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Flow = 2.4 6 Stump - 0.32 (3.25)
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Kiotat = Kcemem + KF Iy ash (3.46)
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Physical properties

Typeof powder [Specific]  Blaine  (%Retaining oa| Moisture ] Baby | By by
gravity ifineness (cm?/g)| sieve No.325 |content (%)|weightlvolume

Cement (@e- | 3.15 3122 8.60 0.11 | 023 [0.7245
Liguite fly ash (FA0)} 1.90 2014 45,68 0.11 | 021 }0.3990
Liguite fly ash (FAL)| 1.90 1824 44.50 0.12 | 021 |0.3950
Lignite fly ash (FA2)! 1.93 2076 43.88 0.07 | 020 |0.3860
Lignite fly ash (FA3)| 2.28 2347 NA NA | 018 [0.4104
Lignite fly ash (FA4)| 2.16 1646 NA NA | 0.18 03888
Lignite fly ash (FAS)| 1.88 1498 NA NA | 02! (03948
Fly ssh (FA6) | 2.26 2575 12.60 037 | 031 [0.7006
Pumicite (PU) | 2.36 2557 45.27 0.52 | 0.29 |0.6844
Metakaolin (MK) | 2.38 9169 NA 044 | 052 {12376
Rice husk ash (RHA)| 2.15 8240 74.85 128 | 0.69 [1.4835

Note: Other replacement materinls except FAQ were used in the series of other
researchers which have been used to verified the anticipated model.

1\ ‘ ] ‘. J
mﬂdﬁ 3.2 mmﬁmmnqm\nn (Size group) Aanlataunit (3.14)
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Size group Group Number Relative Size d; (mm)
#200 - #100 1 1 0.11
#100 - #50 2 2 0.23
#50 - #30 3 4 0.45
#30 - #16 4 8 0.89
#16 - #8 5 16 1.77
#8 - #4 6 ky) 3.56
#4-~3/8in 7 64 7.13
3/8in-3/4in 8 128 14.25
9 256 28.50

3/4in-11712in

M51af 3.3 Ates W fresadd WOT Shmp 4 Weldmmaminfiue

HRWR Dosage (%) W freeadd Slump 444 R?
1.20 80.16 13.36 0.60
1.60 99.10 9.29 0.88
1.80 89.92 18.93 0.94
2.40 82.36 21.47 0.61
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fnrnar 1w

HATIU ASTM
Fannemsin gjrdm ¥
C494 (% Tmeninnind v
DARACEM® 100 W.R, GRACE Type G 0.3- 1.5%
DAREX® 20+ W.R. GRACE Type A and F 0.4 -2.0%
Sikament® FF SIKA Type Aand F 0.6-1.5%
Sikament® 520 SIKA Type G 0.6- 1.5%
Sikament®-9 EX SIKA Type Aand F 0.6-15%
0.8-1.5% (30-60 Mpa)
Mighty® - RD (HP) KeO Type AF and G 1.5-2.0% (60-80 Mpa)

2.0-2.4% (80-100 Mpa)

meef 3.5 Mrffulrdninarendsosuasddiy

Haee
21y Anans Indnrimeing
1 4 24P -1.7r+ 1.0 08r+1.0
28 5u ‘
58 1y 6.1+ 1.7r +1.0 462+09r+1.0
81 4 .

3afm
Ll ANAN Indnfimang
14 1.1 0.9
28 3u -189%+55r+ 1.0 -10.17+3.0r+1.0
58 %y 1377 +41r+1.0 48P+ 17r+1.0
013U -10.5¢+3.11+ 1.0 S350+ L1r+1.0
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asfUsznaumnaail winnee aafifu
Si0, 34.8% 92-98%
ALO, 18.2% 0.5%
Fe,0, 14.2% 2.1%
MgO 3.0% 0.3%
Ca0 22.6% 0.8%
Na,0 0.9% | 0.1%
K,0 2.2% 1.0%
SO, 3% 0.2%
Lol 0.2% -
Si0, + ALQ, + Fe,0, 67.2 ‘ -
ASTM Class C -

* flaynaneddores Gan [9]
 fleyaananiifusesnunn [10]
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Exposure class Environmental conditions

1. Dry environment .8
« interior of buildings used for normal

habitation or offices

2. Humid environment Eg.
(a) Without frost « interior of buildings where humidity is high*
C « exterior components
+ components in non-aggressive soil andfor
water

