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Tém tit: Bé tong tinh ning cao (HPC) c6 nhimng tinh ning vuot trdi vé cudng do va tinh bén so voi bé
tong thudong. Cac hdn hop bé tong tinh ning cao ludn ludn duge san xuét voi cac ty 16 nude/chat két
dinh thap trong khoang 0.2 dén 0.4 va c6 su két hop cao véi cac thanh phan hoat tinh pozzolan nhu
silica fume (SF), fly ash (FA) va slag. Do d6 né khong thé tranh khoi sy thay doi thé tich trong bé tong
boi hién tuong co khd, tu co, phan tmg hoa hoc va sy thay ddi nhiét do. Bién dang co ngét 1a mot tinh
chat thudng xuyén xay ra dbi v6i bé tong hién truong va ran nut do co ngét, dac biét 1a ran nit som
trong bé tong tinh nang cao tré thanh hién twgng néi com can duoc xem xét. Bai bao da danh gia co
ng6t ban dau ciia bé tong tinh ning cao cho hai ty 1& nudc/chit két dinh (W/B = 0.22 va 0.40) bang
cach sir dung thi nghiém vong bi kiém ché.

1 Dit van dé

Vit lidu két dinh thay ddi thé tich 1a do sy thay doi d6 4m, thay ddi nhiét do va phan img hoa hoc, d6
14 két qua ciia hién tugng tu co, co khd va gidn nd nhiét. Khi nhitng sy thay doi thé tich nay bi kiém ché boi
cac két cAu xung quanh cong trinh, tmg suat du c6 thé s& phat trién bén trong vt lidu. Néu g suét du nay
vuot qua cudong do khang nirt ciia bé tong, ran nit c¢6 thé xuat hién. Nhidu nim qua, cac k¥ su da ¢b ging
tim kiém nhitng phuong phap danh gia don gian ma nhay bén va sat v6i cac hdn hop bé tong da co dé danh
gia ran nit cho bé tong. Phuong phap ASTM C157-04" thuong dung dé xac dinh co ngét tu do cia bé
tong, ma co ngot tu do cua bé tong thi khong du dé du doan khi nao ran néit xuit hién. Hon nita, kha nang
gdy nén ran niit ciia bé tong co lién quan dén mot vai nhan t6, nhu: d6 16n co ngdt tir do, te do co ngdt, md
dun dan hoi, do bi kiém ché, tir bién va d6 bén durt gdy cua bé tong (Weiss et al., 2000)2.

Mot vai cac nha nghién ctru da phét trién cac quy trinh thi nghiém dé dy doan anh hudng cia cac
tinh chat vat liéu dén kha ning co ngét ran nit ctia bé tong (Swamy and Stavrides, 1979; Carlson and
Reading, 1998; Weigrink et al., 1996)** . Nhitng quy trinh thi nghiém nay di danh gia ing suit du phat
trién trong bé tong khi co ngdt cua bé tong bi kiém ché. Vi du cac thi nghiém danh gi bang cach sir dung
vong kiém chA “restrained ring test” (Grzybowski and Shah, 1990; Hossain and Weiss, 2004)!* "\, thi
nghiém tuyén tinh thy dong kiém ché (Springenschmidt et al., 1985; Weiss et al., 1998)** va thi nghiém
tuyén tinh chu dong kiém ché (Kovler, 1994; Toma et al., 1999; Altoubat and Lange, 2002)“0’ 1. 12].

Thi nghiém vong kiém ché gn day da trd thanh mot phuong phap phd bién dé danh gia co ngét ran
nut cua bé tong (Krause et al., 1995; AASHTO PP 34-89; Shah et al., 1992; Grzybowski 1989a; Lim et al.,
1999)!%- 141516171 "Thi nghiém bao gdm mot vong rdng bé tong dugc diic quanh mot vong thép. Khi vong
bé tong kho, do bé tong bi co ngdt nén vong bé tong day vong thép bi co vao. Vong thép kiém ché lai co
ng6t clia bé tong va gay nén g suét kéo phat trién trong bé tong. Néu tmg suat nay du 16n, ran nit c6 thé
s& xudt hién trong bé tong.

