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B TS.HO VAN QUAN®; ThS. NGUYEN HU'U TUAN
Truong Bai hoc Su pham Ky thudt - Bai hoc Ba Néng
W KS.PHAM VAN QUYEN

Vién Khoa hoc va Céng nghé Giao théng vdn tai

® TS.VU MINH NGAN

Truong Bai hoc Mé - Bia chdt

Email: “hvquan@ute.udn.vn

TOM TAT: Véi su d6 thi héa nhanh chéng, co sé ha
tAng ngay cang dugc mdé réng va phat trién manh
mé, nhu cdu si dung bé téng ngay cang ting cao
dan dén can kiét tai nguyén thién nhién, dac biét
Ia cat séng (CS). Trong khi d¢, tro bay (TB) thai tu
cac nha may nhiét dién fich IGy ngay cang nhiéu,
chiém dién tich d4t I1am bai chira va gay 6 nhiém
méi trudng. Viéc nghién ctu tan dung nguén TB
thai du thlra dé thay thé mot phan CS trong bé
tédng, gidi quyét finh trang thiéu hut CS 1a van dé
thoi su hién nay. Ddi véi cac céng trinh bién, dé
tham ion clo thap la mét trong nhing tiéu chi bat
budc dé kéo dai tudi tho st dung (T_,). Bai bao trinh
bay dnh hudng cla (35 - 65)% TB thay thé CS,
35% xi 16 cao (XL) va 10% mudi silic (MS) thay thé
xi mang (XM) trong bé téng tinh nang cao (HPC)
dén d6 tham ion clo va udc tinh T_, cdia céng trinh
bé tong cét thép (BTCT) & méi truong bién. Két
qud cho thdy cac HPC chia TB, XL va MS lam gidm
dang ké do tham ion clo va kéo dai T_, cla cong
trinh bién. Cac HPC chua (35 - 65)% TB cho T,
cao nhat, trong khi cac HPC chiia 35% XL va 10%
MS cho T, la gan tuong tu nhau.

TU KHOA: Tro bay, cat séng, d6 tham ion clo, tudi
tho st dung.

ABSTRACT: With rapid urbanization, infrastructure
is rapidly expanding and developing, resulting in
an escalating demand for concrete, thus depleting
natural resources, particularly river sand (RS).
Simultaneously, the accumulation of fly ash (FA)
from thermal power plants is increasing, occupying
landfills and causing environmental pollution.
The current pressing issue involves researching
the utilization of surplus FA sources to partially
replace RS in concrete, thereby addressing the

68

RS shortage. Low chloride ion permeability is a
mandatory criterion for prolonging the service life
(T.) of marine structures. This study investigated
the effects of replacing RS with (35 - 65)%
FA, 35% ground granulated blast furnace slag
(GGBFS) and 10% silica fume (SF) replacing
cement in high performance concrete (HPC) on
chloride ion permeability. Additionally, it estimated
T., of reinforced concrete structures in marine
environments. The results demonstrated that HPCs
containing FA, GGBFS and SF substantially reduced
the chlorite ion permeability and prolonged T_, of
marine structures. Notably, HPCs containing (35
- 65)% FA exhibited the highest T_, while those
containing 35% GGBFS and 10% SF yielded similar

T _, values.
sd

KEYWORDS: Fly ash, river sand, chloride ion
permeability, service life.

1.DAT VAN BE

Vi su dé thi hoa nhanh chong, co sa ha tang ngay cang
dugc mé rong va phat trién manh mé, nhu cau st dung bé
tong XM (BTXM) ngay cang tang cao dan dén can kiét tai
nguyén thién nhién, dic biét Ia nguén CS. & nudc ta, luong
CS tiéu thu khoang khoang 130 triéu m3/nam cho viéc
san xuat vira va BTXM, du kién sé tang lén lan lugt khoang
170 - 190 triéu m3/nam va khoang 200 - 220 triéu m3/nam
vao nam 2025 va 2030 [1]. Viéc khai thac CS tu thién nhién
khéng nhiing gay cac tac hai cho moi trudng ma con gay
X6i 16 b& séng, 6 nhiém ngudn nudc va la lut [1, 2]. DE
giam tac dong dé€n moi trudng trong viéc san xuat BTXM,
nhiéu khu vuc va quéc gia trén thé gigi khuyén khich s
dung vat liéu tai ché dé thay thé c6t liéu tu nhién [3]. Tai
Viét Nam hién c6 khoang 29 nha may nhiét dién dét than
dang hoat déng, phat thai ra khoang 16 triéu tan tro, xi
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méi ndm. Lugng tiéu thu tro, xi thai tai cdc nha may nhiét
dién chi chiém khoang 48% [4]. Lugng tro, xi ton dong
dugc chua tai cac bai thai chiém dién tich dat, lang phi
nguén tai nguyén va gay 6 nhiém maoi trudng. Vi vay, viéc
nghién ctu tdn dung nguédn TB thai du thira dé thay thé
mét phan CS trong BTXM, gidi quyét tinh trang thi€u hut
CS la van dé thai su hién nay.

