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Danh gia kha nang xuat hién vét nirt do rng suat nhiét
trong két cau bé tong khoi 16n ¢ tudt sém
Tang Vian Lam™* , Vi Kim Dién!, Ngb Xuan Hung!, Pang Vin Phi?, Boris Bulgakov!

'Pai hoe Xdy dung Quéc gia Mat-co-va, Nga
’Truong Dai hoc M6 - Dai chat

TOM TAT

Nhitng nam gan ddy, nhiéu két cau bé tong cdt thép toan khdi, véi kich thudce 16n, da duge xay dung &
cac d6 thi Viét Nam. Tuy nhién, hu hong va nirt né cta két cau khéi 16n gay ra do ung suét nhiét, xay ra
khi xi mang thuy hoa, ngay cang tré nén pho bién va anh hudng 16n dén do bén va do tin cay cia chang.
Bai b4o nay di st dung tiéu chudn ACI 211.1-02 dé xéc dinh thanh phén cia bé tong ning va phan mém
Midas Civil d xé4c dinh dugc ché d nhiét va ung sudt nhiét, tr d6 danh gia kha nang hinh thanh vét nut
trong khdi mong bé tong ¢ do tudi som.

Str dung chuong trinh Midas Civil da xac dinh duoc nhiét do ti da tai tam cua khéi moéng bé tong nghién
ctru 1a 73,04°C sau 72 gid ké tir khi bit dau tron nguyén liéu véi nude. Pong thoi, da xac dinh dugc chénh
léch nhiét d6 giita diém tai tim khdi mong (nat 97) va cac diém trén bé mat khdi mong d6 (nut 141 va 98)
lan luot 1a 33,04°C va 34,1°C. Bén canh d6, tai cac nut 141 va 98 & mit ngoai ctia khdi bé tong nay sau
khi d6 30 gio, ung suat kéo do nhiét thity hoa ctia xi mang dé 16n hon cudng d6 keo cua bé tong, dan dén
sw hinh thanh vét nit trén cac bé mat. Vi vay, dé kiém soat va ngin nglra vét niit phat trién, can phai co
céc bién phép bao dudng thich hop cac bé mit ciia khdi méng trong qua trinh hdn hop bé téng dong rin.

Tir khoa: Bé tong nang; cuong do kéo; nut do nhiét; ché do nhiét; ung sudt nhiét.

1. Pit véin dé

Trong nhimg nim gan day, két ciu bé tong va bé tong cdt thép toan khéi dang duoc sit dung rat phd
bién trong x4y dung cic toda nha cao ting, siéu cao ting, céu nhip 16n trén bién, cac cong trinh ngadm dudi
sau va nhiéu cong trinh khac & Viét Nam bdi nhiing vu diém vuot troi cia nd so voi cac vat lidu khac.
Tuy nhién, trong cic két cau khdi 16n thi thanh phin d4 xi ming trong c4u trac c6 xu hudng co lai do qua
trinh xi méng thiy hoa va hdn hop bé tong mat nudc ty do. Vi vay, tai ving tiép giap cia d4 xi ming va
¢bt liéu 16n thuong xudt hién cac vét nit vi co ng6t khong déu (Tang Van Lam et al., 2018; Ngo Xuan
Hung, Tang Van Lam et al., 2018). Ngoai ra do két cdu kich thudc 16n nén trong qua trlnh bé tong déng
ran nhiét luong giai phong do su thiy hoa cuia xi mang v6i nude & cac tudi som, rit kho dé truyén tir cic
16p bé tong phia trong khdi méng ra bén ngoai, dan dén co sy chénh 1éch nhiét do 16n gitra khu vuc trung
tam va cic bé mit bén ngoai ciia khdi bé tong (Shengxing Wu et al., 2011; Cui W. et al., 2015). Khi gia
tri cua chénh 1€ch nhiét nay la dang ké s& hinh thanh céc ung sult kéo do sy xudt hién dot ngot cla
Gradient nhiét d6 cao, va két qua la vét nirt s& xuét hién tai tAm hodc trén cac bé mat cta két cau, 1am
giam cuong d6 va do bén cua cac cong trinh (Wu 'Y, Luna R, 2001; Adrian M, Lawrence, 2009).

