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Tom tat: Gan day su du dodn ddc tinh co hoc cua bé tong dua vao cdc tinh chdt ciia né rdt duoc
quan tam. Trong cdc nghién ciu gan ddy, moi su c6 gdng déu dua ra cdc cong thiic thuc nghiém du
dodn moé dun dan hoi cua bé tong cuong do cao, tinh ndng cao dua trén mot sé ddc diém da biét cua
hoén hop bé tong (ham luong phu gia khodng, cot liéu, ty 1é nudc/chdt két dinh....). Dé du dodn mo
dun dan hoi cua bé tong cuong do cao, tinh nang cao dva vao cuong do nén ciia bé tong va nghién
ctiu dnh huong ciia phu gia giam co ngét dén mo dun dan hoi thi hai ty 1é nudc/chdt két dinh (WICM
= 0.22 va 0.40) va bon ty 1é phu gia giam co ngét (0%, 1%, 2% va 4%) duoc lua chon cho thi
nghiém. Cdc mdu thi nghiém duoc diic, bdo dudng va kiém tra sau 7 va 28 ngay dé xdc dinh mé dun
dan hoi va cuong do nén. Do tin cdy ciia cong thicc du dodn dé duogc kiém tra voi cdc so liéu thi
nghiém doc ldp va so sanh voi cdc cong thiic dw dodan da co.

L TONG QUAN

Moi tuong quan gitta m6 dun dan hoi cua bé
tong va dic diém cdc thanh phén clia né da dugc
quan tam tir lau doi véi cac k§ su va cac nha
nghién cttu'". DA ¢6 nhiéu nghién cttu dua ra cdc
cong thic thuc nghiém dé du dodn mo dun dan
hoi dua trén cdc thanh phan vat liéu (ty 1é
nuGe/chat két dinh, ham luong phu gia khoang,
loai cot liéu va ham lugng cot liéu trong bé
tong....) va cac dac tinh co 1y ctia bé tong, nhu
Vién bé tong My (ACI)™ *', Hiép hoi bé tong
Canada (CSA)™, Tiéu chudn chau Au cho thiét
ké bé tong cong trinh (CEB)", Hiép hoi bé tong
Nauy (NSA) va mot s6 cong thiic ctia cac nha
nghién ctu' dugc dién dat qua céc cong thic
sau:

Cong thiic cua Vién bé tong My (ACI)

ACI 318M-95:

E.=4700, 1", (I-1
ACI 363 & Martinez:
1.5
w
E. =(3320,/ 1" + 6900). £ 1-2
O )

1. Khoa V dt liéu Xay dung, truong Dai hoc H6 Hai, TP. Nam
Kinh, Trung Quoc

2. NCS Trung Qudc - Bo mon Vit liéu Xdy dung - Khoa Cong
trinh - Dai hoc Thity loi, Viét Nam

3. Vién nghién ciu Vdt liéu, Tinh Giang To, TP. Nam Kinh,
Trung Quoc

Cong thiic cuia Hiép hoi bé tong Canada (CSA)
CSA A23.3:
1.5
1-3
T

E, = (3300,//". +6900). [2;”6

Cong thiic ciia Tiéu chudn chau Au (CEB)

CEB-FIP-90:

E. = 10000(f’, + 8)*** (1-4)

Cong thiic cua Hiép hoi bé téong Nauy (NSA)
va tdc gid Smeplas

1.5
E, = 9500£,0%, | e
2400

(1-5)

Trong do6:

f’.: Cuong do nén clia bé tong (MPa)

E.: M6 dun dan hoi (MPa)

w,: Khoi lugng don vi chia bé tong (kg/m’)

I1. POI TUONG NGHIEN CUU

Du dodn mo6 dun dan héi clia bé tong cudng
do cao, tinh nang cao dua vao dac tinh co hoc la
cuong do nén cua bé tong cb xét t6i anh hudng
clia phu gia giam co ngét cho hai ty 1& nudc/chat
két dinh (W/CM = 0.22 va 0.40) va bon ty I¢
phu gia giam co ngét (0%, 1%, 2% va 4%). S6
liéu thi nghiém duoc kiém tra tai thoi diém 7 va
28 ngay tudi. Cong thitc du doan dugc kiém tra
so sanh v6i mot s6 cong thic di c6 & trén dé
danh gid do chinh x4c.
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III. VAT LIEU VA PHUONG PHAP THI
NGHIEM

