CAC PHU GIA KHOANG TRONG BE TONG VA XI MANG

1. Tro bay
1.1 Qua trinh san xuat tro bay.

Bén dudi la qua trinh san xuat tro bay trong nha may nhiét dién, tro bay dugc thu gom trong thiét bi
thu gom.
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1.2 Tiéu chuén cua tro bay



No Particulars ASTM C618 Type F|BS 3892 Part 1| 153812 |TCVN 10302 type F [TCVN 10302 type C
1 Particle density (kg/m3, min) Mot specified 2000 Mot specified

2 Blaine fineness (m2/kg) Mot specified Mot specified 320

3 R45 pm sieve (%, max) 34 12 34 25 25
4 Loss on ignition (%, max) 6 7 5 12 5
5 | Water requirement (% of PC, max) 105 95 Mot specified 105 105
6 Moisture content (%, max) 3 05 2 3 3
7 Soundness (autoclave, max) 0.80% 10 mm 0.80%

8 Strength activity index (%) 75 80 80 75 75
9 | Si02 + Al203 + Fe203 (%, min) 70 Not specified 70 70 45
10 Si02 (%, min) Mot specified Mot specified 35

11 Reactive silica (%, min} Mot specified Mot specified 20

12 CaO (%, max) Mot specified 10 Mot specified 10 =10
13 MgO (%, max) Mot specified Mot specified 5

14 S03 (%, max) 5 2 3 3 5
15 Alkalis as Na20 (%, max) 15 Mot specified 15 {55 1.5
16 Total chlorides (%, max) Mot specified 0.1 0.05 0.1 0.1

e Tro bay (FA) thuong cé 2 loai C va F, phan biét qua ham lwgng CaO trén hoac duéi 10%

e FAloaiF c6 hoattinh pozzolanic, trong khi loai C vira c6 hoat tinh pozzolanic vira c6 hoat tinh
hydraulic (thdy hoat tinh, giéng slag va cement).

e Mat dd tuong déi trung binh clia FA ndm trong khodng tir 1.900 dén 2.400 kg / m3 Cac pham vi kich

thudc hat khac nhau cé thé cé mat dd khac nhau tir 500 dén 2.600 kg /m3.

e MAat dd cao hon dugc tim thay cé tuong quan vdi lugng oxit st ngay cang ting trong FA.

e Khéiluong don vi rdi clia FA khé nam trong khoang tir 500 dén 900 kg /m

1. 1.3 Thanh phan cua tro bay



Chemical Analysis of Typical Fly Ash, Slag, Silica Fume,
Calcined Clay, Calcined Shale, and Metakaolin

Artificial Pozzolans Natural Pozzolans
Class F Class C ili i
y a: y Groundslag

Total Na
eq. alk, %

e FAc6 chura sulfates dang hoa tan, cé thé phan irng vdi cement tuong tu nhu phan ng ctia thach
cao

e NE&u ham lugng SO3 cao c6 thé gay ra su mat 6n dinh thé tich trong bé téng, anh hudng dén do
bén. FA c6 SO3 <5% c6 thé sir dung torng bé tong

1.4 Tinh chat, hoat tinh, co ché va tac dong
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e Cac phu gia hoat tinh pozzolana dugc dung nhu SCMs (Supplementary cementitious materials)
tiéu thu Ca(OH)2 tic CH théng qua phan Ung pozzolanic

o Caithién cuong do

o Tangtytrong cla vira, ho (do sit dac)

o Giam ham lugng kiém (gidm phan &rng ASR)
o Giam nhiét phan tng

o Lam cham phat trién cudng doé sém

e Phan &rng Pozzolanic:

Thuy héa cua xi mang
Cement + Water —» CSH +|Ca(OH),

Hoat|/tinh Pozzolanic

Fly ash +/Ca(OH),|+ Water =— CSH

o Cement (phu gia thuy hoat tinh) + Water a C-S-H + CH
o Pozzolan + CH + Water -a C-S-H
e Tro baynhém C la trung gian gi(ra tro bay nhém F va slag
1.4.1 Hoat tinh ctia tro bay

Hoat tinh puzzolanic cua tro bay.

