BAI BAO KHOA HQC

- NGHIEN CUU XAC PINH HAM LUQNG COT SQILHQPLY
PE CHE TAO BE TONG CO KHA NANG CHIU NEN VA CHIU UON TOT,
BEN TRONG MOI TRUONG BIEN

Nguyén Quang Phu'

Tém tit: Si dung cét soi Poly-Propylene, phu gia khodng va phu gia siéu déo thé hé méi thiét ké
thanh phan bé téng cot soi c6 cwong dé chiu nén va chiu kéo uon tot, bén trong méi truong bién.
Khi thay thé chdt két dinh bang 25% tro bay, két hop lwong ding phu gia siéu déo hop Iy sé ché tao
dwoc bé tong cot sgi ¢ mdc chéng tham dat W12 d@én Wi4 va cuong do nén dat trén 40MPa khi
ham heong soi tiv 0.5+1.0%. Bé tong thiét ké ddp immg dwoc cdc yéu cau ky thudt dimg cho mét sé
hang muc céng trinh Thity loi ¢6 yéu cau chong tham cao va cuong dé chiu nén cao.

Tir khoa: Bé tong cdt soi; Tro bay; Phu gia siéu déo; Chdng tham nudc.

1. PAT VAN PE

Hau hét cong trinh xay dung hién nay duoc
su dung cac vat li¢u bé tong thong thuong, bé
tong cuong dd cao, bé tong tinh nang cao....... ,
tuy nhién bé tong la loai vat li¢u gion, kha ning
chiu kéo va udn kém (Pham Duy Hitru, 2011;
Eng. Pshtivan. 2011). Trong nhirng hang muc
cong trinh xdy dung, két cAu bé tong ngoai kha
nang chiu nén tot thi kha nang chiu kéo va udn,
cling nhu kha ning déo dai chéng niit, bén trong
cac moi truong lam vi¢c khac nhau can duoc
nghién ctru dua vao su dung mdt cach rong rai
hon (Nguyén Quang Pha, 2015). Vi vay can
phai sir dung mot loai bé tong dam bao day du
ca tinh chiu nén, chiu kéo va ubn cao, bé tong
c¢6 kha ning chdng nut t6t, bén trong moi truong
nude chua phén, moéi truong nude cd tinh xam
thuc cao, dac bi¢t 1a mdi truong nudce bién c6
tinh xdm thuc bé tong rat manh (Nguyén Quang
Phu, 2017). Bé tong ¢t soi duoc thay thé mot
phan cot liéu bang cdt soi trong khi thiét ké cap
phdi. Tuy nhién, véi loai bé tong nay doi hoi
kha ning kéo udn tot, khang nit va bén trong
cac moi truong lam viéc khadc nhau thi ham
luong ¢t soi pha tron bao nhiéu 1a hop 1y, qua
d6 ché tao dugc mot loai bé tong cbt soi (BTCS)
dap ung duoc yéu cau xdy dyng hién nay can

' Bé mén Vit liéu xay dung, Khoa Cong trinh, DHTL

duogc nghién ctru va thi nghi¢ém mot cach hét stre
nghiém ngat.

Viét Nam c6 diéu kién thoi tiét phirc tap, bat
loi cho cong trinh xay dung néi chung va két
cdu bé tong cot thép ndi riéng. Su xam thuc
manh ctia moi truong gay ra hién tugng ri thép,
bong troc 16p bé tong bao v¢ va lam giam suc
chiu tai ciia hé thong két cdu chiu luc bang bé
tong cot thép. Trong két cdu cong trinh Thuy
loi, sy xam thyc cua modi truong da lam cho
nhiéu cong trinh c¢6 két cau bang bé tong cdt
thép nhu cac cong dudi dé, dap, cong dap xa
lan di dong ving dong bang song Ctru Long va
va céc cong trinh bé tong & mién Tay Nam Bo,
cac cong trinh bé tong ven bién...... xudng cip
nghiém trong, khong dam bao tudi tho thiét ké.
Ngoai ra, nhitng thay d6i do yéu cau st dung
thuong c¢6 xu huéng bat loi ddi vdi két cau
cong trinh hién hiru doi hoi viéc thyc hién céc
giai phap stra chita, nang cdp hodc thim chi
thay méi két cAu cong trinh. Viéc nghién ciru
cac giai phap cong nghé bé téng chat luong cao
dé duy tri va phuc hdi sy lam viéc binh thudng
cia két cdu cong trinh Thuay loi bang viéc st
dung bé tong cdt soi trong thi cong 1a mot yéu
cau can thiét.