Su phat trién tmg suat dur va ran nit trong vong bé tong bi kiém ché phu thudc vao diéu kién co khod
cta bé tong. Ung sudt trong tuong vong day voi diéu kién co kho dang hudng dat gia tri 16n nhat tai vi tri
ban kinh trong va tmg suit 1 ham s ciia r° (Dally and Riley, 1991)!"8 ,, trong khi vong bé tong co kho tur bé
mit ngoai vong (khong dang hudéng) cho thiy rang tmg sudt du 16n nhét & tai diém ngoai ciing ctia vong bé
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tong (Weiss and Shah, 2001)!"). Sy khac nhau nay 14 rat quan trong cho viée xuét hién vét nirt, su phat trién
va lan truyen vét niit. Thi nghiém dung sy buirc xa &m thanh cho thdy ring, trong truong hop co kho dang
hudng, vét nirt bit dau xuét hién tai noi tiép giap gitra vong bé tong va vong thép (chu vi bén trong cua
vong bé tong), trong khi do6 trong cac mau vong bé tong co kho tr bé mit ngoai ctia vong thi vét nut bat
du tir ria ngoai va phat trién truyén vao phia trung tam (Kim and Weiss, 2003; Hossain and Weiss,
2005)* 2! Vi vay phuong phap phén tich can duoc mo ta trudng tmg suat cho sy md phong kha niang pha
hoai trong vong bé tong. Bai bao nay tip trung vao viéc danh gia su phat trién g suét trong vong bé tong
co kho dang hudng (co kho tir trén va dudi ciia mau vong) va bi kiém ché boi vong thép, chi sir dung cac
gia tri bién dang trong vong thép dé tinh toan tmg suat du trong bé tong, va lién tuc quan sat bién dang phat
trién trong vong thép tir sau khi dac m?lu dam bao vi€c co xét tdi cac anh hudng cua hién tugng tu co ngot
va co kho. Tir két qua do c6 thé cung cap thong tin dé danh gia kha nang bi ran nit va thoi gian bi ran nit
ban du trong cac mau vong bé tong bi kiém ché.

2 Ung suit du phit trién trong miu vong bé tong voi dicu kién co kho ding hwéng

Weiss and Shah, 2002%%); Hossain and Weiss, 2003a**! dé nghi ring cac vong bé tong cho phép
co kho tir trén va dudi cua mau. Nhu thé d6 am mat di tr thanh déng huéng doc theo ban kinh cua cac
mau vong bé tong. Do d6 phan tich va tinh toan ng suét du phat trién trong mau vong bé tong bj kiém
ché 1a do sy co ngot kho theo hudng ban kinh cua mau vong.

Su kiém ché tir vong thép c6 thé duge mo phong biang cach chia tach vong thép va vong bé tong,
dung phuong phap co ngot thich hop (“shrink-fit”). Vong bé tong cho phép co mdt d6 16n AUgy dugce
can bang vadi do co tao ra boi su co ngét kho va tu co ciia bé tong (drying shrinkage va autogenous
shrmkage) Khi bé tong co kho sé& tao ra mot ap luc tac dung vao bé mat ngoai cua vong thep, ap luc
nay can bang véi ap luc tic dung vao bé mit bén trong ciia vong bé tong, nhung nguogc chiéu. Ap lyc
duoc diéu chinh t6i khi vong thép bi nén mdt gid tri AUg va vong bé tong bi kéo gian 18 AU oncrete dé
bt lai cho phan co ngdét nhu thé hién trong hinh 1 dudi day.

(@ ()
Hinh 1 Mo phong hinh hoc hién tugng co ngot trong mau vong bé tong
(a) Trudce khi bé tong xuat hién co ngot; (b) Di chuyén su ki€ém ché va cho phép bé tong co ngot

Dally va Riley (1991)"® cung cap cach giai quyet cho sy dich chuyén doc theo ban kinh cua
vong tru réng chiu 4p lyc bén ngoai dang hudng co thé dung dé mo ta vong thép. Khi bién dang huéng
vong trong vong thép co thé dugc tinh toan tach roi boi cac ban kinh cua vong thép (Weiss et al.
2000)[2] ap luc du thuc té tai bé mat (PResiauar) duoc tinh toan nhu 1a ap luc yéu cau gy nén bién dang
ma cén bang véi bién dang do dugc trong vong thép va dugc thé hién ¢ cong thirc 1 (Weiss et al. 2000
and Weiss and Furgeson 2001)1**],

R’0s —R’is )
2R%0s

trong do: sea(t) la bién dang trong thép c6 thé nhan dugc bang viée sir dung déu do bién dang dugc

gin vao bé mat trong cua vong thép sur dung hé théng may thu nhén dir liéu (data acquisition system);

E, 1a m6 dun dan hdi cua thép; Ros va Rys trong tng 14 ban kinh ngoai va trong ctia vong thép.