II1.1. Vat liéu:

Vat liéu dung trong tinh toan va thi nghiém c6
tai phong thi nghiém vat liéu cua Vién nghién
ctu vat litu méi Jiangsu Bote Advanced
Materials - BST - Trung Qudc. Céc chi tiéu co 1y
ctia vat liéu nhu sau:

1. Xi mdng:

+ Cuong 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 luong riéng: 3.15 (g/cm’)

2. Phu gia khodng: Gom silica fume, fly ash
va slag. Ty 1& % céac oxyt co ban cua phu gia
khodng nhu trong bang 3-1

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

Chi tiéu Silica | Fly ash | Slag
fume

SiO, 93.15 54.75 34.60
ALO, 0.97 29.87 15.11
Fe,0, 1.01 445 | 1.32

CaO 0.43 23.4 36.50
MgO 0.88 2.7 8.21

SO, 0.5 0.6 0.75

7, (g/cm?) 2.20 2.39 2.78
Dién tich bé mat | 24000 452 820

(Blaine) (m°/kg)
3. Pa dam:

+ Khéi lugng riéng: 2.76 (g/cm’)

+ Khéi luong don vi: 1.70 (g/cm’)

+ Do dm: 0.5%

+ Puong kinh 16n nhat: 10 mm va 20 mm
+ Thanh phan cap phéi va do sach dat yéu cau
4. Cat:

+ Khai luong riéng: 2.66 (g/cm’)

+ Khoéi luong don vi: 1.65 (g/cm?)

+ Do am: 1.5%

+ Mo dun do 16n: M,=2.92

+ Thanh phan cap phoi va do sach dat yéu ciu
5. Nudc: Ding nu6e mdy sinh hoat dé tron bé tong
6. Cdc phu gia:
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+ Phu gia giam nuéc (HRWR): Dung loai
JMSBT-PCA(I)

+ Phu gia chéng co ngét: IMSBT-SRA

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

H1.2. Phuong phdp thi nghiém:

Thiét k& thanh phan bé tong cudng do cao -
tinh nang cao cho hai ty 1& nuéc/chat két dinh la:
W/CM = 0.22 va 0.40

Thay déi ham luong phu gia gidm co ngot
(SRA) véi céc ty 1¢ twong tng 12 0%, 1%, 2% va
4% so v6i ham luong chat két dinh (xi mang +
phu gia khoang) cho tiing cap phoi bé tong. Xac
dinh khoi luong don vi ctia bé tong tuoi cho cac
cip phoi bé tong tuong tng.

Pic mau kich thuée (10x10x10) cm dé kiém
tra cuong do nén, kich thude (10x10x30) cm dé
kiém tra mo dun dan héi. Mau dugc thdo khuon
sau 24 gio va bao dudng trong di€u kién moi
truong tiéu chudn. Kiém tra cic miu thi nghiém
sau 7 va 28 ngay tudi.

IV. Két qua thi nghiém

K&t qua thiét k& thanh phan bé tong dugc thé
hién & bang 4-1, két qua khoi lugng don vi cta
bé tong tuoi & bang 4-2, cuong d6 nén cla bé
tong cho cdc ngay tudi & bang 4-3 vd mo dun
dan hoi cuia bé tong & bang 4-4.

Bdng 4-1: Thanh phdn vt liéu cho cdc cdp
phoi bé tong

Vat liéu W/CM W/CM
=0.40 =0.22
Fly Ash (kg/m’) 100 155
Silica Fume 0 93
(kg/m?)
Slag (kg/m’) 100 0
Xi mang 200 372
(kg/m?)
bi (kg/m’) 1110 1150
Cat (kg/m?) 740 630
Nuéc (kg/m?) 160 136.4
HRWR (kg/m’) 2.80 15.5