hydrated calcium aluminates
(reactive 5i0, and Al,0,)

hydrated calcium silicates
C-S-H
FLYASH 4 Ca(OH), + H,0 =) =

hydrated calcium sulfo aluminate

Hoat tinh puzzolanic phu thudc vao cac yéu té:
e Thanh phan khoang va hda cula tro bay.
e Nhiét do6 va thoi gian phan &rng

e Lugng nuéc (W/C)



« Tylé FA/Ca(OH)2
e Diéntich bé& mét cta tro bay
e Phugia hdahoc trong cap phoi.
Chi sé hoat tinh cua tro bay c6 lién hé tuong quan vdi ty & SiO2,A1203,Fe203.

Tuong ing vai do 1a ham lugng CaO véi téng ham luong Si02,A1203,Fe203.
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Ham lugng Ca(OH)2 khi déng ran gidm nhiéu khi tdng ham lugng FA.
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o Tong ham lugng cac oxides cua Si, Al, Fe dugc goi gan dung la pha thuy tinh, ty & nghich véi ham
lugng CaO

e Ham lugng CaO cang cao thi cuong dé sém cang cao, do phan ng thliy hda xay ra sém, tuy nhién
cudng do sau 90 ngay it nhiéu tuong duong nhau.

1. 1.4.2 Anh huéng cua tro bay dén cudng do

Cudng doé bi tac dong cua 3 yéu to két hgp: Dilution (pha loang) + Physical (vat ly) +Chemical (hda hoc)



e Vatly: do hiéu Ung lam day
e Hoda hoc: do phan &ng pozzolanic

e Phaloang: giam ham lugng xi mang trong bé tdng, dong thadi FA cling cai thién kha nang ti€p xtc bé
mat clia cac hat xi mang (IT2)

Tro bay nhém C c6 cudng dé sém cao han nhdm F, vai tro bay nhém C c6 thé c6 cudng do 28 ngay tuong
duong v6i cement

C4a 2nhom C va F déu cé thé dung cho bé tong cudng do cao, tuy nhién ACI khuyén nghi, nhém F co thé
thay thé 15-25% xi mang va nhém C [a 20-35% cement.

Compressive strength (CS) dugc uvdc lugng theo phuong trinh:

q

Hnmcss) .

CS = ((K/A)*10)%+¢3(Ca0)™ + cs(LON™ + ¢-(
1000
1] )

where CS is the compressive strength and ¢, ~cy are the coefficients
determined by least squares technique.

e K/A:latylé K20/A1203
e Fineness: do min Blaine cua tro bay

Céc hé s6 ¢c1 dén c8 dugc hoi quy tir thuec nghiém theo bang sau

Table 3
Regression cocflicients and correlation coefficiont (RY) for different pereent of fly ash replacements and testing periods

Cocflicients 10% replacement 20% replacement 35% replacement 50% replacement

28days 9ldays 365days 28days 9l days 365days 28cdays 9l days 365days 28days 9ldays 365 days

€ 44 2.67 0.19 1.04 0.13 020 1.60 1.60 1.68 0.64 0.38 0.66
o) 0.00 0.00 6.% 130 695 708 189 2.18 132 3.28 4.66 49
P 44 1.87 8.13 401 569 585 0.00 1.72 1233 9.3 2.64 2.00
Ca 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00
Cs -7.10 -3.96 -4.13 -584 -441 -554 -1.87 -334 -2.18 -7.96 -9.75 -2.36
Ca 021 0.32 0.37 034 047 047 069 065 0.85 0.35 0.4 0.89
Cy 21.39 33.45 36.67 2435 30.00 36.78 1662 1639 2035 10.41 25.9 3.6
Ca 04 0.19 0.15 022 023 024 031 044 044 045 0.37 045
Corrdation coeflicient (R°) 0.714 0.641 0.693 0885 0882 0877 0861 085N 0.876 0919 0.932 0.900

e Hé s6 hoi quy cta 20-50% twong ddi tin cay (>0.8)
e Ham luong LOI c6 anh hudng tiéu cuc dén cudng doé (c5<0)

e Hé s8c4=01a do cac mau tro bay dugc khao sat cé ham luong CaO khéng chénh l&ch nhiéu (tat
ca,11%) (A simplified model for prediction of pozzolanic characteristics of fly ash)