Trén thé gidi da c6 nhiéu nghién ctu sir dung TB lam
c6t liéu min cho via va BTXM [5 - 10], tuy nhién chua c6
nghién ctu nao vé HPC sir dung TB thay thé moét phan
CS va tng dung cho céng trinh bién. Muc tiéu chinh clta
nghién ctu nay la st dung (35 - 65)% TB thay thé CS trong
HPC, sau d6 danh gia dé thamion clo va udc tinh T, clla cac
coéng trinh BTCT & mai trudng bién. Bén canh d6, cac HPC
chiia 35% XL va 10% MS thay thé XM clng dugc nghién
cltu, danh gia dé so sanh vai cac bé tong HPC chira TB.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

2.1.Vatliéu

XM portland PC50 c6 cudng d6 nén & 28 ngay bang
52,5 MPa, khéi lugng riéng (KLR) bang 3,10 g/cm?, d6 min
Blaine bang 3.520 cm?/g phu hgp véi TCVN 2682:2020. TB

loai F c6 KLR = 2,26 g/cm?, chi s6 hoat tinh cudng d6 & 28
ngay bang 89,6% phu hgp va6i TCVN 10302:2014. XL ¢6 KLR
= 2,89 g/cm?, d6 min Blaine bang 5.150 cm?/g, chi s6 hoat
tinh cudng dé & 28 ngay bang 101,4% phu hop véi TCVN
11586:2016. MS c6 KLR = 2,15 g/cm?, d6 min Blaine bang
25,5 m?/g, chi s6 hoat tinh cudng dé & 28 ngay bang 112,6%
phu hgp véi TCYN 8827:2011. Phu gia siéu déo (SD) 3054
cla Cong ty TNHH Master Builders Solutions Viét Nam, cé
KLR = 1,09 g/cm?® phu hgp véi Tiéu chudn ASTM C494 loai
G.Da ddm (D) ¢ 5- 10 mm, KLR = 2,75 g/cm? d6 hut nudc
1,26%, thanh phan hat phu hop véi TCVN 7570:06. CS c6
mo-dun dé I6n M, = 2,76, KLR = 2,66 g/cm?, dé hut nudc
0,92%, thanh phan hat phu hgp vai TCVN 7570:06.

2.2. Thiét ké thanh phan BTXM

Thanh phan BTXM dugc thiét ké theo ACI 211.4R, gém
c6 HPC d6i chiing khong ¢é phu gia khoang (0TB), cac HPC
st dung 35%, 50%, 65% TB thay thé CS (35TB, 50TB, 65TB),
cac HPC st dung 35% XL va 10% MS thay thé XM (35XL,
10MS). Trong d6, TB thay thé CS theo thé tich, XL va MS thay
thé XM theo khéi lugng. Liéu lugng SD dugc diéu chinh dé
dam bao d6 sut muc tiéu la 12 - 14 cm. Thanh phan vét liéu
cla cac HPC dugc ghi trong Bdng 2.1.

Badng 2.1. Thanh phan vét liéu cda cac HPC cho 1 m?

Kihiegubétong | X(kg) | N(lit) | TB (kg) | XL (kg) | MS (kg) | C(kg) | D (kg) | N/CKD | SD (kg) | SN (cm)
0TB 5500 | 154 0 0 0 7424 | 1053 | 0,28 7,2
35TB 5500 | 154 | 220,8 0 0 4799 | 1.053 | 0,28 83
50TB 5500 | 154 | 3154 0 0 360,5 | 1.053 | 0,28 11,6 1214
65TB 5500 | 154 | 410,0 0 0 2411 | 1.053 | 0,28 14,9
35XL 3575 | 154 0 192,5 0 7338 | 1.053 | 028 5,8
10MS 4950 | 154 0 0 55 7236 | 1.053 | 028 63

2.3. Chuan bi mau va phuong phap thi nghiém

Cong tac duc va duéng hd cac mau BTXM thuc hién theo TCVN 3105:2022, cac mau sau khi duc dugc gil trong
khuén khoang 24+2h, sau d6 thao khudn va ngdm trong nudc cho dén ngay thi nghiém. S dung cac mau lap phuong
(100x100x100)mm dé xac dinh cudng d6 nén (R) va céc mau tru dxh = (100x200)mm dé xac dinh dé tham ion clo.