Bdng 4-2: Két qud thi nghiém khoi luong don vi ciia bé tong tuoi

Chi tiéu W/CM = 0.40 W/ICM =0.22
0% SRA 1% SRA |2% SRA (4% SRA | 0% SRA | 1% SRA |2% SRA |4% SRA
Yo (g/cm’) 238 | 237 | 227 | 215 | 252 | 252 | 249 | 245
Bdng 4-3: Két qud thi nghiém cuong do nén bé tong
Ngay nén WICM = 0.40 WICM = 0.22
0% SRA | 1% SRA | 2% SRA | 4% SRA | 0% SRA | 1% SRA | 2% SRA | 4% SRA
7 3750 | 36.75 | 36.24 | 31.69 | 75.69 | 74.54 | 69.08 | 57.69
28 57.94 | 56.90 | 56.79 | 52.31 | 106.49 | 99.85 | 99.05 | 88.45
Bdng 4-4: Két qud thi nghiém moé dun dan hoi cua bé tong
Ngay nén WICM = 0.40 WICM = 0.22
0% SRA | 1% SRA | 2% SRA | 4% SRA | 0% SRA | 1% SRA | 2% SRA | 4% SRA
7 35.82 | 35.51 | 34.06 | 31.26 | 46.60 | 46.48 | 46.00 | 40.62
28 41.85 | 41.75 | 40.22 | 38.69 | 49.71 | 48.98 | 48.20 | 48.08

V. DU POAN MO PUN PAN HOI CUA BE
TONG VA PANH GIA PO TIN CAY CUA CONG
THUC THUC NGHIEM

V.1. Du dodn mé dun dan hoi ciia bé tong

Dua vao cuong do nén clia bé tong dé du dodn
mo dun dan hoi, két qua cia moi quan hé gitta mo
dun dan héi va cudong do nén cua cidc miu thi
nghiém c6 quan hé hoi quy, quan hé dé duoc thé

hién & cong thic 5-1. Pudng cong biéu dién quan
hé d6 dugc thé hién & hinh 5-1 duéi day.
E. =8.7652f """ | R*=0.9476 (5-1)
Trong do6:

E. : m6 dun dan hoi (GPa)

f’, : cuong do nén (MPa)
R? : hé s6 hoi quy

| « experimental —— Power (experimenta|)| E, = 8.7652f, 0379
R® = 0.9476
£ 60
e
o 50
- ® = ]
30 s
20
10
0 : : . . .
0 20 40 60 80 100 120
fc (MPa)
Hinh 5-1: Quan hé giiia médun dan hoi va cuong do nén cua bé tong
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V.2. Ddnh gid doé tin cdy cua cong thiic thuc
nghiém

Dé danh gia do tin cay cua cong thiic da du
doéan, bai bao st dung mot s6 két qua nghién
cttu doc lap ctia mot s6 nha nghién ciu dé kiém
tra sai sO gitta gid tri thi nghiém va cac két qua
tinh theo cic cong thic thuc nghiém. Qua dé

cho thdly cong thic du dodn (5-1) c6 sai s6 ¢6
thé chap nhan dugc va ciing nim trong pham vi
sai sO clia cac cong thuc thuc nghiém da c6, dam
bao do tin cay cho du dodn mo dun dan hoi cua
bé tong cuong do cao, tinh nang cao. Két qua
ddnh gid sai s6 dugc thé hién trong bang 5-1
dudi day.

Bang 5-1: Ddnh gid do tin cdy ciia cong thiic du dodn va cdc cong thitc thuc nghiém da cé

Ec (GPa) / Sai 50 (%)
Dit liéu fre 1 Ee o du

; (MPa) | (GPa) dodn CT (1-1) | CT(1-2) | CT (I-5) | CT (1-4) | CT (1-3)

Larrard & Belloc [1] 90.90 | 52.10 | 48.49 44.81 38.95 36.29 45.54 39.53
(-6.93) | (-13.99) | (-25.24) | (-30.34) | (-12.59) | (-24.13)

Iravani 1996 [6] 120.00 | 58.80 | 53.88 51.49 39.65 35.79 49.59 40.24
(-8.37) | (-12.44) | (-32.56) | (-39.14) | (-15.67) | (-31.56)

Iravani 1996 [6] 66.00 | 42.00 | 42.95 38.18 34.22 32.97 41.39 34.74
(2.25) (-9.09) | (-18.53) | (-21.50) | (-1.46) | (-17.30)