Ap lyc @6 tac dung 1én vong thép va lién quan t6i p luc bén trong tic dung 1én vong bé tong,
két qua 1a sy phan bd g suét trong vong bé tong c6 thé dwoc xac dinh theo cong thir 2 (Hossain and
Weiss, 2003a; Timoshenko and Goodier, 1987)[23’ 2,

presidual (t) = 'gsteel(t) . ES .
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R 2 R 2 R 2 _R 2 R 2
Go(r) = Presidual- — - —| I+ SC = (1) = -Egteal(t).Es. 205 215 1+ 2oc @)
R70oc —R"os r 2(R*oc — R?0s) .

trong do: Roc va Ryc tuong tng 1a ban kinh ngoai va trong cia vong bé tong.
3 Xiac dinh sy phat trién ciia ing suét dw va ran nit trong cac miu vong bi kiém ché
3.1 Vit liéu dung trong thi nghiém

3.1.1. Xi mang

Xi mang Poocling san xuét tir nha may Jiangnan - Nam Kinh - Trung Qudc. Cudng d6 nén xac dinh
theo tiéu chuan GB/T 17671-1999% dat tai 7 ngay va 28 ngay tuong tng 1a 49.7 MPa va 60.1 MPa.
Thanh phan héa hoc va vat 1y ciia xi ming duoc thé hién ¢ bang 1.

Bing 1 Thanh phan héa hoc va vt 1y cila xi ming

Khoi s
Ky . A . , o Dién tich
nida Thanh phan hoa hoc chinh, (%) h.r?ng be mit
; riéng
Si0, ALO;  CaO  MgO Fe,O; SO;  Loss (e/em’) (m’/kg)
C 20.60 5.03 64.11 1.46 4.38 1.72 1.18 3.15 450

3.1.2. Phu gia khodng . .
Phu gia khoang dugc sir dung cho hon hop bé tong bao gom Silica fume (SF), Fly ash (FA), and
Slag. Thanh phan héa hoc va vat ly cia phu gia khoang dugc thé hién ¢ bang 2.

Bing 2 Thanh phan hoa hoc va vat 1y ctia Silica fume, Fly ash, and Slag

Pai lugng Silica fume Fly ash Slag
Si0, (%) 93.15 49.39 33.12
ALOs (%) 0.97 33.36 11.80

Fe,0; (%) 1.01 4.92 1.17

CaO (%) 0.43 4.13 34.95

MgO (%) 0.88 0.85 10.75

SO; (%) 0.5 1.96 0.69

Loss (%) 1.50 2.49 1.23

Khoi lwong riéng (g/em’) 2.10 2.20 2.89
Dién tich bé mdt (m’/kg) 24000 615 439

3.1.3. Cot ligu min (cdt) ‘ , 7

Cat tu nhién co cap phoi tot, do sach dat yéu cau; cac tinh chat cua cat dugce thé hién ¢ bang 3 dudi day:
Bang 3 Cac tinh chit cua cat

Khoi lugng riéng (g/em’)  Khoi lugng don vi (g/cm’) b6 am (%) M6 dun d6 lon
2.66 1.65 1.5 2.92

3.1.4 Cot liéu tho (dd) .

ba dam nghién duge dung trong thi nghiém bao gom: 60% da ¢ (10-20) mm va 40% da cd (5-10)
mm; cac tinh chat cia da dugc thé hién & bang 4.

Bing 4 Cac tinh chét cta d4
Khi lugng riéng (g/cm’) Khoi lugng don vi (g/cm’) Do am (%)
2.76 1.70 0.50
3.1.5. Phu gia hod hoc
Phu gia gidam nudc bac cao (high-range water-reducing admixture, HRWR) ky hi¢u PCA (I) duoc
dung cho tAt ca cac mau thi nghiém; cac tinh chit cia HRWR duoc thé hién & bang 5.

