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Toém tat: Bé tong cuong do cao, tinh ndng cao luén luon duoc san xudt voi ty 1é nudc/chdt két
dinh (WIB) trong khodng 0.2 dén 0.4, khi ma cét liéu thong thuong duoc si dung. PE ddam bdo ty 1é
WIB thdp va duy tri tot tinh cong tdc cua bé tong thi can thiét phai dung phu gia giam nudc
(HRWR). Khi dé thuong khong thé sdan xudt bé tong cé cuong do nén trén 80 MPa; dé tdang tinh ndng
va cuong do cua bé tong thi cdc phu gia khodng nhu Silica Fume, Fly Ash, Slag duoc sit dung la cdn
thiét. Tuy nhién khi bé tong cé ty 1é nudc/chdt két dinh (W/B) thdp thi khong tranh khoi co ngét do
sut thay doi thé tich gdy nén bdi hién tuong co kho, tu co, phdn ting héa hoc va su thay doi cia nhiét
do. Vi vdy bai viét nay thiét ké’ mot s6 cdp phoi bé tong cuong do cao, tinh ndng cao cé s dung phu
gia giam co ngot (SRA) voi muc dich gidm co ngot cho bé tong.

I. Téng quan:

Thiét k& thanh phan bé tong la su lua chon
thanh phan vat liéu thich hop (xi mang, phu gia,
cét, da, nudc) dam bao cuong do yéu cau va cac
tinh nang bén lau cla bé tong; mot vai nhan t6
quyét dinh nhitng dac tinh nay nhu sau:

- Chat luong xi mang.

- Thanh phan cta xi mang va cac vat liéu két
dinh khdc lién quan dén nudc trong hoén hop (ty
1¢ W/B).

- Cuong do va do sach ctia cot liéu (cat va da).

- Su tuong tdc va gin két gilta xi mang va cot
liéu.

- Thanh phan cdp phdi cua céc loai vat liéu
hop ly.

- Thoi gian tao hinh va lam chat bé tong tuoi
phai hop ly.

- Piéu kién bio dudng bé tong khong dudi
10°C trong khi bé tong phat trién cudng do.

- Ham lugng CaCl, khong vuot qua 0,15% trong
bé tong cot thép va 1% cho 16p bé tong bao vé.
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II. LUA CHON CUONG PO YEU CAU KHI
THIET KE THANH PHAN BE TONG:

Cuong do nén trung binh cla bé tong thi
nghiém nén vugt cuong do nén thiét ké da dua ra
dam bao mot su du trit cao, nham giam céc kha
nang cho nhiing thi nghiém c6 két qua thap hon
so vGi cuong do nén thiét k& yéu cau.

11.1. Dua vao kinh nghiém:

Cudng do yéu cdu trung binh nén 16n hon

. =1.+1.34s (MPa) (1)
., =0.90f, +2.33s (MPa) 2)
Trong d6:

. 512
s = (n, =1)(s,)" + (n, —1)(s,)

n +n,—2

f’. - Cuong do nén thiét k&

s - Do léch chuin ctia mau, psi

S,» S, - Do léch tiéu chuén cta dot kiém tra 1
va 2, psi

n,, 0, - S6 méu thi nghiém ctia méi dot kiém tra

Néu s6 miu kiém tra 15 < n < 30, gid tri s
trong cong thic (1) va (2) nhan véi hé s6 bién
ddi cho & bang sau:



Bdng 1-1: Hé s6 thay doi do léch chudn s khi
§6" mau thi nghiém nhd hon 30

S6 mau kiém tra Hé s6 thay doi
<15 Str dung bang 1-2
15 1.16
20 1.08
25 1.03
>30 1.00

Bdng 1-2: Cuong do trung binh yéu cau khi
s0'liéu thi nghiém khong du dé thiét lap do léch

chudn s (s6' mdu <15)

Cuong do thiét ké Cuong do yéu cau
. [psi (MPa)] .. [psi (MPa)]
<3000 (20.7) +1000 (6.9)
3000-5000 (20.7-34.5) +1200 (8.28)
>5000 (34.5) +1400 (9.66)

* 1000 psi = 6.9 MPa

Lay £’ 16n hon so véi tinh toan tir cong thiic
(1) va (2) dé thiét k& thanh phan bé tong

I1.2. Dua vao ty 1é co bdn cud cdc mé tron

trong phong:
- - % (MPa)-Miuhinhtry  (3)
o :% (MPa)-Mau hinh 13p phuong (4)

III. LUA CHON VAT LIEU:

1. Xi mdng va cdc loai vt liéu két dinh khdc:

Can xdc dinh loai xi mang; cuong do nén
trung binh cua xi mang; céc chi tiéu co ly: thoi
gian dong két, lugng nudc tiéu chuédn, khoi
lugng riéng, khai luong don vi....