Fineness of Fly ash and the effect on mortar strength
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1. 1.4.3 D0 min cuta tro bay

Shape Hinh dang hinh cau ctia FA c6 tac dung lam gidm lugng nudc yéu cau va cai thién tinh linh déng
clia bé tong

Anh hudng ctia d6 min
e DO min cang cao thi hoat tinh pozzolanic cang cao.
e FAco6 cdhattrong dai1-100 micron
e Cachat<10 micron: déng gop cudng do sém (7 & 28 days)
e Céchat 10 -45 micron: déng gop cudng do tré (1 nam)
e Cd&hat>45 micron: chd yéu déng vai trdo nhu chat lam day.

FA lam gidm lugng nudce tron, tuy nhién khi dé min R45 tang (>30%) c6 thé lam tang lugng nudc, diéu nay
c6 thé gidi thich bdi do phan b6 c& hat khéng hop ly, tao nhiéu 16 réng gitra cac hat.
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1. 1.4.4 M4t khi nung (LOI)

e Ham luogng Mat khi nung (LOI) thé hién ham lugng than du (Unburned carbon UBC), la mét dac
tinh quan trong ctia tro bay

e Than du khoéngtham gia phan irng thiy hda tao cuong do, tuy nhién than du lam tang lugng nudc
tron do kha nang hut nudc va hép thu phu gia hoa hoc.

e Mirc d6 hap thu phu thudc vao dé min va loai than

e FAVGi <4% LOI thi an toan dung trong bé tdong, & mirc nay, mirc do hap thu phu gia hda hoc bé tong
& muc chap nhan dugc.

Hinh bén dudi la anh chup cua 2 loai tro bay v&i LOI khac nhau (1.79% vs 8.48%)

Fly ash Fly ash
Loss on ignotion - 1,79 % - category A Loss on ignotion - 8,48 % - category C
Fineness - 1,0 % - category S Fineness - 27,5 % - category N

Ham lugng phu gia hda hoc tang kha nhiéu khi lugng LOI cao.

Fly ash - loss on ignition 17,9%

Amount of
[AYESOL OV Stump test (cm) superplasticizer Air content [%]
[% mass of cement]
Fly ash |1
(2,2% loss on ignition) 18 cm 0.87 1.7
Fly ash II = . .

(17,9% loss on ignition)
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1.
1. 1.4.5 Lwong nuéc yéu cau
FA giam lugng nudc tron chd yéu do 3 co ché:

e FAh&p phu lén bé mat cac hat cement tich dién, ngadn cement két tu véi nhau, giai phong nudc
gilra cac hat cement, lam giam lugng nudc yéu cau ing véi cling do sut.

« Hinh dang cau véi bé mat tron cGia FA lam gidm ma sat trong hén hop bé tong, ting tinh linh dong
e FA Oty trong thap han cement, cé tinh linh dong cao han trong hiéu Ung filler so vdi xi mang.
Bé téng dung FA c6 ty trong thap hon nén dé bom, cai thién bé méat bé téng, gidm tach nudc va phan tang
Cap ph6i dung FA c6 it cat hon, do FA déng vai tro c6t liéu min

Hinh bén dudi la khao sat lwong nudc véi R45 cla FA.



sieve residue with 0,045 mm of
mesh sieve [%]

e 1.4.6 Thoi gian dong két

o FAlam tang thai gian déng két clia bé téng, do la két qua cla téc dd phan (ng pozzolanic chdm
ctia FA

e Tro bay nhém C it kéo dai thgi gian dong két han nhém F, do hiéu qua clia thay hoat tinh cila nhém
C, trong mot s6 trudng hop FA nhom C lam giam dong két (do anh hudng phu ctia ham lugng
alkalies)

e S0 sénh thai gian két thic dong két trung binh clia nhém F va C, tuong ing la 4:50 va 6:15 hr

THO®I gian dong két phu thudc vao nhiét dé moi trudng va nhiét do bao dudng.

