GIA CUONG CAU KIEN DAM GEOPOLYMER BANG CFRP
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TOM TAT

Hién nay, cac cong trinh xdy dung dang phat trién ngay cang nhiéu, kém theo d6 1a van
dé 6 nhiém méi truong do san xuit xi mang dang 13 van dé cap thiét can duoc giam thiéu. Mat
khéc, cac cong trinh xay dyng hién hitu c6 nhiéu su ¢b xdy ra nhu nut, cong vénh dam, san, cot
hodc do nhu cau thay d6i céng ning cua cong trinh nén ta thuc hién cac bién phap gia cudng trén
cau kién can thiét. Bai bdo ndy nghién ctru vé kha ning chiu luc cua ddm Geopolymer gia cudng
tam CFRP va dong thoi xem xét dén kha ning 1am viéc chung cua tim gia cudng CFRP va dam
Geopolymer.

Tir khoa: tim CFRP; dam Geopolymer; kha ning chiu luc; gia cudng; 6 nhiém méi truong.
ABSTRACT

Portland cement is known as the main material of concrete which is the most important
material for building construction. Nowadays, the development of infrastructure led to the
requirement of the tremandous amount of Portland cement for concrete production. However the
cement manufacture is also one of the main causes for enviroment pollution. Moreover, some
phenomena such as cracking, warping, girder, floor, column occurred in the existing buildings
and the need to change the function of the building requires of strengthen on the building
structure. This paper on the strength of Geopolymer beam reinforcement CFRP sheet, on the
other hand, the joint capabilities between CFRP reinforcement and Geopolymer beam was also
studied.
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1. Pit van dé Khai niém “Geopolymer” dugc dua ra vao
nhitng nam 1970 boi nha khoa hoc Phép giao
su Joseph Davidovits [1]. Pay la mot loai vat
liéu rin tong hop dugc nho phan ung hoéa hoc
gitra aluminosilicate dang bot véi dung dich
Alkali. Vat liéu aluminosilicate dugc sur dung
Ia nhitng nguyén liéu c6 chua cic oxit cua
silic, nhom,...Tir phé pham cong nghiép
nhiét dién 1a tro bay, cat da, dung dich Alkali
va qué trinh polymer héa cua dung dich
2. Co s ly thuyét kiém va thay tinh Iong tao thanh bé tong
Geopolymer.

Hién nay céc sy cd thuong xuyén xay ra
trong cac cong trinh xay dyng nhu dam bi
cong vénh, nat, kha nang chiu lyc cia dam
khong du hoic do viéc thay doi cong ning
cua cdng trinh. Vi vay can c6 cac bién phép
hitu hiéu dé gia quyét cac van dé trén. Gia
cuong 1a mot bién phap kha thi dé giai quyét
C4c van dé trén.

2.1 Bé tbng Geopolymer
2.2 Vat liéu gia cwong CFRP



Bang 1. Cac ddac trung co hoc cua vat ligu CFRP su dung trong nghién cuu.

Cac dac trung co ban cua vat ligu CFRP Théng sb

Cuong do chiu kéo cuc han theo phuong cua sgi 986 (MPa)

Do dan dai cuc han 1,0%

Mo dun dan hoi 85,8 (GPa)
3. Chwong trinh thi nghiém cuong tim CFRP lén mau dam da duge duc.
Pic  miu  dim  c6  kich  thudc Viéc gia cuong tien hanh bang cach pha dung

200x300x3300mm sau d6 tién hanh dudng
ho nhiét cho dam ¢ nhiét 6 90°C trong 12
gio. Tiép tuc dudng ho dam trong diéu kién
thuong trong vong 7 ngay mai thuc hién gia

dich keo Epoxy véi ti 1¢ thich hop, chia tim
CFRP thanh cac kich thudc phu hop vai vi tri
can gia cuong. Tién hanh quét keo Epoxy Ién
bé mit gia cuong va tim CFRP sau d6 dan

tam CFRP vao vi trf can gia cuong.

4. Két qua nghién cieu dim Geopolymer khéong gia cwong

Bang 2. Két qud thi nghiém dam Geopolymer cdp phoi 1 va 2 khéng gia cwong.[2]

Cip phdi 1 dan 2 16p CFRP Cip phdi 2 dan 2 16p CFRP
P CV-L/4 | CV-L/2 BD - L/2 CV-L/4 | CV-L/2 BD-L/2
(KN) (mm) (mm) (ne) (mm) (mm) (ne)
0 0 0 0 0 0 0
10 1.835 2.03 76.31 1.89 2.035 92.73
20 2.745 3.2 109.16 2.94 3.325 663.64
30 3.685 451 366.11 3.87 4.685 1483.77
40 4.69 5.95 1048.11 4.825 6.135 1887.56
50 5.775 7.505 1637.37 5.815 7.61 2125.2
60 6.825 9.02 2137.76 6.78 9.06 2491.31
70 7.83 10.505 2606.27 7.76 10.52 2837.14
80 8.79 12.045 3359.75 8.765 12.04 3688.19
90 11.05 16.195 12.3 18.885
100 18.26 30.24 16.505 27.475