(4) With frost E.g.

e exterior componenis exposed to frost

« components in non-aggressive soil and/or
water and exposed to frost

« interior components when the humidity is high
and exposed to frost

3. Humid environment 451 . ‘
with frost and « intérior and exterior components exposed to

- de-icing agents frost and de-icing agents

4. Seawater environment | E.g.

(a) Without frost o components completely or partially immersed
in seawater or in the splash zone '

« components in saturated salt air (coastal area)

() With frost ' Eg. ‘
' « components partially immersed in seawaler or
in the splash zone and exposed to frost
» components in saturated salt air and exposed

to frost
5. Aggressive chemical Slightly aggressive chemical environment {gas,
environmentt liquid or solid) ,
(a) Aggressive industrial atmosphere
(h) Moderately aggressive chemical environment
(gas, liquid or solid) '
(¢) Highly aggressive chemical environment (gas,

liquid or solid)

* E.g. in commercial laundries.
+ Chemically aggressive environments are classified further in clause d.6.6.4. Table

d.3. They may occur alone or in combination with exposure classes 1-4.
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M99 3.8 Fndnfnlunnraenuuugiusfinr MU NTsIAsUnTAS UnatezduTuA T ae e

TAnan Afualay cEB “Y

Exposure class according to Table d.|

T

1 22 | 2b 3 4a | 4b | S5a | 5b | Sct

Max. wjc ratio®

for _
plain - {0701 - - - -t - - 1. -
concrete
reinforced | 0.65 | 0.60 | 0.55 | 0.50 | 0.55 | 0.50 | 0.55 | 0.50 | 0.45"
concrete
prestressed | 0.60 | 060 | - 7 = - - - -
concrete ' e

Min. cement
content® in
kg/m’ for | |

plain i50 | 200 | 200 - - - | 200 - -
concrete '

reinforced | 260 | 280 | 280 | 300 | 300 { 300 | 280 | 300 | 300
concrete
prestressed | 300 | 300 ( 300 - - - | 300 - -
concrete

Min. air content
of fresh
concrete in %
for nominal

max.
aggregate size

of:}

312 mm - - 4§ t 4% - 4§ - | -

16 mm - - 5§ | 5§ - 5§ - - -
8 mm - - 68 63 - 6§ - -
Frost resistant - - { Yes | Yes | - | Yes | - - -

aggregates _

Impermeable - — | Yes | Yes | Yes | Yes { Yes | Yes | Yes
concrete

according to

d.6.6.1

* Max w/fc may be replaced by (w/fc) and min, cement content muy be replaced by
{c + 2f) where national standards or regulations allow. Refer to clause d.6.3.3.2,
t In addition, the concrete should be protected against direct contuct with the
aggressive media, c.g. by coatings,

1 With a spacing factor of the entrained air void system < 0.20 mm.

§ In cases where the degree of saturation is high for prolonged periods of time. ¢.g.
for structures in the tidal zone, parts of locks, etc.
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thduiilesanaounia

Amninag e (Heat conductivity)
Arau¥eusnnne (Specific Heat)
AN (Density)
AnutnTonAinAafeuias

{Heat absorpability)
snrmnfvgamgicuuindua¥ou
(dunnm)(Adiabatic Temperature Rise)
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S 3.10 Tsunsuten uarrmasi@uamiiinamieu

Tusunsuden i
AR (Calculation Part}
Blender FuandaunRNTaRnaTNTIzaNmde A unteIn IR nAeUNT RN IO
QuAntABinng Least square vt A8n"7 Simplex (ﬂ'f;ﬁﬂﬂ 3.2.1)
MaxCM Aianaindunigaiseniaudedwusmnumumutesaours  uae
muuuui'mﬂmﬁ'amuquqruuqﬁLﬁ'u (Wakedl 3.2.5)
CalWC ﬁquqmﬁ’m_iwﬁﬂﬂn-'n’muoﬁ.l::ﬁwﬁuaﬁmnnﬁmﬁuﬁﬂﬁeé’mmnaun‘immnmq
e Maturity Concept uaz Effective Cement Concept (\T’J'ﬁﬂﬂ 3.2.4)
AggSSCal AaniuiitndnzresaamiRInieyaninIzennane:  uatsznmees
IR
SlumpCal AInIATYLAIIEIABUNTATAY Free Water Concept (Wrdiefl 3.2.2)
CalcSuper ﬁ'\mmﬂ‘mqmﬁwmmﬂuamﬁu Wietfinlransusrnsmourin
AdjustBatch VsFdunsamaAn AN TNtesaanN TasAuanmninden uasufuuk
Uhnnin ludavuay
CalBatch FnanituRRANL AR v
fauugasun (Output Part)
DrawCurve LAAUATAINIABEIRNIRITNUABELININ  2TIIUARAYIINUALIOUIIARTY
ferwunseanrsuBRAsuNTRANIINUTES
DisplayMix kamuadndn1zATuInluAITanEa
DisplayChart wamnsmin Wuninsimaimurinfedaseineunianueny nrvgumnlids