Do do, viée kiém soat ché d6 nhiét va trang thai tmg sudt nhiét 14 rat quan trong dé danh gia xac suét
xut hién cac vét nit trong khéi bé tong & cac tudi som (Kjellman O, Olofsson J., 1999; Zhu Bofang,
2014). Tuy nhién, viéc t6 chirc kiém soat nhur véy trong thyc té thuong rat kho khan, dac biét 1a trong cac
céu trac co kich thude 16m, chéng han nhu cac phin ngim cua toa nha siu cao ting, nén mong cua nhitng
cdy cAu co nhip 16n ... (Nguyen Trong Chuc et al., 2018, Tang Van Lam et al., 2018; Kopylov V.D. et al.
2012).

Trong nghién ciru nay, clp phél s0 b cia bé tong duoc xdc dinh theo tiéu chuin ACI 211.1-02 va st
dung phan mém Midas Civil de xéc dinh duge ché do nhiét, nhiét 6 t01 da va ung sudt do nhiét, dé tir do
danh gia kha ning hinh thanh vét nut trong khéi méng bé téng & cac tudi som ngay.

2. Vat liéu va phwong phap nghién ciru
1.1. Vit li¢u sir dung
Trong nghién ctru nay da st dung cac loai vat li¢u nhu sau:

*Tac gia lién hé
Email: lamvantang@gmail.com
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- Xi ming Portland (X) PC 40 Tam Diép v6i khdi lugng riéng 1a 3,12 g/em?® va nhiét do nhiét téi da
phat sinh trong qué trinh hydrat hda cta loai xi mang 1a 209 kJ/kg.

- Cét vang cta song L6 (C) voi md dun do 16n My = 2,85, khdi lugng riéng 2,67 g/em?, khdi lugng thé
tich trung binh & trang thai dam chat 1650 kg/m?® va thanh phin hat cta cat thoa min yéu cau theo TCVN
7572:2006.

- D4 dam duoc nghién d4 Bazan (D) véi Dmex=20 mm, khéi luong riéng 2,66 g/cm?, khdi luong thé
tich trung binh & trang thai dim chit 1650 kg/m?>.

- Nuéc tron hdn hop bé tong (N) 1a nwdc may sinh hoat.

1.2. Phwong phdp nghién ciru ‘

- CAp phoi so bé ciia hdn hop bé tong duge xac dinh theo tiéu chuan ACI 211.1-02 (MF).

- Tinh cOng tac cua hdp hgp bé tong dugc xac dinh thong qua dg sut ctia con hinh noén cut, phu hop véi
tiéu chuan GOST 10181-2014 (Nga).

- Cudng d6 nén cta bé tong duoc xac dinh trén mau hinh lap phuong, canh 15 cm theo tiéu chuén
GOST 10180-2012 (Nga).

- Modun dan hbi ciia bé tong dugc xac dinh theo tidu chuin ACI 318-2005 (My).

- Nhiét lugng thiy hoa 16n nhét ctia xi ming xac dinh theo tiéu chudn ASTM C186-17 (M¥).

- Ché d6 nhiét, nhiét do toi da va tng suat do nhiét trong khdi mong bé tong duge xac dinh theo
phwong phéap phn tir hitu han va dwa vao chuong trinh Midas Civil.

1.3. Péi twong nghién ciru

Déi twong cuia nghién ciru nay 1a khdi mong cua ciu virot bing bé tong ct thép vai kich thudc 8x6x2,5 m
(Hinh 1). Két cau duoc thi cong vao mila hé & mién Trung ciia Viét Nam.

e 6m

£ = i 1- Méng cau voi kich thude
==~ 1 ! 8x6x2,5 m.
RN 2 7-Nb .
5 | - Nén mong.

Hinh 1. Hinh dang phdc thio va mdt cdt ngang ciia khéi mong bé tong nghién ciru
3. Két qua va thao luin
1.1. Tinh todn cép phéi so by ciia hén hop bé tong nghién civu

Hdn hop bé tong trong nghién ctru nay can dap tmg duoc cac yéu ciu ky thudt nhu sau:

- Tinh cbng tac ctia hdn hop bé tong xac dinh theo do sut (SN, cm) ciia con hinh nén cut tiéu chuén,
SN =80 - 100 mm.