Trong thanh phéan cua bé tong cuong do cao -
tinh nang cao, nhat thi€t phai c6 mot so vat licu
phu gia khoang nhu: silica fume, slag va fly ash
11121 B1 Nhitng loai vat liéu ndy cin biét duogc ty
1& cdc thanh phan oxyt va ham lugng nudc yéu
cu, khoi luong riéng, khoi lugng don vi.. ..

2. Cot liéu:

a- Cot liéu tho (da):

St dung cdc loai c6t liu dac chac, cing, i
thiéu bing cudong do ctia da xi mang: Khi cudong do
bé tong cao, cd cua cot liéu nén giam; gidi han c&
da khoang 3/4 in. (19 mm) véi cuong do bé tong
dat 9000 psi (62 MPa); v6i cudong do cao hon, giéi
han ¢& cua da nén st dung khoang 1/2 +3/8 in.
(12.7 + 9.5 mm). Ngoai pham vi 20000 + 30000 psi
(138 =+ 207 MPa), c& ctia d4 khong nén vuot 3/8 in.
(9.5 mm) trong cac két cau thanh phan.

b- Cot liéu min (cat)

Cat dung cho bé tong phai sach, khong lan
tap chat hitu co, bui, sét, bun. Cat c6 cap phoi
tot, c6 mo dun do 16n dat tir 2.5 + 3.2

3. Nudc:

Luong nudc yéu cau cua bé tong phu thuoc vao
do réng cua cat. Do rong cla cat co ban 1a 0,35 va
nén dugc diéu chinh cho cdc do rong khdc. Gia st
do rong cta cat 1a r,% dugc tinh todn nhu sau:

Yok
Va

Luong nuGc tron duge diéu chinh theo su
thay déi ctia do rong:

A (kg/m’) = 4.7(r, -35) (6)

4. Phu gia:

Hon hop bé tong cudng do cao can lugng
chat két dinh 16n, khi d6 lugng nudc dung yéu
cu s€ cao, nhung néu lugng nudc vuot qua giGi
han thi lai lam giam cudng d6 va anh hudng dén
tinh bén lau cta bé tong. Do vay phu gia giam
nudc bat buoc duoc ding trong bé tong cudng
do cao, tinh nang cao: phu gia giam nudc bac
cao (HRWR) dugc str dung.

Dé chong co ngét clia bé tong cudng do cao -
tinh nang cao, can pha thém phu gia giam co

r.% =11 - ]x100 5)

ng6t hoac phu gia nd véi ham luong phu hop.

IV. CAC BUGC THIET KE THANH PHAN HON
HOP BE TONG:

D¢ thiét k€ thanh phéan bé tong cudng do cao
- tinh nang cao, can thuc hién theo cac budc sau
day'™*

1. Lua chon do sut va cuong do yéu cau.
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2. Lua chon kich thudc 16n nhat cua cot liéu.

3. Lua chon luong c6t liéu tho (da).

4. Thiét lap lugng nudc va ham lugng khi
chia trong bé tong.

5. Lua chon ty 1é nude/xi mang (W/C) .

6. Tinh todn lugng xi mang can thiét.

7. Tinh toan lugng chat két dinh (xi mang +
phu gia khodng) cén thiét

8. Tinh ty 1¢ ctia hdn hop bé tong khi chua ké
phu gia.

9. Tinh ty 1é ctia hon hgp bé tong c6 ca phu gia.

10. Tién hanh trén mau thir cho mdi cap phoi
da thiét k& tir buGe 1 dén budc 9.

11. Diéu chinh thanh phan bé tong dé dat duoc
do Iuu dong yéu cAu bing cich diéu chinh cdc
thanh phan vat liéu va ham lugng phu gia HRWR.

