pressure vessels

* High span to depth ratio (ex: 45:1 vs. 28:1)
* |ess dead load

e More economical




Am under Loading

W Suppose RC Beam has too much cracking

I VYV VVVVVYVYVVYVVVYVYVVVYYVY And too much deﬂection_
If we want to fix it

¥
¥y

a L

Working Stress Condition

—_—

Ultimate Strength Condition

Crushing




under Loading Suppose RC Beam has too much cracking

W And too much deflection.
If we want to fix it

F Y Y Y Y Y Y Y Y Y Y Y Y Y Y YYYYYYY

N L

Working Stress Condition Tension (bending) + Compression (“squeezing”) =

l: j Net Zero Stress
— J J { { \ ma—

Ultimate Strength Condition

Crushing

Pre-Compression (“ ") + Tension (bending) =

] - Net Zero Stress




METHOD OF PRESTRESSING

: Concrete pre-compressed before
loading in bending (flexural tension)

1. Pre -Tensioning: Steel tensioned
concrete is placed

2. Post -Tensioning: Steel tensioned
concrete is hardened

Reinforcing is PASSIVE ACTION: Steel crosses cracks, but does not prevent them

. Prestressing is ACTIVE ACTION : Can prevent cracks from forming




Minimum length of slab reinforcement in slabs without beams.

(ACI 13.4.8)

!-e—— Center-to-center span—/

G. Exterior support
{No slab continuity)

r

Center-to-center span——/ --—--;

G, Interior suppoct
(Continuity provided)

Exterior suppoit G,
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Flat Slab(simplified)
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