- Cudng d6 nén & tudi 28 phai dat 35 MPa.

- Thé tich ctia khéng khi cu6n vao hdn hop bé tong trong qué trinh tron 1a 1%.

Duya véo tiéu chudn ACI 211.1-02 d3 xé4c dinh dwoc cAp phdi co sé cua hdn hop bé tong, di duoc thé
hién trong bang 1. Két qua thi nghiém cac tinh chit cia hdn hop bé tong va bé tdng thu duoc tir cip phdi
néu trén dugc trinh bay trong bang 2.

Bang 1. Cip phéi so b va tinh chdt ciia hén hop bé tong

Cép phbi ctia hon hop bé tong (kg/m?) Tinh chat ctia hdn hop bé tong
N Khéi lwong thé
X C D N X tich (kg/m?) SN (mm)
436 696 1023 205 0,47 2360 95

Bang 2. Tinh chit co Iy ciia bé tong

Khdi lugng thé tich Cuong d6 nén trung binh (MPa) Cuong do kéo khi ubn trung binh
trung binh (kg/m?) 3ngay | 7 ngay 14 ngay 28 ngay 0 tudi 28 ngay (MPa)
2355 19,52 | 25,04 31,17 36,3 3,11

_Tu cuong d6 nén trung binh cua bé tong & tudi 28 ngay va theo tiéu chuan ACI 318-2005, mé dun dan
hoi dugce xac dinh theo cong thirc sau:

E, = 4730 RY =4730,/36,3 ~ 28500 (MPa) (1)

Tir cac két qua thye nghiém trong bang 1 va 2 c¢6 thé thiy ring: thanh phin cip phdi ctia hdn hop bé
tong thu dugc theo tiéu chuan ACI 211.1-02, c6 tinh cong tic thoa man diéu kién thiét ké ban dau va
cuong d6 nén & tudi 28 ngay dap tmg duoc yéu ciu cho phép. Ngoai ra, gi4 tri cuong dé nén thyc nghiém
cho thiy ring toc d6 phat trién cuong d6 cia loai bé tong nay 1a kha nhanh, ¢ tudi 3 ngay da dugc 54%
cuong do o 28 ngay.
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1.2. Tinh todn ché d¢ nhiét @ va trang thdi ikng sudt nhigt trong khéi mong bé tong nghién civu
1.2.1. Cdc Iy thuyét danh gid xdc sudt hinh thanh vét mit trong khoi bé téng ¢ tuéi sém

Theo c4c tidu chudn hién nay, d4nh gia x4c sut xay ra cic vét nirt do ng suat nhiét trong két céu bé
t6ng khdi 16n c6 thé thuc hién theo cac 1y thuyét sau day:

- Theo TCVN 305: 2004 (TCXDVN 305:2004, 2004): c6 hai yéu t§ gdy ra cac vét nut trong két ciu bé
tong khdi 16n khi dong ran & cac tubi som la:

+ Chénh léch nhiét d¢ giita hai diém trong khi bé tong: AT > 20°C.

+ Gradient nhiét d6 trong qua trinh bé tong déng rin M > 50°C/m.

- Theo céc nghién ciru (Francisco D., Rikard J., 2016), khi ting sudt kéo do nhiét trong bé tong oi(te)
tai thoi diém t. cao hon so v6i giéi han d6 bén kéo khi uén Ru(te) ciia né, thi vét nirt s& hinh thanh trong
khdi bé tong.

1.2.2. Tinh chdt vit liéu va diéu kién ciia méi truong

Céc tinh chit co 1y ciia bé tong nghién ciru dugc trinh bay trong bang 3. Khéi lugng xi ming, khdi
luong thé tich trung binh, cuong d6 nén va cudng do kéo trung binh & tudi 28 ngay cila bé tong da duge
dua ra trong bang 1 va 2. M6 dun dan héi ciia bé tong da duogc tinh theo cong thuc (1). Gia tri dién hinh
ctia hé sb gidn no nhiét ciia bé tong dwoc lya chon bing 1,0.10-%/°C (Hichem M. et al., 2017).

Theo nghién ctru (Tang Van Lam et al., 2018) nhiét d6 ciia hdn hop bé tong khi db 1a 20°C va duoc giit
khéng ddi trong sudt qua trinh thi cong. Nhiét do cta khong khi trung binh hang ngay dwoc lya chon bing
30°C.