Pé tai nghién ctu st dung loai soi Poly-
Propylene (PP) v&i cac chiéu dai khac nhau, véi
cac ham luong soi khac nhau dé thiét ké thanh
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phan bé tong cdt soi. Thong qua mot s chi tiéu
co 1y ciia bé tong cdt soi thiét ké, xac dinh ham
luong ¢t soi hop 1y dé thiét ké bé tong co kha
nang chiu nén, chiu kéo udn tdt, bén trong moi
truong bién.

2. CAC LOAI VAT LIEU SU DUNG
TRONG THi NGHIEM

Céac vat lidu chinh dé ché tao bé téng bao
gdm: xi ming, cat, di, nudc, loai phu gia

khoang, phu gia hoa hoc va cdt soi PP. D¢ tai sir
dung mot sd vat lidu co sin tai phong nghién
ctru Vat liéu, Vién Thuy cong, Vién Khoa hoc
Thuy lo1 Vigt Nam dé 1am céc thi nghiém.

2.1. Xi mang

Pé tai s dung xi ming PC40 Kim Pinh c6
gi6i han bén nén & tudi 28 ngay dat 49.2 MPa. Két
qua thi nghiém mot s chi tiéu co 1y clia xi ming
nhu trong bang 1.

Bang 1. Tinh chit co Iy ciia xi ming

STT Chi tiéu thi nghiém Phwong phap thir | Pon vi Két qua

TNo

1 Khéi lwong riéng TCVN: 4030-2003 g/cm3 3.12
2 Do min (Lugng sét trén sang 0,09) TCVN: 4030-2003 % 3.2
3 | Luong nudc tiéu chuan TCVN: 6017-1995 % 29.1
Thoi gian bit dau dong két TCVN: 6017-1995 phut 112

4 | Thoi gian két thuc dong két TCVN: 6017-1995 phut 316
5 | Do 6n dinh thé tich TCVN: 6017-1995 mm 2.1

Gi6i han bén nén tudi 3 ngay TCVN: 6016-1995 N/mm’ 36.0

6 Gi6i han bén nén tudi 28 ngay TCVN: 6016-1995 N/mm’ 49.2

Nhdn xét: Xi mang PC40 Kim Dinh dat yéu cau k¥ thuat theo TCVN 2682:20009.

2.2. Cat

Cat tir cong trinh Nudc Trong duoc dua vé
Phong nghién ctru vat li¢u - Vién Thuay cong -
Vién Khoa hoc Thay lgi Viét Nam dé thi
nghiém. Cat thi nghiém 1a cat loai vira, két qua
thi nghiém tinh chat co Iy cua cat dugc trinh bay
trong bang 2

Bang 2. Tinh chit co' Iy cia cat

Nhdn xét: Cat dung ché tao bé tong cd cac
chi ti€u co ly phu hgp TCVN 7570:2006.

