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Tém tit - Tudi tho ctia cac cong trinh bé tong cbt thép (BTCT) &
c4c viing ven bién phu thudc vao rit nhiéu yéu td, chéing han nhu
chat luong cua bé tong (cuong df, kha nang chéng tham nudc,
chéng tham clorua), cau tao cua két cdu BTCT (loai cdt thép,
duodng kinh cbt thép, chidu day 16p bé tong bao vé), vi tri xay
dung cong trinh (dudi nudce, trén bo),... va phu thude vao nhiét
dd moi truong. Bai bao ndy trinh bay anh huéng cua phu gia
khoang va nhiét d6 moi truong dén tudi tho cua cac cong trinh
BTCT & cac ving ven bién Viét Nam. Két qua nghién ctru cho
thiy, tudi tho ciia cong trinh BTCT bi anh huéng dang ké boi
nhiét do moi truong, nhi€t do moi trudng cang cao thi tudi tho cua
cong trinh cang thap. Két qua nghién ctru ciing chi ra rang, sir
dung céc phu gia khoang nhu mudi silic va tro bay trong bé tong
céi thién dang ké tudi tho ciia cac cong trinh BTCT & cac ving
ven bién.

Tur khéa - Mbi truong bién; tudi tho; phu gia khoang; nhiét do
moi trudng; dn mon cot thép.

1. Pat vin dé

Viét Nam c6 duong bo bién trai dai tir Bic vao Nam
v6i chidu dai khoang 3260 km chua ké cac hai dao, day 1a
diéu kién rat thuan loi dé nhiing noi c6 bién phat trién kinh
té bién. Trong nhimg nam gan day nhiéu dia phuong da dau
tu, phat trién manh mé co s& ha ting & cac ving ven bién,
do vay ngay cang c6 nhiéu cong trinh dwoc xay dung & cac
viing ven bién, dic biét 1a cac cong trinh ha ting giao thong
nhu ciu, bén cang, ... Cac cong trinh bang bé tong cdt thép
(BTCT) & cac vang ven bién thudng chiu tac dong xam
thuc manh mé cua moi trudng bién dan dén dn mon cbt
thép va hu hong. C6 thé noi an mon cdt thép 1a nguyén nhan
chinh Iam hu hong va suy giam tudi tho ciia cdc cong trinh
BTCT ¢ moi truong bién [1, 2, 3]. Khi in mon xay ra, cac
san pham an mon tich tu trén bé mat cdt thép gay gian no
thé tich 1am mat lién két giira cot thép va bé tong, pha v&
bé tong, lam giam kha ning chiu tai va cudi cung 1a pha
hty cong trinh [4].

Tudi tho ciia cac cong trinh BTCT & cac ving ven bién
khéng chi phu thudc vao chat lugng bé tong (cudng do,
kha nang chéng tham,...), cAu tao két cdu BTCT (loai
thép, duong kinh cdt thép, chiéu day 16p bé tong bao vé),
vi tri xdy dung cong trinh (vung dudi nudc, trén bo), ...
ma con phu thudc vao nhiét d6 moi truong (NPMT). Tuy
theo vi tri dia ly cta ting vung bién ma nhiét d¢ khong
khi trung binh nam s& khac nhau, nhi¢t d§ cé xu huéng

Abstract - The service life of reinforced concrete (RC) works in
coastal areas depends on many factors, such as the quality of the
concrete (i.e, strength, water permeability resistance, chloride
resistance), structure of reinforced concrete works (i.e, type of
reinforcement, diameter of reinforcement, thickness of protective
concrete layer), construction location (i.e, underwater,
onshore),... and depends on the ambient temperature. This paper
presents the influence of mineral additives and ambient
temperature on the service life of RC works in coastal areas of
Vietnam. Research results show that, the service life of RC works
is significantly affected by ambient temperature, the higher the
ambient temperature, the shorter the service life of RC works.
Research results also show that, using mineral additives such as
silica fume and fly ash in cement concrete significantly improves
the service life of RC works in coastal areas.
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tang dan tir ving bién Bic bo dén Nam b [5, 6]. Nhiét
d6 khong khi cao nhat trung binh nim & ving bién Bac
bo (Hai Phong, Quang Ninh, Thai Binh, Ninh Binh)
khoang 25,5-27°C, & viing bién Nam Trung bd (Pa Néng,
Quang Ngai, Binh DPinh, Phu Yén) khoang 30-31°C, &
vung bién Nam b6 (Chau Pdc, Can Tho, Séc Trang, Bac
Liéu, Ca Mau) khoang 31-32°C [5, 6]. Hién nay, trén thé
gidi ¢6 nhidu mo hinh dy bao tudi tho cta cac cong trinh
BTCT & mdi truong bién, dién hinh 13 cac mé hinh
Life365 [7], Fib [8], DuraCrete [9],... cac m0 hinh nay
hién nay da dugc st dung phé bién, dac biét l1a mo hinh
Life365. O Viét Nam, TCVN 12041:2017 [10] c6 hudng
dan tinh toan tudi tho cua cac cong trinh BTCT & mdi
truong bién, tuy nhién tidu chudn nay ciing con mot sb
han ché nhit dinh, dic biét 1a khong xét dén anh huéng
cia NDMT bién va sy suy giam hé s6 khuéch tan clorua
cua bé tong theo thoi gian.

