CAC YEU T0 ANH HUONG BEN CO NGOT VA MOT SO PHUONG PHAP
DU BOAN CO NGOT CUA BE TONG TiNH NANG CAO (HPC)

NGUYEN QUANG PHU

NCS Trung Qudc - BM Vt liéu Xay dung - PHTL

Tom tat: Dé giam bot su hu hdng ciia cdc cong trinh bé tong, bé tong tinh ndang cao (HPC) da
dvoc st dung mot cdach rong rdi, ddc biét trong cdc cong trinh thuy loi - thity dién, cdu va cong trinh
ven bién do tinh bén cuia né la rdt trién vong. Tuy nhién, vdan dé chita dung su ran niit cao do sém bi
co ngot cao, ty 1é N/ICM thdp va tinh gion ctia bé tong tinh ndang cao. Vi thé, tuy HPC dem lai cuong
do nén cao va tinh thdm thdp, nhung mot phdn khong tranh khoi hién tuong co ngét, tiv dé bé tong
c6 thé bi ran nit, lam gidm tudi tho ciia cong trinh bé tong. Dé cdi thién vdn dé nay, bai viét budc
dau nghién ciiu vé cdc yéu té dnh huong dén do co ngdt va mot sé phuong phdp du dodn co ngét cua

bé tong tinh ndng cao.

I. PINH NGHIA:

Co ng6t bé tong: La do giam thé tich cha bé
tong theo thoi gian. P9 giam dé dugc bat nguén
tlr su thay déi do 4m chia trong bé tong va su
thay doi tinh chit co 1y trong bé tong ma khong
chiu mdt tdc dong nao tir bén ngoai.

Co ngo6t clia bé tong c6 may dang co ban sau:

+ Hién tuogng tu co (Autogenous shrinkage):
xay ra do qua trinh hydrat héa cta xi mang

+ Co kho (Drying shrinkage): xay ra do su
thi€u hut do 4m trong bé tong trong qu4 trinh bé
tong cung hoa.

+ Co ngdt do qua trinh cacbonat (Carbonation
shrinkage): xdy ra do mot vai san phdm clia qua
trinh hydrat héa tac dung véi CO,.

1. CAC YEU TO ANH HUONG DEN CO NGOT
CUA HPC

1. Cot liéu: Cot lieu (nhit 1a cot lieu 16n: da)
c6 tac dung han ché€ dugc co ngoét cua vira xi
mang, do d6 bé tong chita ham luong cot liéu
16n s& it bi co ngdt hon.

Pickett [1] tinh toan su co ngét cia HPC tur su
co ngoét cua vita Xi mang, ham luong cot liéu,
tinh chat cta c6t liéu va vita nhu sau:

§=5,(1-9" (1-1a)

log(S”j:a.log( ! ] (1-1b)
S 1-g

Trong do6:

S: Chiéu dai co ngét cuia bé tong
S,: Chiéu dai co ngét cua vita xi mang

g: Thé tich clia c6t liéu trén mot don vi thé

tich hén hop bé tong
a: Hang s6 dac trung cho dnh huong ctia cot liéu
a= M=) (1-2)

E_(t
I+ u+2.(0-2.u,). é()

Trong do6:

p: He s6 Poisson ctia bé tong

u,: Hé so Poisson cua cot liéu

E,(t): Anh huéng ciia modun dan héi cia bé tong

E,: Modun dan hoi cta cot liéu

Qua d6 cho ta thay: khi cot liéu c6 modun dan
hoi 16n hodc c¢6 bé mat tho rap s& han ché dugc
qua trinh co ngét cia HPC. Hinh 1-1, 1-2 dud6i day
cho thdy anh hudng cia modun dan hoi va ham
luong ctia cot liéu dén co ngdt cuia bé tong.

Modulus of elasticity (1081b/in.2)
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Hinh 1-1. Anh hudng médun dan héi ciia cot
liéu dén co ngot ciia bé tong [2]
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Hinh 1-2.  Anh hudng ciia ham liong cot
liéu dén co kho ciia bé tong [2]

2. Ham luong nudc: Ham luong nuéc trong
bé tong cang cao, hién tuong co ngoét cang cao.
Hinh 1-3 cho thdy méi lién hé giita co ngdt cua
bé tong v6i ham lugng cot liéu va ty 1&é N/X

1600 ¢~

1200 Aggregate content

/ by volume percent

8C0

Shrinkage (uin./in.)

