BAI BAO KHOA HQC

NGHIEN CUU XAC PINH CO NGOT TU' SINH
CUA HO XI MANG RAT NON TUOI

Nguyén Vin Huéng'

Tém tat: Su thay doi thé tich ciia bé tong non tudi la két qua ciia mét qud trinh héa Iy phirc tap, né
thwong thé hién bang hién twong co ngét. Sw giam thé tich nay dwoc goi la co ngdt tw sinh, né lién
quan dén co ngdt héa hoc va sie thay doi néi cdu triic. Péi véi bé tong truyén thong vmg sudt do co
ngét thwong khong xem xét, nhung doi véi bé tong cé 1y 1é mede/ xi méang nhé hay sic dung mudi
silic thi g sudt co ngdt ndi sinh la ddng ké. Sw cdn tré- co ngét béi cot lidu hodc cdc két cau tiép
gidp c6 thé dan dén sw hinh thanh cdc vét nirt lam giam cwong do, dé bén va tinh tham my. Trong
thuee tién, gid tri do thuc 1é ciia co ngot ty sinh tuoi rat sém (24 gio dau) la khé dat dwoc boi sy kho
trong cdch do va thiéu tiéu chudan huéng dan. Nghién ciru nay hudng dén phdt trién mét thiét bi dé

xdc dinh cdc tri s6 co ngét tw sinh ngay khi hé xi mang dwoc nhao trén trong vong 24 gio dau.
T khéa: Bé tong, chat két dinh, co ngdt tu sinh, co ngét héa hoc, nut.

1. PAT VAN DPE

Su thay ddi thé tich cua bé tong non tudi la
két qua ctia mot qud trinh héa 1y phuc tap. Su
thay d6i thé tich nay thudong dugc xem 1a co ché
chinh dan dén sy nat cta bé tdng non tudi din
dén sy mét do bén cua cong trinh bé tong
(Mounanga et al. 2004). O thoi diém rat sém
(very early age) va trong sudt qud trinh ngung
két, hai yéu to quyét dinh truc tiép sy ngét cua
chét két dinh trong diéu kién kin hay khong trao
d6i am v6i moi truong 1a sy giam cua 16 rdng
mao dan va co ngét héa hoc (chemical
shrinkage). Nhin chung bé tong non tudi duoc
bao dudng nén cic hoat dong mao dan 1a khong
dang ké. Vi vay, co ngét héa hoc cua vt lidu xi
ming gép phan dang ké vao su thay doi thé tich
som cua bé tong (Yodsudjai and Wang 2013).

Co ngdét héa hoc dugce dinh nghia la sy gidm
thé tich tuyét dbi (absolute volume) cua hd xi
ming do sy thay d6i vé héa-1y xay ra trong sudt
qué trinh hydrat ctia xi mang (Hinh 1), cé nghia
la tong thé tich cta cdc pha long va rin sau
hydrat nho hon thé tich ban diu ctia xi mang va
nudc. Trong khi d6, co ngédt tu sinh (autogenous

! Khoa Xay dung Thity lpi — thiiy dién, Truong Dai hoc
Bdch Khoa — Pai hoc Pa Nang.

shrinkage) 1a sy giam thé tich biéu kién
(apparent volume) ciia hd xi ming trong subt
qua trinh hydrat (Bouasker et al. 2008). Sy khac
nhau gitta co ng6ét hda hoc va co ngét tu sinh
duoc minh hoa nhu ¢ Hinh 1.

Nude Co ngdt bidu kién
Tong 18 rong
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Trugc hvdrat

Sau hvdrat

Hinh 1. Co ngét biéu kién va co ngdt héa hoc

Nhin chung, co ngét tu sinh cua bé tong nho
hon so v6i ho xi ming bdi do sy ngin can cia
cdt liéu (Torrenti et al. 1988). Ddi voi bé tong
thuong thi co ngét tu sinh 12 twong ddi nho so
voi co ngét kho (drying shrinkage), do vay
thudng bi bé qua tuy nhién né van déng gép vao
gid tri co ngét sau ciing cua bé tong. DSi voi bé
tong c6 ty 1€ nude/ xi mang nhd, bé tong cudng
dd cao, dac biét 1a bé tong chira mudi silic
(silica fume) co ngét ty sinh 1a dang ké (Zhang
et al. 2003), (Aitcin et al. 1997), do d6 thong s6
nay can phai xem xét khi thiét ké bé tong.
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Nghién ctru nay tap trung thiét ké thiét bi va
phuong phdp do xdc dinh thé tich co ngét ndi
sinh mot cich tu ddng va lién ddi véi ho xi
ming (neat paste) rat non tuoi.