Time, h : min

Setting time of CEM II/B-V 32,5R depending on ambient temperature

1.

1. 1.4.7 Nhiét thay hoa



Nhiét do toa ra clia bé tong khi thay thé tro bay gidm khi ham lugng tro bay tang lén.
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Dinh nhiét va nhiét thay héa cua bé tdng giam, thdi gian dé dat dinh nhiét (Tmax) dugc kéo dai

e VGibé tdng dung 45% FA, nhiét thiy hda c6 thé giam 36%.

e Heat of Hydration: Nhiét thiy héa clia FA thap la do FA phan &rng pozzolanic chdm han va tao ra
lugng nhiét thap hon cement

e  FAnNhSém F c6 nhiét thdp han nhém C.
e Ham lugng CaO cang thap thi nhiét thiy hda cang thap

1.4.8 Anh hwéng dén tach nuéc



Tro bay lam giam ham lugng tach nudc trong bé tong.
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1. 1.4.9 D0 bén Chloride
Bé tong dung FA c6 do tham chloride giam, thoi gian cang dai thi hiéu qua chéng tham chloride cang cao.
Do thdm chloride gidm vdi su tang trong ham lugng FA

& cling ham lugng FA, nhém F cho dé thdm thdp hon so véi nhém C

4 \
== 0%Fly ash \

== 15% Fly ash
3| =t 30%Fly ash
=)= 50% Fly ash
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ASTM C1202 RCPT data
charge passed (coulombs)
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Table 7, RCPT Data for Cores Taken from

Concrete Pavements
Cementitious
content Age RCPT
Mix | Mix |kg/m’ (Iblyd”)| wiem | (years) | (coulombs)
A-1| 70% | 335(565) | NA 14 13
Class C
B-5| 50% | 350(590) | 0.26 8 217
Class C
C4| 19% | 350(590) | 0.29 8 566
Class C
D-2| 67% | 400(674) | 0.31 7 65
Class
E-3| 53% | 389(656) | 0.31 7 77
Class F
F-6| 35% | 416(701) | 0.31 8 155
Class F

WNak 2003)

1. 1.4.10 Anh hudng ASR-Alkali- Silica Reaction

Su khac biét ldn gilta FA nhém C va nhém F la kha nang gidm nguy co phan &ng kieém-silic va an
mon sulfate, trong dé FA nhdm F hiéu qua ro rét hon so véi nhom C

Tro bay nhém F lam giam nguy co gidn nd do phan (ng kiém-silic do 3 co ché:
o Tao cau tric dac chac hon
4. Gidm ham luong alkali trong hdn hop bé tdng do st dung it cement hon
4. Alkalies phan (rng vdi silic ctia FA thay vi vdi silic clia c6t liéu

FA nhom C it hiéu qua hon vi ham lugng Silic thap, ngoai ra nhdm C c6 thé c6 alkali cao, do d6 cén
danh gia can than trudce khi sir dung
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1. 1.4.10 Sulfate resistance

2. FA concrete cho thdy kha nang bén trong moi truding sulfate kha t6t, va cling thé hién tét
trong moéi trudng acid lactic/acetic

3. FAc6 3 coché dé caithién do bén sulfate:
= Tiéu thu Ca(OH)2 dé han ché& phan (ng clia Ca(OH)2 vdi sulfate
= Giam do thdm nén ngan chan sy tham cla sulfate tir bén ngoai
= Giam C3Atrong bé tong thong qua viéc giam ham lugng xi mang

e  FAnhdm Fté ra hitu hiéu trong viéc bén sulfate, nhu'ng nhém C hiéu qua kém hon, trong mot sé
trudng hop. FAnhém C lam tang tinh an mon sulfateSulfate

e Khad ndng bén sulfate ctua FA ty & nghich vdi ty [é Cao/Fe203

1. 1.4.11 Kha nang giam 16 tréng trong bé tong



® Fiyash

Co ché 14p ady g Fywh - | Co ché bdi tron hat xi mang () ComentAgyopstes

« Gidm nuéc yéuchy | © Comentaggregates _ —®
» Cai thién bé mat p
« Tang khé nang I4p ddy i