Khayat et al. 1995 [8] 85.00 | 45.50 | 47.27 43.33 36.29 34.07 44.63 36.84
(3.89) (-4.77) | (20.23) | (25.12) | (-1.92) | (-19.04)

Giaacio et al.1992 [12] 77.50 | 48.50 | 45.64 41.38 33.11 31.39 43.41 33.61
(-5.89) | (-14.69) | (-31.73) | (-35.29) | (-10.50) | (-30.71)

Giaacio et al.1992 [12] 87.00 | 46.50 | 47.69 43.84 40.68 38.09 44.94 41.28
(2.56) (-5.72) | (-12.53) | (-18.09) | (-3.35) | (-11.22)

Giaacio et al.1992 [12] 5820 | 39.00 | 40.94 35.86 34.62 33.76 39.89 35.14
(4.99) (-8.06) | (-11.24) | (-13.44) | (2.29) (-9.89)

Baalbaki et al.1992 [13] 100.00 | 51.00 | 50.28 47.00 43.07 39.71 46.88 43.72
(-1.42) | (-7.84) | (-15.54) | (-22.13) | (-8.07) | (-14.28)

Aitcin&Mehta. 1990 [14] | 97.30 | 47.90 | 49.76 46.36 42.59 39.39 46.49 43.23
(3.88) (-321) | (-11.09) | (-17.77) | (-2.93) (-9.76)

Larrard & Belloc [1] 109.50 | 52.60 | 52.04 49.18 43.49 39.67 4821 44.13
(-1.07) | (-6.50) | (-17.32) | (-24.57) | (-8.35) | (-16.10)

* CT: Cong thiic

VI Két luan

+ Khi bé tong cuong do cao, tinh nang cao c6
phu gia giam co ngét (SRA) thi ca cuong do nén
va mo dun dan héi déu giam khi ham lugng
SRA tang lén. Tuy nhién anh hudng ciia SRA
dén mo dun dan hdi ciing khong nhiéu; so véi
mau khong ¢6 phu gia giam co ngét, moé dun
dan hoéi giam tir 3 dén 8%; trong khi d6 cuodng
do nén clia bé tong giam tr 10 dé€n 18%. Vi vay
khi pha phu gia giam co ngét (SRA) nham muc
dich giam co ngét cho bé tong cuong do cao,

Tai liéu tham Khao

tinh nang cao thi can quan tam dén véan dé nay.

+ Quan hé gitta mo6 dun dan hoi va cuong do
nén clia bé tong cé thé duoc dién dat bodi cong
thitc (5-1) v6i do tin cay cho phép.

+ Dé du dodn mot ciach chinh xdc hon mo
dun dan hoi cua bé tong cuong do cao, tinh
nang cao; can thi€t phai thi nghiém hang loat
cac ty 1& nudc/chat két dinh khiac nhau cung
véi cac loai vat liéu khac nhau, tir d6 c6 xét t6i
cac y€u t6 anh huong cua vat liéu d€n mo dun
dan hoi.
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Abstract:
PREDICTION OF THE MODULUS OF ELASTICITY
OF HIGH STRENGTH, HIGH PERFORMANCE CONCRETE CONTAINING
SHRINKAGE REDUCING ADMIXTURE

Recently, the prediction of the mechanical characteristics of concrete according to its
components’ properties has been great interest. In the current study, attempts have been made to
some experimental models to predict the modulus of elasticity of high strength - high performance
concrete (HS-HPC) based on some known characteristics of the concrete mix (the percentage of
mineral admixtures, aggregate, and water to cementitiuos materials ratios ...). To predict the
modulus of elasticity of HS-HPC based on the compressive strength and research the influence of
shrinkage reducing admixture on modulus of elasticity, two of water to cementitiuos materials
ratios (WICM = 0.22 and 0.40) and four percentage of shrinkage reducing admixture (0%, 1%, 2%
and 4%) were selected. The specimens were cast, cured and tested after 7 and 28 days to determine
the modulus of elasticity and compressive strength. The credibility of model was verified using some
independent experimental data and comparison of the predicted model with some experimental
models from the literature.

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