Bdng 3. Cdc tinh chdt ciia bé t6ng va nén mong trong nghién ciru

Céc tinh chét Bé tong Nén méng

Hé s6 dan nhiét, W/(m.’C) 2,31 3,64
Nhiét dung riéng, kJ/(kg.’C) 0,96 0,84
II;I}E’S\(;] /t(rrl.ln};eorzj )nh1¢t tir bé mat tiép xuc cua bé tong vao khong 13.88 13.62
Heé s6 gian nd nhiét tuyén tinh, 1/°C (Abdallah I. et al.. 2003) 1,0.10° 1,0.10°
Heé s6 Poisson (Abdallah 1. et al.. 2003) 0,20 0,20
Nhiét lvgng 16n nhét cua xi mang khi thiy héa, kl/kg 209 -
Khdi lugng xi ming, kg 436 -
Khéi lugng thé tich trung binh, kg/m? 2355 2700
Nhiét do ciia hdn hop bé tong ban dau, °C 20 -
Cuong do nén trung binh, MPa 36,3 -
Cuong dg kéo khi udn trung binh, MPa 3,11 -
Modun dan hdi, MPa 28500 20000

Str dung phan mém Midas Civil, ket qua tinh toan truong nhiét ciia khoi méng tir loai bé tong nay da

duoc thé hién trén Hinh 2.

MIDAS/Civil
POST-PROCESSOR
TEMPERATURE

73.04
€8.67
64.30
59.94
55.57
51.20
46.84

STAGE:CS1
Hydration
HY Step 3, 72.0Hr

Hinh 2. Truong nhiét dg trong khéi moéng bé tong sau 72 gio' thi cong
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Tir cac két qua thu duge trong hinh 2 cho thiy ring, nhiét d6 tdi da trong khdi méng bé tong 1a Tiex =
73,04°C sau 72 gio do bé tong. Sau do, nhi¢t d6 bat dau giam dan ve nhiét do ciia moi treong xung quanh.
Trang thai ng suat nhiét xuat hién trong khoi mong bé tong nay vao thoi diém d6 duoc thé hién trén
Hinh 3.

MIDAS/Civil

PBOST-PROCESSOR
HYDRATION SIRESS

SIG-Pmax

4.42367e+005
3.45405e+005
2,48443e4005
1.51481e+005
5.45196e+004
0.00000e+000
-1.39404e+005
-2.36366e+005
-3.33328e+005
~4.3028%e+005

-5.27251e+005
-6.24213e+4005

STAGE:CS1
Hydration
HY Step 3, 72.0Hr

_ Hinh 3. Truong umg sucjt nhiét trong khéi mong bé 10ng nghién cvru sau 72 gio dé bé téng
T két qua phan tich dugc thé hién trén Hinh 3 da chothay, Gmg suat nhiét trén bé mat phia trén clia
khbi mong dat gia trj 16n nhét o, = 4,42367 MPa tai thoi diém 72 gio sau khi d6 hdn hop bé tong.

Hinh 4. Ba vi tri nguy hiém ciia khéi mong bé tong nghién ciru

Mt khéc, néu chénh léch nhiét do gitra tim va bé mat khdi bé tong vugt qua gidi han cho phép, diéu
nay c6 thé dan dén (g suat nhiét qua mirc do Gradient nhiét do dot ngdt trong qua trinh bé tong dong
rén, két qua la thuong xuat hién cac vét nut trong két cau & cac tudi sém. Do d6, viéc phén tich trang thai
ung sut nhiét cin duoc thyc hién tai ba vi tri nguy hiém nhét ctia két ciu dang dugc nghién ciru, bao gém
vi tri trung tam - tai nat $6 97, vi tri tai bé mat ngoai phia trén - nat 6 141 va vi trf tai bé mat ngoai bén
phai - nut s 98, ba diém nay dugc thé hién trén Hinh. 4. Két qua phan tich qué trinh phat trién g suat
kéo do nhiét do theo thoi gian tai cac nat nay dugc thé hién trong cac hinh 5, 6 va 7. Trong do: A, Bva C
tuong (ng 1a thoi diém bit ddu xudt hién vét nut tai cac nat 97, 141 va 98 khi ung suit kéo do nhiét trong
khéi bé téng cao hon gidi han cudng d6 kéo khi udn cia no.