Thinghiém R_dugc tién hanh theo TCVN 3118:2022, két qua R_trén cac mau lap phuong (100x100x100)mm dugc qui
d6i vé mau tru dxh = (150x300)mm. R_dugc xac dinh 67, 28 va 56 ngay va két qua thi nghiém la gia tri trung binh cia 6 mau.

Thi nghiém dé tham ion clo (BTIC) dugc ti€n hanh theo va ASTM C1202, cac méau tru (100x200)mm dugc cat thanh cac
lat mau kich thudc dxh = (100x50)mm, dugc xtr ly quét chéng tham va hat chan khéng trudc khi thi nghiém. DTIC dugc xac
dinh & 28, 56, 90, 150 va 210 ngay va két qua thi nghiém la gia tri trung binh clia 3 mau.

Thai gian bat dau an mon c6t thép clia cong trinh BTCT (tudi tho st dung T ) & mai trudng bién do tham nhap ion clo

dugc udc tinh ti phuong trinh sau [11, 12]:

X
CS I:l —erf{mﬂ = CCr (1)

D(=D,, [tﬁj @

Trong dé: x - Chiéu day 16p bé téng bao vé (mm); erf - Ham sai s6; t - Thai gian bat dau an mon cét thép (nam); D

D,(1)-

a28’

Hé s6 khuyéch tan ion clo biéu kién clia bé tong & 28 ngay va & thai diém t (mm?/nam); theo Life 365 [11], D (t) dat gié tri nho
nhét khi t = 25 nam, khi t > 25 ndm thi D (t) = const; C_ - Nong d6 ion clo t&i han gay &n mon c6t thép (% khoi lugng bé tong
(KLBT)); C, - Nong do ion clo bé mat clia bé tong (% KLBT); m - Hé suy giam khuéch tan ion clo theo thai gian.

C., Phu thudc vao loai chat két dinh (CKD), véi cac HPC OTB, 35XL va 10MS, lay C_°™® = C_3* = C_ '™ = 0,45%CKD =
0,098% KLBT; d6i vai cac HPC chia TB, lay C. > =C"=C %*™=0,30%CKD = 0,076% KLBT [12].

D,(t) cGla caéc HPC ¢ thé tinh gan dung theo céac cong thuic thuc nghiém ti BTIC nhu sau:

D6i v6i HPC 0TB khéng ¢ phu gia khoang (PGK), tinh theo Hooton va cs [13]:
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D, = 0,88.DTIC®7 (10" m¥/s) 3)
DEi v6i HPC st dung TB, XL va MS, tinh theo Olek va cs [14]:
Da =2.10"PTIC +4.10" (m?/s) (4)

C, chl yéu phu thudc vao diéu kién phoi nhiém, theo TCVN 12041:2017, & vling thay triéu C, phu thuéc vao thoi gian
phoi nhiém t nhu sau:
C,,(t) = 0,483.t0208 (5)
Theo két qua nghién ctiu clia V. Q. Ho va cs [15] khi khao sét cac cong trinh BTCT ven bién khu vuc Da Nang & vung thuy
triéu, C, phu thuéc vao thai gian phai nhiém t nhu sau:
C,(t) = 0,291 o428 (6)
Trong nghién cu nay sé xét C cho ca hai truong hop theo TCVN 12041:2017 (C51) vatheoV.Q.Hovacs (CSZ).

3.KET QUA VA THAO LUAN

3.1. Cuong d6 nén

R ctia cac HPC qui d6i vé mau tru dxh = (150x300)mm dugc thé hién trén Hinh 3.1.
120
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Hinh 3.1: Cuong dé nén cua cdac HPC