2.3. Pa dam

D4 dam granit dung thi cong cong trinh Nude
Trong da duoc dé tai thuc hién thi nghiém, da
dam c& hat (5-20)mm c6 thanh phan hat dat tiéu
chuan TCVN 7570-2006. Tinh chit co 1y cia da
dam dugc trinh bay tai bang 3

STT | Chi ticu Pon vi Kbt qua thi Bang 3. Tinh chit co 1y ciia d4 dim
nghiém STT | Chi tiéu thi | Pon vi | Két qua thi

1 | Khéi luong g/em’ 2.67 nghiém nghiém
riéng 1 | Khéi luong glem’ 2.75

2 | Khéi lwong | glem® 1.61 riéng
thé tich x6p 2 Kl}éi lugng g Jemd 1.68

3 | Do hong % 39.7 thé tich xop
Ham lugng % 0.96 3 Ham hrong % 0.58
bui, bun, sét bui, bun, sét
Mo dun d6 1on - 3.06 4 | Ham luong % 18.2

6 | Tapchithitu co - Dat thoi det

7 | Thanh phan - Pat 5 | Ham lugng % 1.10
hat hat mém yéu
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STT | Chi tiéu thi | Pon vi | Két qua thi
nghiém nghiém
6 | Bo hut nudc % 0.43
7 | Thanh phan hat - Dat

Nhdn xét: P4 dam c6 cac tinh chat co Iy dat
TCVN 7570:2006.

2.4. Nudc

Nudc sir dung trong ché tao bé tong 1a nudc
sinh hoat str dung tai phong thi nghiém VLXD -
Vién Thuy cong. Nudc dé tron va bao dudng bé
tong dat tiéu chuan TCVN 4506:2012.

2.5. Cot s¢i Poly-Propylene

Trong pham vi nghién clru, sgi Poly-
Propylene (PP) dugc dung dé ché tao miu véi
nhiéu ty 1€ chiéu dai soi trén duong kinh soi1
(I/d) khac nhau. Hinh dang va dac tinh loai so1i
duoc trinh bay trong hinh 1 va bang 4.

Hinh 1. Soi Poly - Propylene

Bang 4. Dac tinh sgi Poly - Propylene

Khéi | Mé |Cudn
Loai Puon | Chiéu T 18 lwong | dun | g do
so’i g kinh| dai l/d. riéng dz‘}n chiu
* | (mm) | (mm) (kg/ | hoi | kéo
m’) |(MPa)|(MPa)
Soi PP| 0.05 5 100 | 910 | 3500 | 700
10 | 200
15 | 300
20 | 400
25 | 500

2.6. Phu gia khoang

Str dung phu gia khoang la tro bay Pha Lai.
Phu gia khoéang 1a tro bay s€ c6 tac dung thay
thé mot phan xi ming dé giam kha ning xam
thuc cua bé tong khi lam viéc trong moi truong
nudc cd cac tac nhan gay xam thuc, dac biét la
moi trudng bién. Két qua thi nghiém tinh chat
co 1y cua tro bay dat yéu cau theo TCVN10302:
2014 duoc thé hién & bang 5.

Bang 5. Tinh chit ky thuét ciia tro bay Pha Lai

Két qua
STT| Chi tiéu thi nghiém |Pon vi thi
nghiém
1 [Po 4m % 0.28
2 [Luong nudc yéu cau % 27.8
3 [Khdi lugng thé tich xbp kg/m’ 944
4 |Ty trong g/em’ 2.24
5 |Ham luong mat khinung | % 3.08
6 |Ham lugng SiO2 % 50.98
7 |Ham lugng Fe203 % 10.34
8 |Ham lugng ARO3 % 31.27
9 |Ham lugng SO3 % 0.15

2.7. Phu gia héa hoc

Pé hdn hop bé tong ctia cap phdi ddi ching
(bé tong khong pha cbt soi PP) co tinh cong tac
t6t, c6 kha nang dam chat t6t thi hdn hop bé
tong phai dat duge do sut tir 18+22cm, hon hop
bé tong khong c6 su phin tang va tach nudc, bé
tong can phai st dung phu gia siéu déo giam
nude bac cao gdc Polycacboxylate (PC). Ly do
hdn hop bé tong can c¢6 d6 déo cao va khong
phan ting ngay tir dau vi soi PP ¢6 duong kinh
rat nho ¢& 50 micromet, tinh hip phu nudc bé
mat 1én, lam can tré su dich chuyén cua cac vat
liéu trong hon hop bé tong, s& lam gidm tinh
cong tac cua hdn hop bé tong xudng rat thap. Dé
tai st dung phu gia si€u déo giam nudc bac cao
Grace ADVA 181, day la phu gia siéu déo giam
nude bac cao thude thé hé 3, luong dung theo
huéng din cta nha cung cip. Tuy nhién can
phai thi nghiém dé xac dinh ty 1¢ pha tron hop
1y dam béao tinh cong tac yéu cau ctia hdn hop
bé tong cdt soi thiét ké.
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3. THIET KE THANH PHAN BE TONG
COT SQI PP