D)

4
Agsume Start Value for
each aggergate

Trial increase/decreass
Value

¥

Caloulate new index from
Trial Value

Use Trial Value to be
Stert Value for next loop

v

Index(old) Is graater than

Index{naw)

'IVu

quf 3.1 (n) ddunnnfegounazasunamsiaiiindeesteniign

Ahsolute Volume
Equation

Relative
Avallability Factor

Simplex

Algorithm

HPC grading
boundary

boundary

Yon

v

atisfy HPC grading

Optimum
‘Volume proportion

No—»

Reject
aggregate

Optimum_

Weight proportion

v [ ]
yﬁ 3.1 (1) TumeuntAUIUEAdUNENTeNIa TN AT inand
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Water retained (%)
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Acceleration (G)
(c) Water retained by sand
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Water retained (%)
s
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00 100 200 300 400 500 600
Acceleration (G) :
(b) Water retained by slag
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(c) Water retained by cement
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Slump (cm)

Angularity factor, 1/y
-
]

1
0.3 0.4 0.5 06 07
Voids content, ¢ ‘

~
(=

- ) ar J 1
qilft 3.3 arudiufresniaiszneusndumiumm usterinsremonn™

b
wn

(] 1 ] I

Free water content, W (kg/m3 of concrete)

. ¥ . .
FUR 3.4 momduiufoaaindare uszAnimudtreaneuninluanmziven ™
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Y 1.0 Ll 1.2 1.3 14 1.6 1.8
Slope of Slump-Free Water 0.0000 | 0.0232 | 0.0868 | 0.1524 | 0.2526 | 0.3385 | 0.3879
Curve {a)
L Lo S et
g ; . o
E 038 - i . : Ceeles e .’._',.g?. - ;
| I ¥ 1
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Additional Free Water (kg/cu.m)
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HRWR Dosage (% by welght of powder)
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Calculated Addiional Shemp (cm)
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alpha = 0.25
Praciicat range for producing
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iy @
/F - alpha =0.10
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/ /’ Range for progucing of High strengih concrets

[ A
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05 1 15 2 25 s
Superplagticizer Dosage (% by weight of binder)
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DIN Flow Diameter
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Prodicted (Mpa)
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P z
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80 90 100

*NHC - Data from NamHang Concrete {1992} Co.,Ltd. Laboratory Testing Mix (with Permission)

Compressiva strength (Mpa)
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Efficiency function
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Adiabatic Temp. Rise (Deg Ceidus)
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HPCX MAIN
v ! v
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Controls L 2
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Input
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. Aggregate Pr.perties
- Type of aggregate usad

Improve aggregate grading properties by

Add special aggregate group
Change Aggregats

No

Fly Ash Class C (15 - 35%)
Fly Ash Clas® F (15 - 26%)

Matarial Properties

A

- Specific Gravity, Molsture Con

Absorption capacity, Gradations
. Cement Type (OPC, RHPC, SR

. Flowable Concrete
. Mass Concreta

Choose Type of HPC to Design

Blend Coarse and Fine

*  High Strength Concrets

.......

. Least Square Method

Aggregate
(Call Blender)

bined aggregata grading
satisfiad HPC spec.

Yes

4

Specify Compreasive Strength

" and Calculate Target Mean Strength

. Simplex Mathod

.....

*  ACI 214 Standard Practice

asign a8 High Strength
Concrete Mixture

Yes
Y.