12. Lua chon hén hop t6i wu nhat dat cuong
do yéu cau va cac yéu cau ky thuat khac.

V. AP DUNG TINH TOAN:

1. Yéu cau: Thiét k&€ cap phoi cho bé tong
cuong do cao - tinh nang cao (HS-HPC) c6
cudng do nén thét k& & tudi 28 ngay dat 40, 60,
80, 100 MPa; c6 kha nang chong co ngét cao.

Vat liéu dung trong tinh toan va thi nghiém c6
tai phong thi nghiém vat liéu cua Vién nghién
ctiu vat litu méi Jiangsu Bote New Materials -
BST - Trung Qudc c6 céc chi tiéu co ly nhu sau:

- Xi mdng:

+ Cudng do nén tai 7 ngay dat 49.7 MPa, 28
ngay: 60.1 MPa

+ Thoi gian dong két ban dau: 110 phut, cudi
cung: 210 phut

+ Khoéi lugng riéng: 3.15 (g/cm’)

- Phu gidg khodng: Gom silica fume, fly ash
va slag. Ty 1& % céc oxyt co ban nhu sau:

Bdng 1-3: Thanh phdn héa hoc va chi tiéu co Iy cua silica fume, fly ash va slag

Chi tiéu Silica fume Fly ash Slag
SiO, 93.15 54.75 34.60
ALO;, 0.97 29.87 15.11
Fe,O, 1.01 4.45 1.32
CaO 0.43 234 36.50
MgO 0.88 2.7 8.21
SO, 0.5 0.6 0.75
v, (gfem’) 2.20 2.39 2.78
Dién tich bé mat (Blaine) (m*/kg) 24000 452 820

- Dd dam:

+ Khai luong riéng: 2.76 (g/cm’)

+ Khéi luong don vi: 1.70 (g/cm’)

+ Do dm 0.5%

+ Duong kinh 16n nhit: 10 mm va 20 mm
+ Thanh phan cap phoi va do sach dat yéu ciu
- Cdt:

+ Khoéi luong riéng: 2.66 (g/cm’)

+ Khéi luong don vi: 1.65 (g/cm’)

+ Do dm: 1.5%

+ M6 dun do 16n: M,=2.92

+ Thanh phan cap phoi va do sach dat yéu cau
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- Nudc: Diung nuéc mdy sinh hoat dé tron bé
tong

- Cdc phu gia:

+ Phu gia giam nuéc (HRWR): Dung loai
JMSBT-PCA(])

+ Phu gia chéng co ngét: IMSBT-SRA

Tat cé céc loai phu gia nay déu duogc san xuat
tai Vién nghién ctu vat liéu méi - TP. Nam Kinh
- Trung Quoc (Jiangsu Bote Advanced Materials
- BST).

2. Két qud tinh todn thi nghiém cho cdc cdp
phoi bé tong:



Bdng 1-4: Thanh phan vdt liéu cho cdc cdp phoi bé tong

Vat liéu C40 C60 C80 C100
Fly Ash (kg/m’) 100 115 133 155
Silica Fume (kg/m?) 0 0 80 93
Slag (kg/m?) 100 115 0 0
Xi ming (kg/m®) 200 230 317 372
b4 (kg/m’) 1110 1365 1123 1150
Cat (kg/m’) 740 696.5 659.4 630
Nuéce (kg/m?) 160 147 138 136.4
HRWR (kg/m°) 2.80 5.52 9.54 15.5
JMSBT-SRA (kg/m?) 8.0 9.2 10.6 12.4

Bang 1-5: Két qud thi nghiém mot so chi tiéu ky thudt co ban cua bé tong tuoi

Chi tiéu C40 Co60 C80 C100
Cé6 Khong Co Khong Co6 Khong Cé6 Khong
SRA | c6SRA | SRA | c6SRA | SRA | ¢c6SRA | SRA | c6SRA
Yoo (&fem’) 227 | 238 | 235 | 242 | 243 | 246 |249 | 252
Do sut (cm) 22.0 214 21.2 20.5 16.8 15.5 14.8 14.2
Ham luong khi (%) 3.50 3.20 3.00 2.70 2.40 2.20 1.80 1.70
Bdng 1-6: Két qud thi nghiém cuong do nén bé tong
C40 C60 C80 C100
Ngay nén | C6 SRA | Khong | C6 SRA | Khong | C6 SRA | Khong | C6 SRA | Khong
c6 SRA c6 SRA c6 SRA c6 SRA
3 18.73 21.42 28.37 28.84 45.55 47.10 54.02 62.35
36.24 37.50 44.10 45.86 62.34 68.07 69.08 75.69
28 56.79 57.94 72.06 83.28 9449 | 101.32 | 99.05 106.49
90 68.62 71.93 75.67 87.15 96.68 103.55 100.18 112.26