2. THIET KE THIET BI THI NGHIEM

Theo Justnes va cdc cong sy (Justnes et al.
2000), cho dén nam 2000 c6 ba phuong phap co
ban dé do co ngét héa hoc gom: gidn né ké
(dilatometry - Hinh 2b), phép do vong
(pycnometry - Hinh 2c¢) va do trong lugng
(gravimetry - Hinh 2a). Trong ba phuong phap
nay thi phuong phdp do co ngét héa hoc biang
gidn nd ké duoc sir dung rong rii nhat(Bouasker
et al. 2008). Hi¢n nay, ca phuong phap do gian
no ké va phuong phép do vong déu dugc néu
trong tiéu chuan ASTM C 1608, tuy nhién ca
hai phuong phap nay déu c6 nhuoc diém la qud
trinh do tha cong, gap kho khan khi thoi gian do
kéo dai va tan suat do day. Phuong phdp trong
luong duoc phit trién tir phuong phap do vong
(xdc dinh co ngét thong qua do khéi luong) tuy
nhién né dugc cai tién dé qué trinh thu sb liéu
dugc thuc hién mot ciach ty dong (Geiker and
Knudsen 1982), (Zhang et al. 2013).

Gravimetry

a—— Folta-D 08 1N ruetneesd corian
wpter vl

Hinh 2. Nguyén Iy cua cdc phwong phdp do co
ngot héa hoc (Bouasker et al. 2008)

Trong nghién ctru ndy, dé do co ngét ty sinh,
tac gia dya trén nguyén 1y ctia phuong phap do
co ngot héa hoc theo phuong phap do trong
lugng. Tuy nhién, thay vi mau do dugc dat truc
tiép vao binh chtra li€n théng véi nude (flash)

nhu & Hinh 2a tic gia dd cho mau do (hd xi
mang) vao bao cao su kin (latex membrane —
Hinh 3a). C6 thé dién ta ngén gon la viéc xéc
dinh co ngét tg sinh dya trén nguyén ly
Archimedes (sy co ngét lam giam luc dy ndi
do d6 1am ting khi luong cua bao su chita mau
dat trong nudc). So dd thiét ké thiét bi thi
nghiém dugc thé hién nhu & Hinh 3b. S liéu
khdi luong mau dit trong nude do duoc tir cin
(d0 chinh x4c 0.001g, c6 tich hgp bd thu thap dit
liéu (datalogger)) két ndi v6i mdy tinh thong
qua cong giao tiép RS-232; dé thu thap sb liéu
mot cch ty dong va lién lyc véi tin suét do thay
d6i theo yéu cau, tic gia da xay dung phan mém
trén nén ngdn ngir Visual Basic, giao dién cua
phan mém dugc mé ta nhu & Hinh 4. Thiét bi thi
nghiém trong nghién ctru nay dugc dat t€n goi l1a
ACS-DUT (Autogenous and Chemical Shrinkage
- Danang University of Science and Technology),
thiét bi ACS-DUT thyc té nhu ¢ Hinh 5.

a. Mau dwoc cho vao bao cao su

@

®: Mdy tinh,®: Data Logger, ®@: Cén dién
tir,®: cam bién do va diéu chinh nhiét do,®:
Hop kinh,®: Binh chtra nu6c; @: Mau do
b) So do thiét ké
Hinh 3. Sor do thiét ké thiét bi thi nghiém
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Test Method for Chemical Shrinkage and Volume Change of Hydraulic Cement Paste