Bai bao nay trinh bay phuong phép tinh toan tudi tho
clia cong trinh BTCT & cac ving bién Viét Nam véi cac
diéu kién phoi nhiém khac nhau theo TCVN 12041:2017
va c6 xét dén anh huéng cia NPMT cua timg ving bién.

2. Thanh phin va cdc chi tiéu co, Iy ciia bé tong

Thanh phén, cudng d nén va h¢ s6 khuéch tan clorua
0 28 ngay (Rnzs, D2g) cua cac loai bé tong dugc thé hién
trong Bang 1.

1 The University of Danang — University of Technology and Education (Ho Van Quan)
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Bing 1. Thanh phan, cuong dé nén va hé sé khuéch tan clorua
0 28 ngay cuia cac logi bé tong [11]

Loaib¢ | XM | N | TB|MS|CKD| C | P | N | SD
tong | (kg) | (kg)|(kg)|(kg) | (kg) | (kg) | (kg) JCKD (kg)

OMSOTB| 454 | 168 | 0 0 | 454 | 625 |1167|0,37 | 4,77

7MS0TB|422,22| 168 | 0 |(31,78| 454 | 614 |1167| 0,37 | 4,99

PMS15TB 363,20 168 | 68,1|22,70| 454 | 606 (1167| 0,37 | 4,77

Loai bé

tong Rnzs (MPa) D2s (MmM?/niim)
0MS0TB 54,14 206,63
7MSO0TB 56,11 81,29
bMS15TB 55,60 51,69

Ghi chL’J:, XM: xi mang; N: nudec; TB: tro bay; MS: mudi §ili<;;
CKD: chat két dinh; C: cat; B: da dam; N/CKD: ti 1€ nudce - chat két

dinh; SD: phu gia siéu déo.

3. Tinh toan tu(z)iO tho ciia cac cong trinh bé tong cdt thép
¢ moi trwedng bién
3.1. Phwong trinh trang thai gioi han

Theo TCVN 12041:2017 [10], phwong trinh thiét ké du
bao tudi tho cua cong trinh BTCT khong tinh dén bao tri
(thoi gian bat dau an mon cot thép) la:

(Cs-Co) [1— erf [ \/L%tD + Co< Cer @

Trong do:

X — chiéu day 16p bé tong bao vé (mm);

Co— ham luong clorua ban dﬁl{ tai bé mat cdt thép trong
bé tong (% khoi luong bé tong) ké ca trong nguyén li¢u va
trong qua trinh tron, Co = 0;

erf — ham sai sd;

t — tudi tho khong bao tri (thoi gian bit ddu in mon cdt
thép) cua cong trinh (ndm);

Da — hé s6 khuéch tan clorua biéu kién cua bé tong
(Mm?/nim);

Ccr— ndng d6 cloua gay an mon cdt thép (% khdi luong
bé tong);

Cs— ndng do cloua bé mat két cau bé tong (% khdi
lugng bé tong).

Theo Life365 [7], hé sb Dala mot ham cua 'gh(‘)i gian va
phu thudc vao nhiét d6 moi trudng thong qua hé so ke nhu sau:

t m
Da(t) = Dy (%j K (2)
V] S S .
R Tgo t'"C+273
Trong do6:

Da(t) — hé s6 khuéch tan clorua ciia bé tong tai thoi diém
t va & nhiét do t°C (mm?/nim);

D2s— hé sb khuyéch tan clorua cua bé tong ¢ 28 ngay
dugc xac dinh trong phong thi nghiém (mm?/nim);

tog — thoi diém thi nghiém xac dinh hé s khuyéch tan
clorua, txs = 28 (ngay) = 0,0767 (nam);

U — ning lugng hoat héa cta qua trinh khuéch tan
(35000 J/mol);

R — hing s6 khi, R = 8,314 (J.mol".K™);

T2 — nhiét d tuyét di img vai t=20°C, T = 293 (K);

t°C — nhiét d6 C;

m—hé s,(*) suy giam khuéch tén clorua theo thoi gian, 1a
mot hang s6 tuy thudc vao loai bé tong.