No—

Specity Workabillty of HPC
{inkial Slump, Level of Flowabllity)

. User specified value

Specify Class of Exptsure and
Minimum concrete covering

Silica Fuma (5 - 15%)
Automatic replagernant
No Replacement

Specify Replacement Percentage of
Mineral Admbxdture

Speclify Allowable Adiabatic Temp Ris:
and least dimension of structure
(Tmax, h)

¥

- Caleulation Process
(Call DesignMain)

Display Design Results

{Call DisplayMix,Display Chart) |----

i~ Tabla of Mix Proportion
i~ Mix Proportion Chart
i- Comp, Strength Development Chart

i~ Adiabatic Temp. Rising Chart

=l o H -
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C START DesignMain )
v

Set Initial Minimum Effective Cemant Content
(CM + kP) from Durability criterla
(Call DurCal)

Calculate Effective W/C Ratlo
(Call CalWC)

104

Effactive WiC > Effeciive WIC = Max Penmiss|
ax Pemissible WIC Yes—» Effsctive WIC
No
Dﬂ"gl'l a8 Mass N
Concrete e
Yos
A 4 Y
Calculate Limit Cement Content CMMax = Maximum Setting V
' (Call MaxCM) . (Default = 550 kg/cu.m)
L% CMMax No Exit Sub -

Yos
h 4

Calculats Water Content

100 CM=CM + Increment

Pozz = r"Pozz
CM = (1-nCM

W)

¢

[

No

Calculate Siump of Mixture
Cau SlumpCal(CM,W,Alpha,Wagg)

CaicSlump > Req

Initial Slurnp

Yosu

®
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SPUse = Trus

Yeos
\ 4

Calculate Required Superplasticizer dosage
Calt CalcSuper(CM, Slumpin,SlumpFinal Alpha)

cSlump <
Slump
Calculate Water Content Yes CalcSP < MinDosage Yes
w) {Def = 0.5%) l
No GOTO 100
¥
GOTO 100 Calculate Slump and Flow of No
Mixture

%r
Exit Sub

Ul 3.23 (se) MdunminusestlsinunIAaINMen (die)

( START Function MaxCM() )

.
Declare variable X
‘ PubCaQFA = Ca0 Content of FlyAsh
X = PubCaOFA/ = 10% for Class F and
PubCaQOCM 20% For Class C
PubCaQCM = 64%

MaxCM = PubTmax/(0.08°(1~ Pubr + Pubr'X))l(1-em.(-3.47h)

Calculate Maximum Cament Content

C Exit Sub )

FUf 324 frdunTninautasiilzunutien MaxCM




( START Function CaWC

)

y

Declare variables
WCHAB

Calculate Maturity function
from Eq(3.11}

Calculate Effective function f(r) from

replacament of mineral admixtures

%

Calculats WiCeff from
WC = log{A"H/TMSVogBA(r)

l .

A=177,B=24

: L 4
( End Function )7

No—p

WC = MaxWCeff

sU# 3.25 drsumrinunnlulsunsiten Cawe
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( START AggSSCal (SSC,SSF,SS) )
¥

Declare variables

CF FF Agps(1to 4, 1o 8), Temp, SGC, SGF, TotalCoarse,

TotalFine,DavC, DavF, FacC,FacF

Foria1to4
l Forj=tto 8 ]

<

Calculate %Retained at Individual
siave slre

Aggs(L)) = 100 - PubAggs(i))

No

Calculate %Retalned at individual sieve slza

AgQs(l,j) = PubAgga(ij-1) - PubAgps{ij)
‘ ¥
Next |

Nexti -
Fori=1t0c 8
¥

Set average diameter of size group
Select Case
Casei=1:CF=285
Casei=2;CF=1425
Casel=3:CF=713
Casei=4:CF =358
Casei=5.CF =177
Case=8:CF=088
Casei=T:CF =045
Casei=8:CF=0225
End Sslect

DavgC = DavgC + Aggs{1,)*CF

Yos—»!

|

Yos—p

DavgC = DavgC + Aggs(1,)"CF

Na.

