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Advanced concrete for Highrise building 2

850 sired strength

High(m) Concrete Application Slump/Flow (cm) Type of concrete

(ksc, CY)

* Insee high performance +65-75cm + 500 ksc « Lift core

450- 650 | - Insee Self compacting +65-75cm * 500 ksc « Column; Shear wall
* Post - tension +>25cm * 320 ksc « Post - Floor
* Insee high performance = 65-75cm = 800 ksc « Lift core

300 - 450 | - Insee Self compacting +65—75cm = 800 ksc « Column; Shear wall
* Insee post-tension +20-25cm + 320 - 450 ksc « Post - Floor
* Insee high performance *65-75cm * 600 - 800 ksc « Lift core

200 - 300 | - Insee high strength =20-25cm = 600 - 800 ksc « Column; Shear wall
* Insee post-tension +20-25cm 320 - 450 ksc « Post - Floor
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INSEE Structural Lightweight Concrete
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Agenda

+ Standard Specification for Lightweight Aggregates

* Requirements for Structural Lightweight Concrete
« Performance of Lightweight Concrete

+ Simulation for Floor re-sectioning project

* Appendix A

« Summary
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What is Lightweight concrete?

- This product can be created by the addition of either polystyrene
beads (nonstructural) or a lightweight aggregate (structural) or
special admixture.

« These products, although both are lightweight have several
important differences and these must be noted before using.
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Types of Lightweight concrete
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INSEE SUPERBLOCK
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dsuaun au'la
Autoclaved
Aerated Concrete

asguFInanla
Aunuelsiun AAC

- DIN 4165

+ ASTM-C1386***
+ uan 1505 - 2541
WU TUAUATNTAAIY
nuuuu Ay 155y
W59 n
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INSEE SUPERBLOCK

“DIN 4165-G4-0.7-200 x 600 x 75"

3 nsusafluduinsananin (Huiaud) leun

. ?fuﬂzumw 2 Aanuunulkiu 400 — 500
kg/m3 Fuuseda 25 ksc

“quﬂmmw 4 anuuuiwiu 500 - 800
kg/m3 Fuusedm 50 ksc

. ?fuﬂ_mmw 6 AunuIiY 600 - 800
kg/m3 Fuuseda 75 ksc

fuammw 8 adwuuwu 700 - 1,000
kg/m3 Fuusedim 100 ksc

- dasnisaanduineas’liiAy 500 kg/m3

WA o
“dswaunufisayulain Adu 4 anu
nuwiy 500 - 800 kg/m3 auranig
20 2f1. @3N 60 AN, Bun 7.5 afu.”
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INSEE SUPERBLOCK

o AuMRGa AMUNTAUAN

+ msgaduil AUy a1 3z ge
1nn Yuauuansn

o AsSuusIARET WIS ULsIEIuTNIal
ALADILAN LRI-ATULEY

. IAnAnAsadaltunaian Fuusednsn
Ansaasneudasiie

o ANUNUILUUET g TUNUNIU sia AT
GebdsdFlammene AUl lnd

schiagen, sind de Mensch
nebesan in Sicherhat

—
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construction of High ceiling wall & double floor: Height 4.25 —
4.50 m

« Total cost saving in
speed of work
,reduce defect, waste
of material and
repairing work ,
cleaner jobsite
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Types of Lightweight concrete
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CLC (Cellular Lightweight Concrete)

+ CLC (Cellular Lightweight Concrete) Aa aauniaulatuiuuutGuwasaInd au
uan 2601-2556 winafiv Aaunsaudaniiaiunninnauniaudaniduunesedy
filavannadnqunsnaszanalutilanauninatitvsiniana wavainmAaainnislyd
dgsnanad 4 2 wuy

o fFaudesadiinannnisuaaluiug

«  AufiiinsadtinannnsaaaiaalIn tansdnsuldnaniiy

wuyAiseu vaelulua HUUTRIHT IIAINA1TARAIBAIA
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Strength classification of CLC and its application

yiiavenounTauasnLIAN
anruuFaBmas luanmutunio
¥iia (kg/m)
C6 501 - 600
7 601 - 700 > 21 ksc
C8 701 - 800
C9 801 - 900
c10 901 - 1000 > 26 ksc
C12 1001 - 1200
cla 1201 - 1400 } > 51 ksc
C16 1401 - 1600
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Water absorption classification of CLC and its application in

TIS
ﬂfﬁﬂﬂlﬂiﬂﬂuﬂ%ﬁﬂ'gﬂﬂﬂﬂmﬂ1
ﬂ'ﬂiﬂ’iu'lL!“Liu!%ﬂ‘lE1]1@]311!!’:75]11/‘“!1’9?}\1!@%8
wiia (ke/m?)
co 501 - 600
c1 601 - 700 <25%
8 701 -800
© 801 -900
c1o 901 - 1000 <23%
ci2 1001 - 1200
cl4 1201 - 1400 } <20 %
Cl6 1401 - 1600
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Types of Lightweight concrete
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Advantage, Benefits of Lightweight Concrete

(Non-structural)
+ Superior Insulation
« Time savings

- Easier and faster using for
Leveling/Screeds

+ Cost effective solution
(Structural)

- Structural light weight concrete
requirements

+ Architectural finishes eg. Cladding

Internal Use Only Do Not Distribute
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ASTM C330-03 Standard Specification for Lightweight
Aggregates for Structural Concrete

+ Aggregates that concrete has an equilibrium density in the
range of 1,120 — 1,920 kg/m? are generally considered
lightweight, and find application in the production of various
types of lightweight concrete.