Biang 5 Cac tinh chat cia phu gia giam nudc

Tén Thanh phan chinh Mau Khoi lugng riéng (g/cm’)
PCA (I) Poly-naphthalene Dark brown 1.04
sulfonates
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Tt ca cac loai vét liéu va phu gia dung cho thi nghiém déu dugc cung cip tai phong thi nghiém cua
Vién nghién ciru Vit liéu méi, thanh pho Nam Kinh, tinh Giang T6 - Trung Quoc (Jiangsu Bote
Advanced Materials - SBT).

3.2. Phwong phap va két qua thi nghiém miu bé tong

Céc mau thi nghiém dugc thyuc hién véi hai ty 18 nuce/chat két dinh: W/B = 0.22 va 0.40. Ba loai phu
gia khodng dugc dung trong thi nghiém nhu sau: 15% SF, 25% FA cho méau W/B = 0.22 va 25% FA, 25%
Slag cho mau W/B = 0.40. Thanh phan hdn hop bé tong duoc thé hién & bang 6.

Bing 6 Thanh phan hdn hop bé tong

W/B FA SF Slag Xi mang ba dam Cat Nudce HRWR
(kg/m’)  (kg/m’) (kg/m’)  (kg/m’) (kg/m®) (kg/m®) (kg/m®) (kg/m®)

0.40 100 0 100 200 1110 740 160 2.80

0.22 155 93 0 372 1150 630 136.4 15.5

3.3 Két qua thi nghlem trong cic miu vong

Trong phan nay nghién cru anh hudng cua chiéu day vong thép va tuong bé tong dén mg suat
du trong cac mau vong bi kiém ché trong diéu kién bé tong co kho tur trén va dudi cua mau vong. Bién
dang phat trién trong vong thép dugc xac dinh bang may do, ing suat du khang nit Ién nhat duge tinh
toan tir cong thtr 2, tir d6 thoi gian mau vong bé tong bi nurt s& duoc xac dinh.

Céc thong s6 chidu day vong thép va vong bé tong cho céac thi nghiém duoc thé hién & bang 7.
Hinh v& biéu hién mau vong bé tong dugc thé hién trén hinh 2.

Bing 7 Kich thudc chidu day vong thép va tuong bé tong cho céc trudng hop tinh todn

To 1 Tb 2
Chiéu day thép (mm) 6 19 30 19 19 19
Chiéu day bé tong (mm) 75 75 75 37.5 75 112.5
CoruTete specimen Steelring

ps 410 L 19y T3y Sealed

TR AT AT T e
o i T i
- 263 -
00 mm

450 mm

Conurete specimen Steelring

Formwork
Wooden base

Hinh 2 Kich thuéc hinh hoc ctia cac mau vong bé tong

Trong tat ca cac truong hop tinh toan, cac miu vong bé tong c6 kich thudc duong kinh trong 1a 300
mm va chiéu cao 75 mm. Trong t6 1, kich thudc tuong bé tong c¢b dinh day 75 mm, con cac chiéu day
tudng thép thay doi (6 mm, 19 mm, va 30 mm, twong tmg). Trong t6 2, kich thudc twong thép cb dinh day
19 mm, con cic chidu day tuong bé tong thay 6[01 (37.5 mm, 75 mm, va 112.5 mm, twong tng).
Két qua tinh toan sy phat trién tmg suét trong bé tong clia cac miu vong bi kiém ché dugc thé
hién & hinh 3 (t6 1) va hinh 4 (t6 2).
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= 54 2 5
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8 2
& 44 £ 4
3 3
2 2
14 14
04 . 0%  _+ 6mm steel thickness
—e— 6mm steel thickness —a 19 teel thick
-1 —=— 19 mm steel thickness -1 mm stee _'C ness
) —a— 30mm steel thickness ” —&— 30mm steel thickness
0 2 4 6 8 10 12 14 16 0 5 1 15 20 25 30
Time (days) Time (days)
(a) W/B = 0.22 (b) W/B = 0.40
Hinh 3 Ung suat phat trién trong cdc mau vong bi kiém ché (t6 1)
s 6 g
o o
g 5 2 54 [‘4’““‘4
[ 123
8 8
= 44 5 44
2] 7]
31 31
2 A 21
14 1
04 e FEAIIY 0+
—e— 37.5 mm concrete thickness —e— 37.5 mm concrete thickness
14 —=— 75 mm concrete thickness -1 A —=—75mm concrete thickness
—4— 112.5 mm concrete thickness —a— 112.5 mm concrete thickness
-2 2
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Time (days) Time (days)
(a) W/B =0.22 (b) W/B = 0.40