= + I . il
TG 00 K6 TlE bR 0G| Clegng Ha kéo dia bé torig

g stat keo oo el igsitidone

-atag0 —
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Hinh 5. Qua trinh phat trién wng suat nhiét 6 nut ~ Hinh 6. Qua trinh phat trién wng suat nhiét ¢ nut
50 97 theo thoi gian 56 141 theo thoi gian
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Hinh 7. Qua trinh phat trién tmg suat nhiét & nit s6 98 theo thoi gian

4. Két luin

1. Co thé sir dung vat liéu sin co tai Viét Nam va tiéu chuén ACI 211.1-02 dé thu dugc cép phéi bé
t6ng ning dung cho két ciu bé tong cbt thép toan khdi véi tinh cong tic cua hdn hop bé téng xac dinh
theo do sut ctia con hinh non cut tiéu chudn 1a 95 mm, cuong do nén va cuong do kéo khi udn cua bé tong
& tudi 28 ngay lan luot 1 36,3 MPa va 3,11 MPa.

2. Str dung chuong trinh Midas Civil da xac dinh dugc nhiét do tdi da tai trung tim ctia khoi bé tong da
nghién ctru 1a Tmax = 73, 04°C sau 72 gior ké tir khi bat dau tron nguyén liéu voi nude. Sau do, nhiét d nay
bét dau giam dan vé nhiét d6 méi truong. Pdng thoi, tai thoi diém d6 Gng suat nhiét trén bé mét phia trén
ctia khéi mong dat gia tri 16n nhét 1a o (72 gid) = 4,423 MPa.

3. Tai cac nut 98 va 141 trén khdi bé tong nghién ciru, sau 30 gio d6 hdn hop bé tong, gid tri tng suat
kéo do nhiét da bat diu vuot quéa gié tri cho phép cua cudng do kéo khi udn cta bé téng, do d6 co sy hinh
thanh cac vét nirt trén bé mit khdi bé tong. Vi vay, d& ngin ngira vét nut, can phai dam bao viéc bao
dudng cac bé mit bé tong trong giai doan 30 gid sau khi thi cong.

4.0 trung tm cua khdi méng bé tong - niit 97, gia tri cua ing suit kéo do nhiét vuot qué gia tri cuong
d6 kéo khi udn tai thoi diém 590 gio (tire 1a hon 24 ngay) sau khi d5 hdn hop bé tong, nhung & thoi diém
naybé téng di dat dwoc yéu ciu vé& cudng do, nén nguy co nit tai trung tim cua khdi méng gy ra do
nhiét lwong trong qua trinh hydrat hoa ctia xi mang 1a khéng nhiéu va khéng nguy hiém.
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ABSTRACT

Composition and crack evaluation of early age concrete in the massive
foundation

Tang Van Lam', Vu Kim Dien!, Ngo Xuan Hung!, Pang Van Phi?, Boris Bulgakov'
National Research Moscow State University of Civil Engineering
2 Hanoi University of Mining and Geology

In recent years, many large-scale constructions from monolithic concrete structures have been built in

different regions of Vietnam. However, structures damage and cracking, caused by temperature stresses,
become more popular and strong impact on operation reliability and durability. In this article, the standard
ACI 211.1-09 was used to determine the composition of heavyweight concrete. Assessment of cracking in
early age concrete was made by analysis of temperature field and the thermal-stress.
By applying the computer program Midas Civil, the maximum temperature in the concrete foundation
center which was determined after 72 hours from the commencement of mixing of raw materials with
water, equal to 73.04°C. At the same time, the structure temperature difference between the center (node
97) and surface (nodes 141 and 98) was 33.04°C and 34.1°C, respectively. In addition, at nodes 141 and
98 of the concrete foundation at 30 hours of concrete hardening, the tensile stress is greater than the
tensile strength of the concrete leading to crack formation on the concrete surface. Therefore, in order to
prevent cracking, it is necessary to ensure proper care of the foundation surface during the concrete
hardening.

Keywords.: heavyweight concrete; tensile strength; crack formation; temperature regime; thermal-stress.
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