R cla cac HPC chira TB, XL, MS déu cao hon HPC OTB, trlir cdc HPC 50TB va 65TB c6 R & 7 ngay nhé hon mét chut so véi
HPC OTB. Su'suy gidm R _ctia cdc HPC 50TB va 65TB & 7 ngay la do lugng SD sir dung nhiéu lam kéo dai thai gian dong két dan
dén phat trién cuong do cham. Tir 28 ngay Vvé sau, su gia tang R_ctia cac HPC chifa TB rét I6n va ti 1é thuan véi ham luong TB
st dung. Su gia tdng R_ctia HPC 35XL kém haon cac HPC chifa TB, trong khi HPC 10MS c6 su gia tdng R_cao nhét. &7 ngay,
R cla cac HPC 35TB, 35XL, 10MS tang lan lugt 0,9%, 2,7% va 7,6%; clia HPC 50TB va 65TB giam lan lugt 0,9% va 1,9% so Véi
HPC OTB. Trong khi & 56 ngay, R, cla cac HPC 35TB, 50TB, 65TB, 35XL va 10MS cao hon lan lugt 1a 11,1%, 14,3%, 15,7%, 9,5%
va 16,5% so v6i HPC OTB. Su gia tang R_clia cac HPC chifa TB, XL va MS la do ca ché chén khe va phan ing puzolan, cac hat
PGK min lap day khe hé gitia cac hat lam téng dé ddc, dong thdi phan ting puzzolan clia SiO, va Al O, c6 trong TB, XL va MS
v6i Ca(OH), thily héa tir XM tao ra cac san pham CSH, CAH lap day cac 16 réng, lam tang d6 déc chac dan dén gia téng R [1,
6, 15]. Déi véi cac HPC chia TB, mot lugng TB dong vai trd nhu CKD tham gia phan Gng puzolan lam giam lugng nuéc tu do
dan dén giam tilé N/CKD va gia tang R , lugng TB thay CS cang nhiéu thi lugng nudc tu do tiéu thu cang nhiéuvaR_ctia HPC
¢6 xu huéng gia tang cao hon.

3.2.Dé thamion clo

2500 { & EOTB  m35TB
a =50TB  m=65TB
?2000 | - =35XL  m1OMS
= et X
" o)
&2 — = =
5 1500 - — &
5 B -
5 e S
& 1000 { [P =
ﬁ h% = %]
by % <
500 o N &
b A Salwug) =
B Becele Bl B Ne Ba- B
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0 i

28 56 90 150 210
Thoi gian (ngay)

Hinh 3.2: B tham ion clo cda cic HPC

DTIC clia cac HPC dugc thé hién trén Hinh 3.2. BTIC ctia cac HPC chifa TB, XL va MS gidm rat sau so vai HPC 0TB. & 28
ngay, PTIC cGla cac HPC 35TB, 50TB, 65TB, 35XL va 10MS giam lan lugt tuong ting bang 59,2%, 65,2%, 70,2%, 51,9% va 89,4%
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so va&i HPC 0TB; & 90 va 210 ngay, su suy giam DTIC clia cac HPC nay so véi HPC 0TB lan lugt tuong tng la 84,8%, 87,8%,
91,3%, 63,2% va 91,7%; 88,0%, 91,4%, 93,9%, 66,3% va 92,5%. Theo phan loai ASTM C1202, BTIC & 28 ngay clia cac HPC
chtia TB va 10MS thudc mic rat thdp (< 1.000 cu-léng), ctia cac HPC OTB va 35XL & muc trung binh va thap (2.220 va 1.067
cu-16ng). BTIC ctia HPC 10MS gidm rat sdu & 28 ngay nhung sau dé ti & gidm thém khong dang ké so véi HPC 0TB. Nguoc
lai, PTIC clia cdc HPC chiia TB giam it han & tudi sém nhung lai giam rat sdu & tudi mudn, & 210 ngay DTIC cla cac HPC chua
TB tuong duong véi HPC 10MS. Muc dé giam DTIC theo thai gian ciia HPC 35XL I6n han HPC 10MS nhung nhé han cac HPC
chta TB, rd rang cac HPC chita TB hiéu qua nhét trong viéc lam gidm BTIC & tudi mudn. BTIC clia cadc HPC chira TB, XL va MS
gidm séau la do ca ché cheén khe va phan (ing puzolan nhu dé néu. Bén canh d6, nhg ham lugng AlLO, cao ma TB va XL con
c6 kha nang lién két cacion clo gép phan lam giam thém BTIC [1, 15]. K&t qua nay phu hop vaéi nghién clu trude day [7, 10].

3.3. Hé sé suy giam khuéch tan ion clo

Két qua tinh d6i D (t) tur DTIC clia cac HPC dugc thé hién trong Bdng 3.1.
Bang 3.1. Hé s6'D (t) va hé s6 m cta cac HPC

D_ (1072 m?%/s) "
HPC n - 2 N - - Hésé m R?
28 ngay 56 ngay 90 ngay 150 ngay 210 ngay )

0TB 3,07 2,48 2,30 2,16 2,03 0,224 0,946
35TB 2,21 1,11 0,86 0,75 0,71 0,724 0,932
50TB 1,94 0,95 0,77 0,64 0,62 0,732 0,928
65TB 1,72 0,83 0,66 0,59 0,56 0,736 0914
35XL 2,53 1,83 1,52 1,38 1,27 0,385 0,965
10MS 0,87 0,69 0,65 0,61 0,60 0,215 0,876

Tu cac hé s6 D (t) & Bdng 3.1, héi qui theo phuang trinh (2) xéc dinh dugc cac hé s6 m va hé s6 xac dinh R? clia cdc HPC va
dugc ghi trong Bang 3.1. Hinh 3.3 la d6 thi héi qui xac dinh hé s6 m ctia cdc HPC 0TB va 35TB, cac hé s6 m ctia cac HPC khac

dugc xac dinh theo cach tuong tu.

cac HPC ch¢a TB, lay m = 0,60.