Hinh 4 Ung suét phat trién trong cac mau vong bj kiém ché (t6 2)

Khi tmg suét trong bé tong giam mot cach dot bién (co thé giam t6i 0), tai thoi diém do bat diu xuat
hién vet nut trong bé tong. Qua do xac dinh dugc thoi gian bat dau xuat hién vét nit cho cac mau vong bé
tong (ke tir khi duc mau dén khi bat dau xuat hién vet nirt). Két qua cho ¢ bang 8 va hinh v€ 5 dudi day:

Bing 8 Thoi gian bat ddu xuit hién vét nit trong cac miu vong bé tong bi kiém ché, (ngay)

To 1 TH 2
Chiéu day thép (mm) 6 19 30 19 19 19
Chiéu day bé tong (mm) 75 75 75 37.5 75 112.5
Thoi gian xuat hién vét nit 12.0 8.0 5.4 3.4 8.0 9.8
(ngay) (W/B =0.22)
Thoi gian xuat hién vét nit 22.5 12.6 7.1 7.1 12.6 16.0
(ngay) (W/B = 0.40)

T
\ \ e !
30mm ‘ o WB =0.40 g s i aWB =0.40
g 0WB =022 £ O WB =0.22
3 | \ 2
8 <
2 <
> 6 | I 3 &30
5§ 19mm 2 750mm (AL
4 E<)
: | | £
)
2 g
3 | | 3
< k3
5 e 2 DEc
1125 mm ALY
| | |

0 5 10 15 20 25 0 2 4 6 8 10 12 14 16 18
Thoi gian xuét hién nut (ngay) Thoi gian xudt hién nut (ngay)
A A
(2) T6 1 (b) Té 2

Hinh 5 Thoi gian xuat hién vét niit trong cdc mau vong bé tong bi kiém ché, (ngay)
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4 Két luan

Véi cung kich thude tuong bé tong, nhitng miu vong c6 chiéu day vong thép day hon sé& co do
kiém ché cao hon va din dén ap luc tiép giap giita bé mat bé tong va thép cao hon; ing suit phat trién
trong bé tong s& cao hon va bé tong s& bi ran nit sém hon. Trong trudng hop cing chidu day vong
thép chi ra réng nhitng mau vong bé tong day hon, ran nirt xuét hién mudn hon.

Tir két qua cho O bang 8 va hinh v& 3, 4 nhén thay rang, nhiing | méu bé tong co ty 16 W/B nho, vét
nirt xudt hién sém hon rat nhiéu va viing phat trién cta cac vét nirt gan bé mat trong cta vong bé tong.

Tir két qua bién dang trung binh cua vong thép do duge bang cac dau do bién dang (strain
gages) va may thu nhan dir liéu (data requisition system), chung ta c6 thé sir dung lam két qua dau vao
dé mé phong mau vong theo phuong phap phan tr hitu han (finite element modeling) phéan tich ran nat
ctia bé tong trong cac mau vong bi kiém ché.

Ngoai ra, v6i két qua du doan ran nurt trong bé tong ciia cac mau vong bi kiém ché, chung ta
c6 thé ap dung cho cac cong trinh bé téng thyuc té va két ndi véi phan mém sir dung phén tich theo
phuong phap phan tir hitu han (ANSYS) dé két qua danh gia ran nut cia bé tong duoc chinh xac hon,
nhanh chéng va don gian hon.
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ASSESS EARLY-AGE CRACKING OF HIGH PERFORMANCE
CONCRETE USING THE RESTRAINED RING TEST

Abstract: High performance concrete (HPC) has specific performance advantages over conventional
concrete in strength and durability. HPC mixtures are always produced with water/binder (W/B) ratios
in the range of 0.2 - 0.4, and incorporate with highly-active pozzolans such as silica fume (SF), fly ash
(FA), and slag; so it cannot avoid the volume changes occur in concrete as a result of drying, self-
desiccation, chemical reactions, and temperature change. Shrinkage deformation is always one of the
frequent properties in the research field-concrete and the crack phenomenon due to shrinkage has
become prominent nowadays in the HPC engineering, particularly early-age cracking is considered.
This paper assessed early-age cracking of HPC for two mixtures (W/B = 0.22 and 0.40) by using the
restrained ring test.

Keywords: High performance concrete (HPC); shrinkage; early-age cracking, restrained ring test.