Céc cap phdi bé tong cbt soi duoc thiét ké theo
phuong phap ACI 211-4R: 1993. Ham luong cot
soi PP 1an luot 13 0.5%; 1.0% va 1.5% cta chat
két dinh cho cac cip phdi khac nhau, ky hiéu S0.5,

S1.0 va S1.5. Trong thiét ké da thay thé 25% chat
két dinh 14 tro bay (theo khéi Iwong). Tron cac hdn
hop bé tong v6i cap phdi da thiét ké, tién hanh xac
dinh d6 luu dong theo TCVN 3106:2007. Két qua
thiét ké thanh phan vat liéu cho cac cap phéi thiét
ké nhur trong bang 6.

Bang 6. Thanh phin vit li¢u ciia cac cAp phoi bé tong thi nghiém

_— Xi | Tro | ADVA T c4t | Pa | Nuée | Sei PP | Do sut
TT | Ky hi¢u mang bay 181 (kg) (kg) (lit) ikg) (émi
(kg) | (kg (lit)
1 PPO 345 115 4.8 781 1108 173 0 22.5
2 PP1-S0.5 345 115 4.8 781 1108 173 2.3 21.0
3 PP1-S1.0 345 115 4.8 781 | 1108 173 3.6 20.0
4 PP1-S1.5 345 115 4.8 781 | 1108 173 6.9 18.0
5 PP2-S0.5 345 115 4.8 781 | 1108 173 2.3 19.0
6 PP2-S1.0 345 115 4.8 781 | 1108 173 3.6 18.5
7 PP2-S1.5 345 115 4.8 781 | 1108 173 6.9 17.5
8 PP3-50.5 345 115 4.8 781 | 1108 173 2.3 18.0
9 PP3-S1.0 345 115 4.8 781 | 1108 173 3.6 17.5
10 | PP3-S1.5 345 115 4.8 781 | 1108 173 6.9 17.0
11 | PP4-S0.5 345 115 4.8 781 | 1108 173 2.3 17.5
12 | PP4-S1.0 345 115 4.8 781 | 1108 173 3.6 17.0
13 | PP4-S1.5 345 115 4.8 781 | 1108 173 6.9 17.0
14 | PP5-S0.5 345 115 4.8 781 | 1108 173 2.3 18.0
15 | PP5-S1.0 345 115 4.8 781 | 1108 173 3.6 18.0
16 | PP5-S1.5 345 115 4.8 781 | 1108 173 6.9 18.0

Ky hiéu cdp phéi bé tong: PPO: Céap phdi bé
tong ddi chimg (khong co cdt soi); PP1: chiéu
dai soi 1 = 5mm; PP2: chiéu dai soi | = 10mm;
PP3: chiéu dai soi | = 15mm; PP4: chiéu dai soi
1 =20mm; PP5: chiéu dai sgi | = 25mm.

4. KET QUA THi NGHIEM VA NHAN XET

4.1. Thi nghiém cwong d§ nén va cwong do
kéo khi udn

Tron cac hdn hop bé tong véi cap phdi da
thiét ké, tién hanh dic mau thi nghiém duoc ché
tao va bdo dudng theo TCVN 3105:1993. buc
cac mau hinh lap phuong: (15x15x15)cm dé xac
dinh cudng do nén cua bé tong sau 28 ngiy tudi
theo tiéu chuan TCVN 3118:2012. Pé thi
nghiém cudng do kéo khi ubn, mau kiém tra c6
kich thudc hinh ling try (10x10x40)cm, xac
dinh cudng do kéo khi ubn cua bé tong sau 28

ngay tudi theo TCVN 3119:2012. Két qua thi
nghi¢m duoc thé hién trong hinh 2.