* Minimum 28-day compressive strength in concrete of 180 ksc

Internal Use BRIy-DbesteDpstHtsuttiral Lightweight-Aggregate Concrete
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ASTM C330-03 Standard Specification for Lightweight
Aggregates for Structural Concrete

+ Type of lightweight aggregates

1. Aggregates prepared by expanding, pelletizing, or sintering
products

2. Aggregates prepared by processing natural materials, such
as pumice, scoria, or tuff

AR

Internal Usd BDi3Ry-CbNesteDstHbutriral Lightweight-Aggregate Concrete
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ASTM C330-03 Standard Specification for Lightweight
Aggregates for Structural Concrete

» Aggregate Types

1. Aggregates prepared by expanding, pelletizing, or sintering products such as
blast-furnace slag, clay, diatomite, fly ash, shale, or slate

2. Aggregates prepared by processing natural materials, such as pumice,
scoria, or tuff

Pumice

Lightweight aggregates are
required to have low density
and weight, achieved by using
porous materials, but adequate
strength.

¥V

>

Perlite ‘ SI
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Agenda
+ Standard Specification for Lightweight Aggregates
* Requirements for Structural Lightweight Concrete
« Performance of Lightweight Concrete
+ Simulation for Floor re-sectioning project
* Appendix A
« Summary
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ACI 213R-03 Requirements for Structural Lightweight Concrete

Requirements for Structural Lightweight Concrete

28-day splitting tensile

Calculated Equilibrium

density [kg/m® (Ib/it® strength min ksc (psi) strength ksc (psi)
All lightweight aggregates

28-day compressive

1760 (110) 23 ksc (320) 280 ksc (4000)
1680 (105) 22 ksc (300) 210 ksc (3000)
1600 (100) 21 ksc (290) 170 ksc (2500)
ombination o ol sand and lightweight aqdreqate
1840 (115) 24 ksc (330) 280 ksc (4000)
1760 (110) 22 ksc (310) 210 ksc (3000)
1680 (105) 22 ksc (300) 170 ksc (2500)

Follow ASTM C330-03 Standard Specification for Lightweight Aggregates for Structural Concrete

Internal L'%Cé 6\%@’%30%8{66?&%%%"6“ Lightweight-Aggregate Concrete
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Compressive Strength and Cement Content(kg/m?)

. All-lightweight Sanded-lightweight
Compressive/Stiength cement content cement content
175 ksc 240 - 305 240 - 305
210 ksc 260 - 335 250 - 335
280 ksc 320 - 395 290 - 395
350 ksc 375 - 450 360 - 450

to water/cement ratio.

- The compressive strength of lightweight aggregate concrete is
usually related to cement content at a given slump rather than

- The compressive strength at a given cement and water
content can be increased by reducing the maximum size of

= Internal Use Only Do Not Distribute
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coarse aggregate and/or partial replacement of lightweight fine
aggregate with a good-quality natural sand.
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Agenda

Standard Specification for Lightweight Aggregates

Requirements for Structural Lightweight Concrete

« Performance of Lightweight Concrete

Simulation for Floor re-sectioning project

Appendix A

Summary
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Natural Pumice

Compressive strength lightweight concrete Pumice

« Density class 1850
kg/m3 gain 320 - 430
ksc Cy of Strength at
28 day

- Density class 1700

kg/m3 gain 250 - 350
ksc Cy of Strength at
28 day

Failure plane
. rs
Failure plane of the -7 »Tga;g &
sample was occurred : ?ffn,c"-""
at the aggregate. p o
This case showed

that the strength

; limitation at
-I-. — = aggregate.
= = Internal Use Only Do Not Distribute
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Natural Pumice

Splitting tensile strength of LW Concrete

S

Density class 1850 kg/m3

Internal Use Only Do Not
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How we can make sure that High Strength Concrete meet the
Quality standard and Specification

Modulus fo Elasticity

Pa)
50000 L i
8.5 — Modulus of elasticity HPC Lime stone
45000 8-5-1 — Modulus of elasticity, E¢, for concrete shall be HSC Lime stone +++ t
i 1.5 7 (0 + +
permitted to be taken as w,'-°0.043,/f7 (in MPa) for A +
values of wg between 1440 and 2560 kgn‘m3. For A AN éﬁ &} é& AN +
normalweight concrete, E, shall be permitied lo be 4% 7% A &% 74
40000 L Py
taken as 4700 /f_ .
NCC Lime stone
35000

E,=40.000(/)"% + 10° (psi) for 3000 psi < £ < 12,000 psi
30000 2
(Martinez et al. 1982)

(6-1)

25000 E,=3320(/2)™3 + 6900 (MPa) for 21 MPa < £/ < 83 MPa

Equation (6-1) has generally proven to be a relatively reliable
lower-bound expression (Fig. 6.3) for normal-density HSC
based on most HSC data collected:

20000

15000

10000

20 30 40 50 60 70 80 90 10
Compressive Strength (MPa)
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Agenda

« Standard Specification for Lightweight Aggregates
« Requirements for Structural Lightweight Concrete

« Performance of Lightweight Concrete

« Simulation for Floor re-sectioning project

« Appendix A

* Summary
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Simulation for Floor re-sectioning project

No of stories

Material Mobility Construction
cost cost cost

Cost construction per stories

« Construction cost depends on the number of stories of the building.