400 - 80

¢] 1 | ] | J
0.3 0.4 0.5 0.8 a7 0.8

Hinh 1-3. Anh hiidng cia ty 1é NIX va ham
luong cot liéu dén co ngor cua bé tong [3]

3. Kich thuéc ciia bé tong: Toc dd va tong
do 16n co ngot cta bé tong giam khi kich thude
bé tong tang 1én. Tuy nhién, khoang thoi gian co
ngét clia bé tong cé thé kéo dai hon thoi gian
can dé lam kho phin bé tong phia trong: 1 naim
c6 thé 1am kho mot do sau 25 cm, 10 niam — 60 cm
tinh tir mat ngoai bé tong. Vi vay véi két cau bé
tong 16n hon thi hién tuong co kho van tiép tuc
dugc kéo dai theo thoi gian.

4. Diéu kién moi truong xung quanh: Do
4m cla moi trudng xung quanh anh hudng rat
16n dén co ngdt cua bé tong: toc dO co ngdt
giam khi do 4m moi trudng cao. Ngoai ra nhiét
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d6 moi truong ciing anh huong dén co ngdt cua
bé tong: nhiét do thap, co ngdt giam. Néu bé
tong sau khi tao hinh (sau khoang 24+4h) dugc
bao dudng trong moi truong nudc mot thoi gian
thi hién tugng co ngdt s€ giam so véi trong moi
truong khong khi binh thudng.

5. Ham luong cot thép trong bé tong: Bé
tong cot thép it co ngét hon bé tong khong co
cot thép. Tuy nhién trong bé tong cot thép, ham
lugng cot thép 1a mot ham s6 cia co ngot.

6. Phu gia: Cic loai phu gia ting nhanh qud
trinh dong két cta xi mang trong bé tong (vi du
CaCl,) s€ lam cho co ngét tang 1én. Phu gia cudn
khi (air entrained admixture) it nhiéu ciing anh
hudng dén co ngdt cua bé tong.

7. Loai xi mang: Xi mang dong két nhanh, xi
mang c6 ham luong C,A cao s€ lam cho bé tong
co ng6t nhi€u hon so véi cdc loai xi mang khéc.

III. MOT SO DU POAN KHA NANG CO NGOT
CUA BE TONG TINH NANG CAO (HPC)

1. Phuong phdp Sakata’s - SAK: DO co ngbt
ctia HPC duoc tinh theo cong thic sau:
&gt —1,)

B+t-t,)

Trong d6:

&g DO co ngdt clia bé tong

t: Tudi clia bé tong (ngay)

t,: Tudi clia bé tong tai thoi di€ém bat ddu kho
(ngay)

‘c’shOO =

8sh(t’to) = (1_3)

a(l—h).w 1

1+t
1+ 150exp{— SjOO} o

[
c

Co ngdt cuodi cung cta bé tong

o: Hé s6 phu thudc vao loai xi mang,

o = 10 dai véi xi mang thuong,

o = 8 doi v6i xi mang cham dong két

h: Do 4m

w: Ham lugng nudc (kg/m’)

f.”: Cudng do nén clia bé tong & tudi 28 ngay
(MPa)



n = (15 . exp(0.007.£") + 0.25 . w) x 10
%

4w.,|—
_ S

100+0.74,
V: Thé tich ciia miu (mm°)
S: Dién tich bé mat mau (mm?)
2. Phuong phap AASHTO-LRFD duoc Shams
va Kahn sua doi (2000):
Do co ngét cua HPC duge tinh theo cong
thic sau:
0.5
E(tt) = €40. K, . Ky . Ky - {H} (1-4)
SH-t,)
Trong do6:
€40 - Co ngdt cudi cling clia bé tong,
€400 = 510pe khi bao dudng bé tong trong nudc,
€g0 = 560ue khi bao dudng bé tong trong
4000