Life365 [7] qui dinh thoi gian thuy héa hoan toan cua
bé tong toi da 1a 25 ndm, do vdy trong cong thire (2), t chi
6 gia tri t0i da 1a 25 ndm, khi t > 25 nam thi lay t bang
hang s6 1a 25 nam.

Vi Co =0 va thay cac phuong trinh (2), (3) vao phuofng
trinh (1) ta duoc phuong trinh trang thai gidi han khi cot
thép bat dau bi an mon nhu sau:

X

t m
4D, (isj K.t

3.2. 3.2. Cdc théng sé diu vao
Trong nghién ctru nay, gia dinh tinh toan tudi tho cho
mot try cau BTCT ¢ meg‘bién Viét Nam trong 2 dicu kién
phoi nhiém: ving thuy tricu (TTR) va ving khi quyén trén
bo cach mép nude bien 100 m (KQ100).
~ -He¢ s6 khuéch tan clorua cia cac bé tong ¢ 28 ngay:
lay theo Bang 1.

Cs 1-erf =Ccr (4)

- Hé sé m: Hé s6 m lay gan ding theo két qua nghién
ctru ctia Thomas va cong sy [12] 120,23, 0,25 va 0,40 tuong
ung vai cac bé tong OMSOTB, 7MSOTB va SMS15TB.

- Chiéu day 16p bé tong bao vé x: Pdi voi moi truong
bién chiu tic dong an mon do clorua, chidu day 16p bé tong
bao vé tbi thiéu 14 55 mm ddi véi ving TTR va 45 mm ddi
v6i ving khi quyén trén mat nudc bién [10], chon
X =90 mm cho ving TTR va x = 60 mm cho viung KQ100.

- Nong d6 cloua bé mit Cs: Vi viing thuy triéu va ving
khi quyén trén bo cach mép nudc bién 100 m, noéng do
clorua bé mat ciia KCBT bé tong duoc thé hién trong Bang
2 [10].

Bdng 2. Néng do qlorua tai bé mdz cg?a KCBT o
vung thuy triéu va khi quyén bién [10]

10 | 20 | 30 [ 40 [ s0

Thoi gian tiép xac (ndm)

Khoang céch tir mép

’ o I A A
nuée bién (m) Cs (% khoi lugng bé tong)

Ving thiy triéu 0,971 1,233 1,391 | 1,504 | 1,592
Trén bor cach mép nude | 1351 (176 | 0205 | 0239|0249
bién 100 m

Nong d¢ clorua bé mit Cs thuong duoc biéu dién theo
qui ludt ham md [2, 13, 14] voi két qua nhu sau:

+Ving TTR (R? = 0,996):

Cs(t) = 0,483.t0308 (5)
+Ving KQ100 (R? = 0,995):
Cs(t) = 0,055.t%:3%2 (6)

- Nong d6 cloua gy dn mon cbt thép Cer: v6i cac bé


https://vi.wikipedia.org/wiki/Joule
https://vi.wikipedia.org/wiki/Mol
https://vi.wikipedia.org/wiki/Kelvin
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tong khong st dung phu gia khoang hodc stir dung tro bay
nho hon 15%CKD thi C¢r = 0,45%CKD [10], twong duong
v6i Cer = 0,085% bé tong.

- Nhiét ¢6 moéi truong t°C: Ngoai xét diéu kién nhiét do
tiéu chuén khi thi nghiém xéac dinh hé s6 khuéch tan clorua
ctia bé tong trong phong thi nghiém 1a 20°C, ¢ day xét thém
ba diéu kién twong tmg véi ba ving bién Bic b, Nam
Trung bo va Nam b vai nhiét d6 cao nhét trung binh nam
tuong (tng la 24°C, 28°C va 32°C.