Hinh 4. Giao dién phan mém thu thdp xir Iy
56 liéu cua thiét bi ACS-DUT

TEST METHOR 10 CAEMEAL SIS
10 VLI CAIBGE OF TURUILCCENENT PSTE

Hinh 5. Hinh dnh thuc té cia thiét bi ACS-DUT

3. CHUONG TRINH THi NGHIEM

3.1 Vit liéu

Xi ming ding dé nghién ctu 12 xi ming
pooc lang Kim Pinh PC40, tinh chét héa - ly
cua xi mang thi nghiém phu hgp v&i Tiéu
chuan Viét Nam vé Xi miang Poéc Liang — Yéu
cau Ky thuat TCVN 2682:2009, ASTM C150
(Type I) va EN 197-1:2000 (CEM 1 42.5N);
Nuéc ding dé tron tao hd xi mang 1a nudc thay
cuc thoa man yéu cau k¥ thuat theo Tiéu chuin
TCVN 4506:2012 - Nudc cho bé tong va vita —
Yéu cau ky thuat. Ngoai ra, nudc dung dé
ngdm mau trong qud trinh thi nghiém 1a loai
nudc cat phit hop véi Tiéu chuan TCVN 4851:
1989 (ISO 3696: 1987) — Nuéc diung dé phan
tich trong phong thi nghiém.

3.2 Thiét bi va dung cu thi nghi¢m

Céc thiét bi va dung cu thi nghiém chinh
gom: Thiét bi ACS-DUT nhu di thiét ké & Hinh
5; Thiét bi xéc dinh Iwgng nudc ti€u chuin
VICA Hinh 6. Ngoai ra con ¢6 cac dung cu khac
nhu: may tron vita dung tich 5 lit, can dién tr
VIBRA SHINKO va cic dung cu khac phu hop
véi tiéu chuan TCVN 6017-2015.

3.3 Miu thi nghi¢ém

Mau duge xdc dinh trén co s tao ra hd xi
mang dat do déo tiéu chuan. Qui trinh duoc thuc
hién theo TCVN 6017-2015 (ISO 9597-2008).
D6 lin kim tiéu chuanvéi ty 16 N/X=0.28, 0.29
va 0.30 tuong tng 12 18 mm, 9 mm va Smm, két
qua thi nghiém nay duogc biéu dién dudi dang d6
thi nhu & Hinh 6. Tt d0 thi nay xdc dinh duoc ty
16 N/Xdé c6 duge hd xi ming dat do déo tiéu
chuan (twong tng v&i d6 lin kim tiéu chuan 6 +
2mm) la 0.297. Clng theo TCVN 6017-2015
xdc dinh dwoc thoi diém bat dau va két thic
ngung két ctia hd xi mang véi N/X=0.297 tuong
ung la 1h55° va 3h05°.

20

[

1

=%
L

]

—_ = = =
4

=
L1

[ lin kime o shusin fimm)

23 S IZSI._“'I S 2I9 S 29I*".’9" I 30
T 1& Nwde i mang (%cl

Hinh 6. Két qua thi nghiém xdc dinh d¢ déo

tiéu chudn

3.4 Trinh tw thi nghiém xac dinh co ngét
tw sinh

- Tron méau: Quy trinh va cdc diéu kién tron
mau tudn theo tiéu chudn TCVN 6017-2015, véi
ty 1¢ gitra luong nudc/ xi mang 1a 0.297.

- Cho mau vio bao cao su: Pua mau vao bao
cao su bang phéu inox dwdng kinh 3.2cm, miu
duoc cho vao tir tir dé han ché bot khi bén trong
va tiép gidp giita hd xi mang va thanh bao cao
su, khdi lwong miu khoang 150g, mau sau khi
cho vao bao cao su nhu ¢ Hinh 3a. Két qua thi
nghiém s& giam d6 chinh xdc néu bao cao su
chtta mau hap thu nudc trong qud trinh thi
nghiém. Dé khic phuc diéu ndy, bao cao su rong
s€ dugc lam bao hoa (ngdm trong nudc) trong
24 gio truwde khi tién hanh thi nghiém.