moi trudng khi 4m
=5 At,. —|—————13.65|;":
Z‘ ‘ eXp{ {273+T(Ati)/TD }
s6 ngay tudi clia bé tong sau n ngay doc gid tri.
_ = 4000 1.
b= At.expi—| —————————13.65|}*
2.4 eXP{ {273+T(Ati)/Tu }
s6 ngay tudi cha bé tong ké tir lic dic miu
cho t6i khi bé tong bt dau co kho.
At;: Khoang thoi gian (ngay) tai nhiét do:
T(At) (°C) (°C=0.556 x °F — 17.778)
T,=1°C

t
kvs_ 26.exp(0.0142.V/S) +1 [1.80+1.77.exp(—o.0216.V/ S)]

t 2.587
45+1¢

Heé s6 phu thudc vao kich thudc ctia mau.
V: Thé tich ctia mau (mm?)

S: Dién tich bé mat mau (mm?)

ky;: Hé s6 phu thudc vao do 4m xung quanh,
k,; =2.00 — 1.43.h khi h < 0.80

ky; =4.29 —4.29.h khi h > 0.80

h: Do 4m

k,=0.67. exp _ 42 :
9.45+1¢,

Heé s6 tai thoi diém bat ddu bé tong bi co kho

f =23 ngay

3. Phuong phdp ACI 209R-92:

Co ng6t clia bé tong sau 7 ngay bao dudng
trong moi trudng khong khi 4m:

— (&,
35+t( sh)u

Co ngot cua bé tong sau 1-3 ngay bao dudng

(&) = (1-5)

trong nudc:

t
(&) = E(‘%h ) (1-6)

Trong do:

(g, Co ngdt clia bé tong tai t ngay

(g,),: Co ngot cudi cung cua bé tong

(€4), =780 . v, . 10° (m/m)

Y., - Hé s0 hiéu chinh, phu thudc vao loai bé tong

t: thoi gian co ng6t clia bé tong (ngay)

Nhdn xét:

Trong 3 phuong phdp néu trén thi phuong
phap ACI 209R-92 la don gian nhit, nhung né
chua dé cap hét dugc cdc yéu t6 anh hudng dén
do co ngot cua bé tong va cong thic tinh todn
moi chi xét tGi qua trinh bao dudng bé tong véi
mot s6 ngay han ché. Tuy nhién, thuc t€ bé tong
c6 thé cé nhiéu phuong phdp bdo dudng khic
nhau va qué trinh bao dudng c6 thé kéo dai hon.
Trong khi d6, phuong phéap 1 va 2 da dé cap day
du t6i cac yéu t6 anh hudng dén do co ngdt cua
bé tong, nhu: thoi gian bdo dudng, do 4m xung
quanh, qua trinh bao dudng, lugng nudc chua
trong bé tong, loai xi mang, cuong do bé tong,
kich thuéc mau thi nghiém....
phuong phap nay tinh todn cho két qua gan véi

Vi vay hai

thuc € hon. Tuy nhién dé danh gid mot cdch
khdch quan, cin phai dic mau thi nghiém dé
kiém chitng do chinh x4c cta cdc phuong phdp
n6i trén. Véan dé nay sé dugc dé cap trong nhitng
bai bdo tiép theo véi nhitng cip phoi HPC cu thé
va diéu kién dic miu, bao dudng mau, thi
nghiém mau ro rang.
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Abstract:

THE FACTORS INFLUENCE ON SHRINKAGE
AND SOME METHODS TO PREDICT SHRINKAGE OF HPC

To alleviate the deterioration of concrete structures, high performance concrete (HPC) is
extensively used, particularly for hydraulic and hydro-power, bridge and marine works, due to its
favorable durability characteristics. However, there is a problem with the high cracking tendency of
HPC due to its high early shrinkage, low water-cementitious ratio and brittleness. Thus, the HPC
advantages of high compressive strength and low permeability are somewhat offset by shrinkage
cause cracking, which reduce the service life of concrete structures. To improve this problem, the
first goal of this paper is to research some influences on shrinkage and some models to predict
shrinkage of HPC.

Keyword: shrinkage: co ngét, aggregate: c6t liéu, modulus of elasticity: modun dan hoéi, high
performance concrete: bé tong tinh nang cao
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