Céc thong sb dau vao dugc thé hién trong Bang 3.
Bdng 3. Cdc thong $6 dau vao dé tinh tudi tho cia try cau BTCT

Céc thong sb
Loai bé
téng DZ m Cs (%) Cer X t (Oc)
(mm?y) TTR KQ100 | (%) |(mm)
oMsoTB| 176,92 | 0,23
7MSOTB| 59,29 | 0,25 | 0,483.°%% [0,055.10%2| 0,085 | 80 |20 24
29 0,25 | 0,483.0°% 0,055.0°90,085| g | og 39
5MS15TE| 46,67 | 0,40

4. 4. Két qua va thio luin
Thay céc thong s6 dau vao & Bang 3 vao phuong trinh
(4) s& tinh dugc tudi tho cua try cdu BTCT. Tubi tho cua
tru cau BTCT ¢ céc diéu kién phoi nhiém va NPMT khéc
nhau duoc thé hién trén cac Hinh 1 va 2.
200
180 4
160 | 151.0

179.5

m(O0MSOTB m7MS0TB = 35MSI15TB

127.7
108.5

TEFF

N]uq:t do moéi tru’o‘ng (°C)

Hinh 1. Tuéi tho ciia tru cau BTCT ¢ ving TTR voi
cac logi bé tong va NDMT khac nhau (x = 90 mm)

210 | 206.4 mOMSOTB ®7MSOTB = 5MSI15TB
178.7
180 |
155.6
‘2150 136.1
3
=
= 120 |
=
90 | 798
g 90 69.9
= 61.6
546
60 1 4
: 333 3L 28.
30 |
0 - T T T
20 32
Nhiét dé méi trromg (°C)

Hinh 2. Tuéi tho ciia tru cau BTCT & vung KQ100 véi
cac logi bé tong va NDMT khac nhau (x = 60 mm)
Két qua trén Hinh 1 va 2 cho thdy, NDMT c6 tic dong
lam giam tu6i tho cta cong trinh BTCT, su gia ting NDMT
cang 16n thi sy suy gidm tudi tho ctia cong trinh cang sau.

O vung TTR, tudi tho cua try cau BTCT sir dung bé tong
OMSOTB dat lan lugt 14 21,5; 17,5; 14,3 va 11,7 ndm tuong
ung véi NDMT Ia 20, 24, 28 va 32°C; Trong khi d6, cac bé
tong 7MSOTB va SMS15TB dat tudi tho lan lugt 1a 55,6,
46,9;39.8,33,9namva 179,5; 151,0; 127,7; 108,5 nam. Su
gia ting NDMT lam giam tudi tho ctia cong trinh 1a do su
gia tang hé s6 khuéch tan clorua dan dén lugng clorua thim
nhap vao bé tong dat dén ngudng dn mon Ccr nhanh hon.
Khi NDMT ting tir 20 1&n 24, 28 va 32°C, tir cong thiic (3)
xac dinh dugc mirc tang hé sb khuyét tan clorua lan lugt 1a
1,21; 1,47 va 1,76 lan.

O ving KQ100, mic du x = 60 mm nhung tudi tho cua
tru cau BTCT ting lén dang ké so véi ving TTR, ching
han & NDMT la 20°C, tudi tho cua tru cdu BTCT dat lan
luot 1a 40,0; 79,8 va 206,4 ndm tuong ting voi cac bé tong
OMSOTB, 7MSOTB va SMS15TB. Tudi tho cia tru cau
BTCT & viing KQ100 cao hon dang ké so véi ving TTR 1a
do sy khac biét vé néng d6 clorua bé mat Cs, & vung TTR
ndng do6 clorua bé mat Cs cao hon nhiéu lan so véi ving
KQ100 (Bang 2), sy chénh 1éch n6ng do clorua gitra bé mat
va phén bén trong bé tong cang 16n dan dén sy tham nhap
clorua vao bé tong cang manh va gay an mon c6t thép cang
nhanh [4].

Khi so sanh gitta cac loai bé tong voi nhau, Hinh 1 va 2
cho théy tudi tho cta tru cAu BTCT sir dung cac bé tong
7MSOTB va 5MS15TB ting 1én gap khoang 2,6 1an va 8,5
lan dbi v6i ving TTR, gip khoang 2,0 1an va 5,0 lan d6i
véi vung KQ100 so véi bé tong OMSOTB. Cac bé tong
7MSOTB va 5MS15TB c6 tudi tho cao 1a do chung c6 hé¢
s6 khuéch tan clorua (D) thap hon va hé s suy giam
khuéch tan clorua theo thoi gian (m) cao hon bé tong
OMSOTB.