- The number of stories depends on the weight of structure.
Internal Use Only Do Not Distribute
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Effect of Building Design

« Gravity Load

- Lateral load; Wind
load

- Deflection; Stiffness
design

« Drift limit based on h;

| ]

Internal Use Only Do Not Distribute
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Type of floor system

Thickness cm 15+5 top
Span m 8 6 4-5
DL (2400 kg/m?3) 600 600 315
DL (1850 kg/m3) 460 460 285
Allowable
Superimposed 520 520 676 - 340
Load kg/
é;| Internal Use Only Do Not Distribute
A c,,y “ME,W Siam City Cement Public Company Limited ©SCCC | All Rights Reserved.

Type Post-tension | 1WO-way Flat One way
slab hollow core

One way Steel
decking

12.5
3.3-4.5
210
180

1050 - 480

21/07/2022 131
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Overall Structural system Slender
« Normal density 2,400 kg/m3

« Thickness floor 25 cm
- DL Factor =1.3
« DL =1.3 x 600 kg/m?

-
- DL=1.3x 180 kg/m2-

« LWC density 1,850 kg/m?3
« Thickness floor 12.5 cm W shape

Internal Use Only Do NQLTsﬁb%[Qtor =1.3
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Industrial trial mix at SCCO-RMX Plant

3W Composite Floor Deck Superimposed Load LWC Mix1

LWA 17.2% by weight -+ LWA13.2% by weight
Density 1,738 kg/m3  Density 1,819 kg/m3

' Do Not Distribute
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Industrial trial mix at SCCO-RMX Plant

3W Composite Floor Deck Superimposed Load LWC Mix1 density 1,738 kg/m?3

Sample Area 1.3846 i
4
S 2 |Weightof
: 3 § ( : 18.15 | kg/sheet
-‘ﬂ‘._,L LG SteaiDuci % o |Steeldeck (1.2 mm
Composile Siab
Mﬁ‘é‘l 121924 - ioht/: 13.11 2
g S I T 3 weight/area .

R % 21516
Total weight

sample floor

DL, (SteeHLWC) ~ 154.0

Strength 7 day 282

thickness 120 mm

LWC 1738 ke/m’

Strength 28 day

Ratio LWA . veight

:"-T. IE,,:'M'!,%'&W Siam City Cement Public Company Limited ©SCCC | All Rights Reserved.
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Industrial trial mix at SCCO-RMX Plant

3W Composite Floor Deck Superimposed Load LWC Mix2 density 1,819 kg/m?3

Sample Area 1.3846 m

Weight of
18.11 kg/sheet

Steel deck
Sample 2

Steel deck (1.2 mm)

weight/area

2
kg/m
Total weight

sample floor

DL, (SteekLWC) ~ 179.1 ke/m

DL | 1722 s’

Strength 7 day ksc

thickness 130 mm

Strength 28 day 5 ksc

Ratio LWA . Y%/weight

.
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Construction/Structural Features

ST B + Total 115 floors
; ,f@>L0/F * Height of tower structure — 490 m
g 5 % + Average floor plate area — 3,000 m2
5 i’iﬂ « Total area 280,000 m?

;7; + Concrete 240,000 m3
< 2,;; w¢ * Reinforcing bar 98,000 tons Structural
g = + steel 27,000 tons

+ Total Weight of Building = 701,000 tons

21/07/2022
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Summary

Lightweight Aggregate Concrete has 3 density classes; 2,000,
1,850, 1,700 kg/m?3

Lightweight Aggregate Concrete has the same strength
classes as INSEE Normal Weight Concrete.

Lightweight Aggregate Concrete has Elastic modulus lower
than Normal Weight Concrete 10 — 35 % depending on
concrete density

Equation mogdel for control Elastic Lightweight aggregate
concrete W,  0.043Vf_’ in (Mpa) (ACI 318M-11)

2,300 kg/m3 = 15,100 V f, ksc
1,850 kg/m3 = 11,000 V f_ ksc

Internal Use Only Do Not Distribute
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Summary

« INSEE Structural Lightweight Aggregate Concrete Floor on
steel decking thickness 12.5 cm, weight of DL floor 180
kg/m?

 High strength 250 Ksc
« Low density < 1840kg/m3
* Reduce the weight of concrete

- layer on top of ground floor => reduce load for the basement
and structure

« Easy for pumping and placing

Internal Use Only Do Not Distribute
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