- Can mau: can khi lwong miu hd xi méng.

- Thu thap sb liéu: Bao cao su chira miu
duogc treo vao gia can va ngdm vao trong nudc
(Hinh 5), chd cho mau nging giao dong (6n
dinh) trong khoang 5 phiit, qué trinh thu thap s6
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liéu bit dau. Viéc thu thip sé liéu duoc tién
hanh lién tuc sau mdi 5 phit va kéo dai 24 tiéng
(289 1an cin mau).

4. KET QUA VA BINH LUAN

Co ngét tu sinh dugc tinh todn dya trén su
khdc nhau giita thé tich biéu kién ctia ho xi
ming & thoi diém ban dau (V,) va thé tich biéu
kién cia hd xi ming ¢ thoi diém bat ky (V).
Thé tich biéu kién cua hd xi ming duoc xic
dinh gian tiép qua gid tri ghi nhan cta can:

- Khéi lugng can ghi nhan ¢ thoi diém ban
dau (mS® [:

m=m_-p.Vo (D)

- Khéi luong can ghi nhan ¢ thoi diém bat
ky (m§™

m=m - p.V, 2)

Tir (1) va (2), suy ra thé tich co ngét ty sinh
ctia 1 gam hd xi mang nhu sau:

Vu_vt _ mi'.- —m%

mm;u p mﬂ'IRII (3)
Vot

o Do _ 10000 g 4)
Mlmin I:'-"'n:léu

Voi:

mE' [g]: khdi luong tong cua hd xi mang va
bao cao su (gid tri nay khong doi);

M, [g]: khdi lwgng mau hd xi mang;

p= 107 [g/mm3 1: khéi lugng riéng ctia nudc
ngim mau.

Pé dam bao tinh 6n dinh cia két qua thi
nghiém, tic gia da tién hanh lap lai thi nghiém
ba 1an (ky hiéu mau cho ba lan do tuong ung la
M1, M2 va M3, véi khéi lugng mau hd xi mang
tuong ung la 149.52 g, 150.42 g va 145. 05g)
Két qua sy thay dbi khoi luong cua cdc mau
dugc can ghi nhan dugc mot cach ty dong va
lién tyc (mdi 5 phit mot 1an) trong 24 gio dau
nhu ¢ Hinh 7. Hinh 8 biéu dién gid tri tuyét dbi
tang khoi luong cia cdc mau & thoi diém do so
v6i thoi diém ban dau. Két qua xdc dinh gid tri
co ngét ty sinh cta ba lan do cua hd xi ming
xdc dinh theo Cong thuc (4) dugc thé hién nhu
& Hinh 9. Ngoai ra, & xem xét mdi lién hé gitra
co ngét tu sinh va thoi gian ngung két, thoi
diém bat dau va két thiic ngung két ciing duoc
biéu dién trén Hinh 9.
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Hinh 9. Két qua co ngot ty sinh cua cdc mau
theo thoi gian
Két qua ¢ Hinh 7, Hinh 8 va Hinh 9 cho théy:
Ho cic duong (khdi luong, thay doi khoi
luong va co ngét ty sinh) ctia miu hd xi ming
gan nhu dong dang v6i nhau. Didu nay cho thiy
viéc chuén bi mau cling nhu két qua thu dugc tur
thiét bi ACS-DUT 1a 6n dinh va phit hop véi
dién giai tir cong thuc (1) dén cong thuc (4).
Quad trinh dién bién ciia co ngét ndi sinh d6i
v6i mau hd ding trong nghién ciru nay c6 thé
phan 1am hai giai doan duoc phéan biét boi diém
gdy khiic tai thoi diém khoang 10 gio (Hinh 7 +
Hinh 9):
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- Giai doan dau (tir O gio dén 10 gid): co ngot
ndi sinh phat trién voi tdc d6 nhanh (thé hién
thong qua dudng biéu dién co ngét nodi sinh c6
d6 ddc 16n), gid tri co ngét ndi sinh trung binh
ctia ba 1an do 13.8 mm’/g (95% so véi cudi thoi
diém do). Két qua nay phtt hop véi ban chat cua
qué trinh hydrat ctia xi méang: cic phan ung thiy
héa ctia cdc thanh phan khodng cta xi ming
(G385, CsS, CsA va C4AF) xdy ra gay ra sy gidm
thé tich dong thoi trong thoi doan nay ho xi
ming con ¢ trang thai déo/ mém nén qué trinh
co ngdbt xay ra tu do.