50

s

Hinh 2. Biéu do cwong do nén va cuong do kéo
khi uon cua cdc cap phoi bé tong cot soi PP

m Cuong d6 nén, Rn28
(MPa)

m Cuong d6 kéo khi uén,
Ru28 (MPa)

«

Nhdn xét: Két qua cho thay khi sir dung ham
luong so1 0.5% thi cwong d§ chiu nén tang, tuy
nhién khi tang ham lugng soi 1€n 1% va 1.5%
thi cuong do chiu nén lai c6 xu hudng gidm cho
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cac loai so¢1 c6 ty 1€ 1/d tur 100 dén 500. Su tang
cuong do chiu nén trong khoang 7% dén 11%
khi ham luong soi sir dung 14 0.5% va tot nhat
dbi v6i cap phdi sir dung loai soi c6 Vd bang
200 (Cap phdi PP2-S0.5): Rn ting 11%. Hau hét
cac cap phdi sir dung ham luong 1.5% déu nho
hon so v&i cap phdi khong soi (PP0) va sy giam
cuong do 16n nhat 1én dén 12.5% xay ra doi véi
cap phdi sir dung loai soi c6 I/d bang 500.

+ Khac véi kha nang chiu nén, cudong do chiu
udn ctia bé tong cbt soi PP ting theo ham luong
so1 su dung voi tat ca cac ty 1¢ 1/d cua soi Poly-
Propylene, két qua thé hién trén hinh 2 cho thay
khi ham luong soi 1a 1.5% c6 cudng do udn 16n
nhit, cuong d6 ubn ting 1a 11.9%, 14.7%,
30.3%, 20.8% va 17.7% lan luot cho cac ty 18
I/d 1a 100, 200, 300, 400 va 500. Cip phdi st
dung loai s¢1 ¢o6 ty 1¢ 1/d 1a 300 véi ham luong
1.5% thi cuong do chiu udn dat 8.98MPa, tang
30.3% so véi cap phdi khong soi.

4.2. Thi nghiém mac chong tham

Trong qua trinh thi nghiém mac chéng thim
ctia bé tong cdt soi PP, vi diéu kién vé thoi gian
va kinh phi trong giéi han cho phép nén nhom
nghién ctu chi dic cac miu thor mac chéng
thAim cho cap phdi PP2-S0.5 va PP3-S0.5 dé
kiém tra. Pay 14 02 cip phdi c6 ty 1& I/d va ham
luong cbt soi 13 hop 1y, cho cudng do bé tong
cao nhat ma dé tai da Iya chon.

Cac mau thr mac chong tham c6 kich thude
(D15xH15). Mau duoc biao dudng 28 ngay
trong diéu kién tiéu chuan, sau d6 tién hanh
kiém tra mac chéng tham theo TCVN
3116:2007.

Két qué thi nghiém cho thiy ca 02 cap phdi
bé tong cbt soi déu dat WI2+W14. V4i mac
chdng tham dat gia tri rit cao nhu trén thi bé
tong khi pha cbt sgi PP trong nghién cru da dap
tmg duoc yéu cau st dung cho cac cong trinh
Thuy loi.

5. KET LUAN

Tir cac két qua thi nghiém vé do sut ctia hdn
hop bé tong, cuong do nén va kéo khi ubn cua
céc cap phdi bé tong cbt soi PP cho thay:

+ Hdn hop bé tong cbt soi PP ¢6 do luu dong
giam so voi cap phdi khong soi. Ham luong soi

tang 1én thi 6 luu dong giam xudng. Tuy nhién
tat ca cac cap phdi nay déu khong co hién tuong
phan t?lng, tach nude, do sy c6 mat cua cdt soi
lam cho hdn hop bé tong co tinh gitr nudc tot
hon, dam béo tinh cong tac theo yéu cau thiét ké.