4'0 ® 0TB thucnghiém @ 35TB thuc nghiém

354  ——0TB héiqui ——35TB hdi qui
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Hinh 3.3: Héi qui xac dinh hé sé'm cda cac HPC

Life 365 [11], hé s6 m khi tinh toan T_, khong vugt qua 0,60, cdéc HPC chifa TB c6 hé s6 m > 0,60, do vay khi udc tinh T clia

3.4. UGc tinh tudi tho clia cac cong trinh bé tong ¢St thép & méi trudng bién

Xét cong trinh BTCT & vung thay triéu, x

in

> 50 mm [12], chon x =50 -80 mm. Cac hé s6 D, & Bdng 3.1 dugc qui doi vé

(mm?2/nam). Két hgp cac phuong trinh (1), (2) va (5), (6) udc tinh dugc T , clia cong trinh BTCT cho hai trudng hgp C, va C

dugc thé hién trong Hinh 3.4.
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T, clia cac HPC udc tinh cho hai trudng hop C51(t) va
C,,(t) la xap xi nhau, sai s6 I6n nhat khoang 10%. Khi t < 70
nam, C (t) I6n hon C,(t) dan dén gidmT_, tuy nhién khi t >
70 nam, C51(t) lai nhoé hon ng(t) lam tang T, Cac HPC chua
TB, XL va MS cho T_, 16n hon rat nhiéu so véi HPC 0TB. D6i
v6i HPC OTB, khi x = 80 mm thi T_, chi dat khoédng 36 nam.
D6i véi cac HPC 35TB, 50TB va 60TB, chi can x_ =50 mm
d’é’TSd dat trén 120 ndm, trén 135 nam va trén 150 nam. Pai
v6i cac HPC 35XL va 10MS, can x = 60 mm dé T, dat trén
50 nam, can x = 70 mm dé T_, dat trén 75 ndm va can x =
80 mm déT_ dat khoang 100 nam.T_, clia cdc HPC chia TB,
XLva MS 16n hon lan lugt tuong Gng 7,3 - 10,8 lan, 2,5-2,9
lan va 2,7 - 3,2 lan so v6i HPC OTB. T_, clia cac HPC chita TB
I6n nhét la do ching cé hé s6 D, thap va hé s6 m I6n nhat,
HPC 10MS c6 D, rat thap nhung hé s6 m lai khanhé nén T,
giam dang ké so vai cac HPC chiia TB, HPC 35XL méc du ¢
D, cao hon nhung c6 hé sé m kha I6n nénT_ xap xi véi HPC
10MS. Két qua nay phu hgp vai cac nghién cdu [15, 16].

4, KET LUAN

Cac két luan dugc rat ra tir nghién cu nay nhu sau:

R, & 28 ngay cla cac HPC 35TB, 50TB, 65TB tdng (8,6
- 13,0)%, cta HPC 35XL tdng 8,5% va ctia HPC 10MS tang
14,8% so vai HPC OTB.

BTIC & 28 ngay cua cac HPC 35TB, 50TB, 65TB, 35XL va
10MS gidm lan luot tuang tng bang 59,2%, 65,2%, 70,2%,
51,9% va 89,4% so v&i HPC 0TB. DTIC & 28 ngay ctla cac HPC
chéaTB va MS thudc muic rat thap, ciia cac HPC 0TB va 35XL
thudc muc trung binh va thap.

T, cta cac HPC chiia TB, XL va MS 16n hon nhiéu lan
so v6i HPC 0TB. Cac HPC chita (35 - 65)% TB chicanx_, =
50 mm dé dat T, > 120 nam, cadc HPC 35XL va 10MS can x
=60 mm dé datT_ khodng 50 nam. Viéc st dung cac HPC
chiia (35 - 65)% TB thay thé CS va (ng dung cho cong
trinh bién 13 rat kha thi.

L&i cam on: Nghién ctu nay dugc tai trg kinh phi bai
Trudng Dai hoc Su pham Ky thuat - Pai hoc Da Nang trong
Pé tai ma s6 T2023-06-06.
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