Quan h¢ gitra sy gia ting NDMT va sy suy giam tudi
tho cua tru cau BTCT ¢ céac dicu kién phoi nhiem bién duoc
thé hién trén Hinh 3 va 4.

wn
(=1

HA0MSOTB S7MS0TB E5MS15TB .,\D-,
o

=
(=1

%

Su suy giam tudi tho (%)
(V)
<

[
(=1

—
(=1
I

Sw gia ting nhiét dd mai truong (°C)
Hinh 3. Quan h¢é giita su gia ting NDMT va sy suy gidm
tudi tho cua tru cau BTCT o vung TTR

Khi NDMT ting 1én lan luot 1a 4, 8 va 12°C, tudi tho
ctia try ciu BTCT & viing TTR véi bé tong OMSOTB giam
lan Iugt 18,9% (4,1 nam); 33,8% (7,3 nim) va 45,6%
(9,8 nim); Voi bé tong 7MSOTB giam lan luot 15,7%
(8,7 nam); 28,5% (15,9 nam) va 39,1% (21,7 nam); Vi bé
tong SMS15TB giam lan luot 15,9% (28,5 ndm); 28,9%
(51,8 nam) va 39,6% (71,0 nam). Déi voi vung KQ100,
tudi tho cua try cdu BTCT véi bé tong OMSOTB giam lan
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Iuot 11,3% (4,5 nam); 20,9% (8,4 nam) va 29,1%
(11,6 ndm); véi bé tong 7MSOTB giam lan lugt 12,4%
(9,9 nam); 22,8% (18,2 nam) va 31,6% (25,3 nam); vdi bé
tong SMS15TB giam lan luot 13,4% (27,7 nam); 24,6%
(50,8 nam) va 34,0% (70,3 nam).

40
OMSO0TB TMSO0TB E5MSI5TB
25|
£ 20
:g Z
510 | /
.

0 4 8 12
Sw gia tang nhiét do moi truong (°C)
Hinh 4. Quan hé gitra sy gia tang NPDMT va sy suy giam
tuoi tho cua tru cau BTCT ¢ vung KQ100
Két qua trén cting cho thay, tdc dong cua sy gia tang
NDMT dén sy suy giam tudi tho cia tru cau BTCT & viing
TTR 1 16n hon so vé6i ving KQ100. O ving TTR, bé tong
OMSOTB c6 xu hudng suy giam tudi tho nhanh hon so véi
cac bé tong 7MSOTB va 5MS15TB; nguoc lai & ving
KQ100, cac bé tong 7MSOTB va 5MS15TB lai c6 xu
hudng suy giam tudi tho nhanh hon mot chut so véi bé tong
OMSOTB. Piéu nay c6 thé 1a do anh hudng cua sy suy giam
hé sb khuéch tan gi6i han t6i da 1a 25 nam (cong thirc (2)),
nén khi tudi tho ciia cong trinh cang 16n thi xu hudéng giam
tudi tho do sy gia ting NDMT c6 xu hudng nhanh hon.

5. Két luan va kién nghi

Mot s6 két luan va kién nghi dwoc rat ra tir nghién ctru
nay nhu sau:

Céc bé tong sir dung phu gia khoang cai thién dang ké
tudi tho cuia cac cdng trinh BTCT & méi truong bién. Tudi
tho cua cac cbng trinh BTCT khi st dung bé téong chia
7%MS (7TMSOTB) va bé tong chira 5%MS va 15%TB
(5MS15TB) ting 1én gap khoang 2,6 1an va 8,5 lan dbi véi
ving TTR (x = 90 mm), gap khoang 2,0 lan va 5,0 lan dbi
véi ving KQ100 (x = 60 mm) so voi bé tong khoéng cé phu
gia khodng (OMSOTB).

Nhiét d6 méi trudng anh hudng rat 16n dén tudi tho cia
c4c cong trinh BTCT & méi truong bién. Khi nhiét do moi
truong ting 1én 1an luot 12 4, 8 va 12°C; tudi tho ciia cong
trinh BTCT ¢ ving TTR giam lan luot khoang 15,7-18,9%;
28,5-38,5% va 39,1-45,6%; O ving KQ100 giam lan luot
khoang 11,3-13,4%; 20,9-24,6% va 29,1-34,0% tuy theo
loai bé tong.

Khi dy béo tudi tho cia cac cong trinh BTCT & moi
truong bién can phai tinh dén nhiét d6 méi truong & ving
bién noi xay dung cong trinh, ngoai ra nén str dung cac phu
gia khoang trong thanh phan ciia bé tong dé nang cao tudi
tho cho cong trinh.
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