- Giai doan sau (sau 10 gio dén két thiic thi
nghiém & 24 gio): toc do co ngdét nodi sinh giam
dot ngot (duong biéu dién su co ngét theo thoi
gian gan nhu nim ngang). Gid tri co ngét trung
binh ¢ thoi diém 24 gio 1a 14.5 mm3/g, chi tang
5% so voi cudi thoi diém cia giai doan dau. Két
qua ndy c6 thé giai thich: trong giai doan nay
céc san pham sinh ra do qu4 trinh hydrat (C-S-
H, C-H, C-A-H, ...) cua xi mang du dé tao nén
bd khung (skeleton) chiu luc chéng lai luc co
ngot, do d6 mac du qua trinh hydrat (cac phan
{mg thily) con tiép tuc xay ra nhung gid tri co
ng6t ndi sinh phat trién rat cham.

5. KET LUAN

Hién tuong co ngét ciia bé tdng non tudi la

TAI LIEU THAM KHAO

mot qué trinh hoéa 1y phtc tap, lam nut bé tong
va lam anh huong dén do bén ctia cong trinh.

Thiét bi do co ngot ndi sinh dugc phat trién
trong bai bdo nay dua trén nguyén 1y
Archimedes, do d6 d6 chinh xédc cua két qua do
co ngot tu sinh tuy thudc vao d6 chinh xic cua
can su dung va tic dong cia moi truong thi
nghiém (céc tic nhan anh huong dén gia tri cua
can do). Thiét bi ACS-DUT da thiét ké c6 tinh
dén cic yéu t6 nay nén két qua thi nghiém véi
tinh chinh xéc 1a chap nhan duoc.

Két qua thi nghiém trén hd cia xi ming
PC40 cho théy: Su dién bién cia co ngdbt tu sinh
theo thoi gian trong diéu kién kin (khong c6 sy
d6i doi do 4m véi moi trudng) cb lién hé truc
tiép v6i qua trinh hydrat cta xi mang (hay qué
trinh phat trién cuong do cua hd xi ming). Cu
thé, gi tri co ngét ndi sinh ting manh khi ho xi
ming & giai doan con & trang thdi déo/ mém,
theo thdi gian hd xi ming chuyén sang trang
thdi cimg do cdc san pham hydrat ciia xi ming
tao ra thi dién bién cua co ngét ty sinh cang
cham dan.

Thiét bi ACS-DUT s& c6 hiéu ich trong viéc
nghién ctru lra chon hdn hop chit két dinh (xi
mang + phu gia khodng + phu gia héa hoc) hop ly
nhdm giam co ngét ndi sinh cho cap phdi bé tong.
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Abstract:
RESEARCH DETERMINATION OF AUTOGENOUS SHRINKAGE
OF CEMENT PASTES AT VERY EARLY AGE

The early volume change of concrete is the result of a complex physico-chemical process, the
volume change of hydraulic cement paste is usually expressed by a shrinkage phenomena. This
volume reduction is called autogenous shrinkage, it is correlated to chemical shrinkage and
internal structural changes. For conventional concrete, autogenous shrinkage strain is generally
negligible, but in concrete with low water-cementitious materials ratio or with silica fume it may be
considerable. Restraint of the autogenous shringkage by aggregates or adjoining structural
members may result in formation of micro and macro cracks that impair strength, durability and
aesthetics. In practice, actual measurements of this early age (first 24 hours) shrinkage are rarely
obtained due to difficulty in measuring and lack of standardization. This work aimed at developing
a test apparatus to assess the autogenous shrinkage values occurring immediately after mixing the
paste and continuing for the first 24 hours.

Keywords: concrete, binder, autogenous shrinkage, chemical shrinkage, cracking.
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