* Dy dodn cuong do bé tong cho nhitng ngay tudi lén hon 28 ngay:
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Quan he f'c- t (C60: without SRA) Quan he f'c- t (C60: with SRA)
= 100 g%
£ 9 - S 80
= & U = 70 . *
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VL. KET LUAN: cuong do tang cham va cd gia tri thap hon so véi

+ Khi bé tong sir dung phu gia giam co ngét
(SRA) thi tinh nang cua bé tong tuoi: do sut va
do ham khi ting hon so v6i bé tong khong c6
SRA, con khoi luong don vi thap hon.

+ Khi st dung phu gia giam nuéc (HRWR:
JMSBT-PCA(I)), tinh cong tdc cua bé tong rat
cao, do sut cua bé tong dat tir 14 cm (C100) dén
22 cm (C40) ma bé tong thong thuong véi ty 1é
W/B thap (W/B = 0.22 + 0.40) khong thé dat
duogc do sut do.

+ V6i bé tong tinh ndng cao ¢ pha thém phu
gia khoang (silica fume, slag, fly ash) thi thoi
gian ddu cudng do phét trién cham hon so véi bé
tong thuong (do luogng xi mang giam di va thay
bang phu gia khodng), sau tang nhanh va dat
cuong do rat cao. Tuy nhién, khi bé tong cé phu
gia giam co ngdt (SRA) thi thoi gian dau cuong
do bé tong tang nhanh hon , nhung giai doan sau
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bé tong khong c6 SRA.

Do d6 vé6i HS-HPC c6 ty 1¢ W/B thdp thi phu
gia khoang (silica fume, slag, fly ash) va
HRWR la can thiét trong thiét k& thanh phan
cép phoi. Tuy nhién ham lugng phu gia khoang
nhu th€ nao 1a t6i wu nhat s& duoc dé cap & cic
nghién ctu ti€p theo.

+ Tur cdc du doan cudng do bé tong & cac tudi
16n hon 28 ngay c6 hé s6 hoi quy R*>>0.9, dam
bao do tin cay cho du doan két qua cuong do bé
tong. Qua dé ta c6 thé tinh todn tiét kiém duogc
vat lieu st dung mot ciach hiéu qua nhat ma van
dam bao cuong do thiét k&€ yéu cau.

+ Ngoai ra, tinh bén, tinh co ngét clia bé tong
cuong do cao - tinh nang cao, bién phap giam co
ngo6t va cac tinh nang k¥ thuat c6 lién quan dén
co ngot sé duge dé cap 6 bai viét sau.
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Abstract:
PROPORTION OF HIGH STRENGTH, HIGH PERFORMANCE CONCRETE
WITH CAPABILITY TO REDUCE SHRINKAGE

High strength, high performance concrete mixtures are usually produced with water/binder
(WIB) ratios in the range of 0.2 + 0.4, where normal density aggregates are used. To achieve this
low WIB ratio and maintain proper workability it is necessary to use water reducing admixtures.
Often this is not sufficient to produce very high strength concrete mixes with compressive strength
above 80 MPa and therefore, it is necessary to add mineral admixtures such as silica fume, fly ash,
and slag are used in order to increase the high performance of concrete. However, when concrete
have low water to binder ratio the shrinkage don’t avoid because the volume changes occur in
concrete as a result of drying, self-desiccation, chemical reactions, and temperature change. For
this reason, in this report some mixes of HS-HPC are designed with shrinkage reducing admixture
(SRA) to aim reducing shrinkage of concrete.

Keyword: High strength (HS), high performance concrete (HPC), silica fume (SF), fly ash (FA),
slag, shrinkage reducing admixture (SRA)
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