+ So v6i bé tong khong c6 cdt soi PP thi bé
tong cdt soi co cudng do nén va udn ting véi
ham lugng soi PP khoang 0.5 dén 1%. Khi ham
luong soi PP tang 1én dén 1.5% thi cuong do
nén lai giam di ro rét.

+ Ty 1 chiéu dai/duong kinh sgi PP ciing
anh huong dén tinh chat cua bé tong cot soi. Ty
1€ I/d c6 gia tri hop ly hon céd trong khoang tu
200 dén 300.

+ Thong qua cic két qua thi nghiém dat
duoc, co thé st dung so1 PP c6 céc chi ti€u co ly
nhu bang 4 voi ham luong soi khoang 0.5 dén
1.0% va c6 ty 16 Id tir 200 dén 300 1a hop 1y.

+ Vi¢c tang cao cuong do chiu kéo udn cua
bé tong khi st dung soi PP, dong thoi ciing
lam tang do déo dai, tdng kha nang khang nut
duoi tac dong cua tai trong va khang nirt do co
ngot, khi d6 cho phép lam giam dang ké chiéu
day bé tong.

+ Nghién ctru ché tao thanh cong loai bé tong
c6t soi v6i nhiéu vu diém vuot trdi so véi bé
tong thong thudng nhu: ting cuong d6 kéo udn
va cuong do nén, khang nut tét, bén véi khi hau,
bé tong c6 do déo dai cao,... Khi st dung soi PP,
bé tong s& han ché bién dang mém, gitp cho kha
nang khang va dap tot hon.

+ Pé duy tri duoc tinh Iuu dong ctia hdn hop
bé tong va bé tong dat dugc cuong dd cao thi
phu gia siéu déo giam nudc bac cao nhat thiét
phai dugc str dung dé ché tao bé tong cdt soi.
Chiéu dai soi, cling nhu ham lugng cot soi phai
ty thudc vao méac bé tong thiét ké va cac yéu
cau k¥ thuat khac kém theo.

+ Pé xuat sir dung bé tong cbt soi thay thé
két cAu bé tong cdt thép thong thuong cho mot
s6 hang muc cong trinh nham @ng dung vao
thuc té xdy dung, dam bao thi cong tot, c6 thé
ding cho cac 16p phu c6 bé mat co cudng dd
cao nhu: dudng bing, san bay, dudng cao tdc,
dap tran, chong thdm, sira chita va gia cudong két
cAu dam, cu, tunel, cac két cau phai chiu trong

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 61 (6/2018) 27



tai cao hodc chiu tai trong hon hop, dic biét 13 thuc cia mdi truong nudc nhu mot s6 két ciu bé
cac cong trinh thuong xuyén chiu tac dong xdm  tong cac cong trinh Thuy loi.
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Abstract:

STUDY ON DETERMINATION OF REASONABLE FIBER CONTENT TO DESIGN
THE FIBER REINFORCED CONCRETE COMPONENT WITH HIGH COMPRESSIVE
STRENGTH AND FLEXURAL STRENGTH, DURABLE IN THE MARINE
ENVIRONMENT

Using the Poly-Propylene fiber, mineral additives and new generation superplasticizer to design
the fiber reinforced concrete component with high compressive strength and flexural strength,
durable in the marine environment. When the binder by 25% Fly ash replacing, combined using of
reasonable superplasticizer, the fiber reinforced concrete will be manufactured with waterproof
achieved W12+W14 and over 40MPa compresive strength when the fiber content of 0,5 ~ 1%. The
designed fiber reinforced concrete to meet the technical requirements for some of Irrigation works
requires the high waterproof and high strength.

Keywords: Fiber Reinforced Concrete; Fly ash; Superplasticizer; Waterproof.
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