]

DavgC = Duvgc_ + Aggs(1,)*CF

|

DavgC = DavgC + Aggs{(1,l)"CF

Yes
No

QU 3.26 ddunrRtunuenafzunssien AggSSCal
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Calculate Weight Fraction of Coarse and Fine Aggregate
TotaiCoarse = PubORw(1) + PubORwW(2)
TotalFins = PubORw(3) + PubORw(4)

Calculate Comblned Specific Gravity of Coarse and Fine Aggregate
SGC = 1/(PubORw({1)/TotalCoarse/PubAgoSG(1) +
PubORw(2)/TotalCoarse/PubAggSG(2))

SGF = 1/(PubORw(3)TetaFine/PubAggSG(3) +
PubORw{4)/TotalFina/PubAggSG(4))

SetFacC =0
: FacF = 0

Yes FacC = FacC + PubORw(1)
|

Yes——»  FacC = FacC + PubORw(2)
|

Yes—» FacF= #lcF + PubORw(3)
|

Yes—rl FacF = FacF + PubORw{4)
|

Y

FacC = FacC/100
FacF = FacF/100

Calculate Specific Surface Area
SSC = 6E+08/DavC/SGGC"1.41
SSF = 8E+08/DavF/SGF*1.24
SS = SSC(PubORw(1) + PubORw(2)y100 +
SSF{PubORwW(3) + PUbORwW(4)y/100

{ Exit Sub )

31_]# 3.26 (Ma) SHAUNIITINTEIlLsUNINLieL AggSSCal
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START Function Slumpeal )
{CM,W,Aipha, Wagg)

Declare Variables
S$5C,SSF,55,Gamma, Seff, StP S1A, Vv,
Vp,Vagg.AgaC.AggF BetaC,BetaF Wir,Wo

Y

Calculate Pasts volume and Aggregate volumse
Vp = CM/PubCMSG +FA/PUbFASG+ W + PubAir* 10
Vagg = 1000 - Vp

—h( Forim1to4 J

v

Calculate Weight of Aggregats
Wagg()) = Vegg PubORV(IW100 *
PubAggSG(i)

y

_——u;u_J

Vv = PubVoid*10
Gamma = Vp/\Wv

Calculate Alpha form
£q.{3.37)

.

Caleulate Total Weight of Coarse 'and Fine Aggregate
AggC = Wagg(1) + Wagg(2)
AggF = \Wagg(3) + Waggl4)

y

Calcutate Spacific Surface Area of Aggregate
" Cell AggSSCal(SSC,SSF,SS8)

!

Calculata Total Sp.Surface Area of Aggregate and Powder
StA = SSC*AgyC + SSFAggF
StP = CM*PubCMBSS + FA*PubFABSS

'

Calculate Effective Surfacs Area from
Eq.(3.38) and 3,39

!

Calculate Retainabllity of Cement and FiyAsh
and Aggregate from Eq. (3.28), (3.30)

Y

Calculate Free Water content from Eq. (3.28) and
Calculate Wo from Eq. (3.40)

v
Calculate Slump from Eq.{ 3.36)

2

C End Function )

gﬂﬁ 3.27 fduniminurealisuniution SlumpcCal
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START Function CaleSuper{Byval CM,Byval
Slumpin,SiumpFinai, Byval Alpha)

Declare variable
TempSlump,SlumpAdd,Wadd, SP

SP = 8P + 0.1

b

Calculate Wadd, SlumpAdd from
Eq. (3.43) and (3.44) respectively

No‘ ‘

Calculata TempSiump from Eq.{3.42)

ampSlump > Required
Slump - Inltial Slump

Yes
Y

CalcSuper = SP*CM*10

L 2
( End Function )

31]*7'1 3.28 fMAUMMIeeesiisinsitien CalcSuper



( START Sub Adjust{AdIW AdWagg) )

Daclare variables
Wsubst,SM(1 to 4)

4."]7] Forl=1to4 |

Calculats Surface Moisture Content of Aggregate
SM() = PubAGGMC(l} - PubAggPA(D

Calculate Adjusted Welght of Aggregate
AdWaegp(h) = AdWagg(i)*(1 + SM(i¥100)

Calculate substracted Watsr Content
Wsubst = Wsubst + AdjWagg*SM(iy100

Next i |
N

AdIW = Ad]W- Weubst

y
( Exit Sub }

217 3.20 drduniminauzeslusunsutien Adjust
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( START Sub CelBatch () )

|

Declars variables
BatchCM,BatchW,BatchWagg(1 to 4},
BatchSP,N,F

Define fraction of batch volume
F = Val(frmBatchVol Text)/1000

I

Caleulate Batch Mix
BatchCM = F"PubCM
BatchW = F*PubW
BatchSP = F*PubSP

CLLL R

BatchWagg(l) = F*PubWagg(i)

Set Column order
SetN=3

Send value to display
Call DisplayMix(BatchCM,BatchW,BatchWagg,BatchSP)

( Exit Sub )

17 3.30 drfunninenedlsunaudey CalBatch
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