« Cai thién tinh cong tac
= Cai thién kha nang bom

e 1.5Téng két
Céac théng sé chat lwgng chinh
e DO min(Fineness); X6t sang — khéng danh gia dua trén Blaine (Filler effect)
e LOI (colour, AEA/freeze thaw, Anh hudng dén lugng nudc tiéu thu)
e SiO2 hoat tinh (d4nh gia kha nang phan &ng, dugc kich hoat bang qua trinh nghién)
o Free CaO/MgO (Anh hudng dén dé min)
e Alkalies (Hoat tinh cao nhung nhay ASR)
e Khai lugng thé tich (St ly, ligu lugng, kha nang van truyén)

1. Xi mang véi Tro bay loai F

e Nudcyéucau (%) = (1.0)xLOI+23.7

e DO chay (mm) = 259-3.9L0I

e Thdigian ning két (min) = 186.1 + 34.0 P,Os + 8.3 CaO

« Chis6keil2days (%) = 60.7-0.82R10pm-2.6 CaO

e Chisokeil28days (%) =  113.7 +0.15 Reactive silica—1.42 R10um

1. TrobayloaiC
Nudcyéucau (%) =  17.9+0.02 R10um +5.94 n-0.359 SO;
Thoi gian ninh két (min) = 277.0-155.0 K,O + 2.58 CaO + 40.55 P,0s

Chi s6 keil 2 days (%) = 106.9 + 3.32 Naeq— 28.9 P,Os - 2.61 Reactive CaO



Chisé keil 28 days (%) = 39.5 + 1.85 Reactive CaO + 13.7 SOs;

e 1.6 s6 yéu céu véitro bay nhu sau:

e Ham lugng pha thay tinh cao (> 80 %)

e Spherical particles (> 50 %)

e Ham lugng téng CaO (> 20%)

e Ham lugng Low CaO(free) (< 1 % or highly reactive)

e Low LOI (Europe: < 5%, US: <2%)

e High fineness (>3000cm2/g Blaine/ residue on 45Micro <10 %)

1. 1.7 Anh huéng dén cac tinh chat (Téng hop)

Fly ash Natural pozzolans
“ClassF ClassC  GGBF Silica  Calcined  Calcined Metakaolin
slag fume shale clay

Water requirements v v v ¥ ¥ 44 «> “«> 4
Workability 4 4 4 vy 4 4 v
Bleeding and segregation ‘ * t ; @ «> «> ¥
Air content ¥y ¥ ¥ v ¥ “«> “«> v
Heat of hydration v t v «> v ¥ ¥
Setting time 4 3 4 “«> 4 1 «>
Finishability 4 4 4 $ 4 4 4
Pumpability 4 4 4 4 0 4 4
Plastic shrinkage cracking <> «> > 4 > > « >

Sources: Thomas and Wilson (2002b); Kosmatka, Kerkhoff, and Panarese (2003)

Key:

Effect depends on prop of fly ash, including carbon content, alkali content, fineness, and other chemical
properties.

+ reduced

+ + significantly reduced

.

+ increased

¢+ ¢+ significantly increased
-+ no significant change

+ effectvaries

Source: Taylor et al, 2006

Table SE-1.03: Effects of SCMs on Hardened Concrete Properties

Fly ash Natural pozzolans
Class F Class C GGBF Silica Calcined Calcined  Metakaolin
slag fume shale clay

Early strength ¥ <> v 44 ¥ v 44
Long-term strength 4 4 4 44 4 4 A4
Permeability * * * + * * + * +
Chloride ingress v v v '/ ¥ v v ¥
ASR vy $ vy v v v v
Sulfate resistance TP t o 4 4 4 4
Freezing and thawing <> «> «> «> «> «> «>
Abrasion resistance «> > «> «> «> «> «>
Drying shrinkage “«> «> «> «> “«> «> «>
Sources: Thomas and Wilson (2002b); Kosmatka, Kerkoff, and Panarese (2003)
Key: ¢+ reduced

+ + significantly reduced

+ increased

¢ ¢ significantly increased
«= N0 significant change
s effectvaries

Source: Taylor et al, 2006