5. Dam Geopolymer gia cwong 1 16p CFRP

Bang 3. Két qua thi nghiém dam Geopolymer gia cuong 1 16p CFRP

Cip phdi 1 dan 1 16p CFRP Cip phdi 2 dan 1 16p CFRP
P (kN) CV-L/4 |CV-LI2|BD-L/2 | CV-L/4|CV-L/2| BD-L/2

(mm) (mm) (ne) (mm) (mm) (ne)
0 0 0 0 0 0 0
10 1.93 2.26 149.16 1.64 1.95 129.95
20 2.73 3.81 346.56 2.56 3.09 245.69
30 4.08 6.56 599.42 3.94 5.49 47751
40 5.07 8.33 880.06 4.58 6.99 813.49
50 5.87 9.49 1189.69 | 5.41 8.12 1096.56
60 6.69 10.82 1462.6 6.23 9.38 1308.62
70 7.86 11.98 | 1572.22 7.16 10.27 1439.99
80 8.95 13.8 1663.49 7.81 12.18 1567.51
90 10.05 14.98 | 1804.99 | 8.73 13.07 1723.03




100 11.29 17.72 1920.26 9.89 13.46 1797.38
110 12.21 20.71 2155.85 11.57 17.17 1983.24
120 15.53 22.21 2472.62 14.12 21.34 2210.63
125.07 17.67 25.83 3102.99 16.84 25.19 2790.77
127.55 18.14 29.74 3262.64

5.1. Chuyén vi cia dam tai vi tri L/2
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Hinh 1. Biéu d6 quan hé giiza liec va bién
dang tai vi tri L/2 cua dam Geopolymer gia
cuwong 1 lop CFRP.

Két qua thu duoc tir thuc nghiém cho
thay chuyén vi tai vi tri L/2 caa dam gia
cuong 1 16p CFRP dam duc ¢ cap phdi 2 nho
hon dam duoc dic boi cip phdi 1 khoang
13.7%. Khi tai trong 16n thi dam dac bai cap
phdi 1 ¢6 xu huéng chuyén vi 16n hon so voi
dam duoc dic boi cap phdi 2.

6. Dam Geopolymer gia cuong 2 l6p CFRP

5.2. Bién dang ciia dam tai vi tri L/2
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Hinh 2. Biéu do quan hé giiza liec va bién
dang tai vi tri L/2 cua dam Geopolymer gia
cuwong 1 lop CFRP.

Tuong ty bién dang tai vi tri L/2 coa
dam gia cuong 1 16p CFRP dam duc ¢ cap
phdi 2 nho hon dam dugc dac béi cap phdi 1
khoang 11%. Khi tai trong 16n thi dam duc
boi cap phéi 1 c6 xu hudng xay ra bién dang
tai vi tri L/2 16n hon so v&i dam duge dic

boi cap phdi 2.

Bang 4. Két qua thi nghiém dam Geopolymer gia cuong 2 16p CFRP.

Cip phdi 1 dan 2 16p CFRP Cip phdi 2 dan 2 16p CFRP
P (kN) CV-L/4 |[CV-LI2|BD-L/2 | CV-L/4A|CV-L/2|BD-L/2

(mm) (mm) (ne) (mm) (mm) (ng)
0 0 0 0 0 0 0
10 1.91 3.55 150.7 1.58 2.29 129.95
20 2.69 4.98 350.66 2.5 3.69 242.5
30 3.6 6.36 596.02 3.46 5.14 460.86
40 4.55 7.76 856.84 4.42 6.51 774.38
50 5.47 9.08 1096.41 | 5.26 7.71 987.91
60 6.36 10.41 | 1324.39 6.09 8.92 1203.36
70 7.33 11.93 | 1463.49 6.95 10.21 | 1325.58
80 8.25 13.41 | 1565.89 7.77 11.41 | 1456.49




90 9.13 14.74 1753.29 8.66 12.76 1604.79
100 10.14 17.24 | 17871 9.46 13.81 | 1626.93
110 11.22 19.12 | 1986.1 | 10.41 15.34 | 1862.64
120 12.55 21.59 2241.12 11.48 17.68 2041.31
130 14.25 24.96 3004.26 13.11 20.92 2687.6
140 16.5 26.56 3609.94 15.02 24.51 3079.8
143.87 16.65 27.08 3833.09
6.1. Chuyén vi cia dam tai vi tri L/2 200
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Hinh 3. Biéu d6 quan h¢ giira lyec va chuyén
Vi tai vi tri L/2 cua dam Geopolymer gia
cuong 2 16p CFRP,

Két qua thu duoc tir thuc nghiém cho
thiy chuyén vi tai vi tri L/2 caa dam gia
cuong 2 16p CFRP dam duc ¢ cap phdi 2 nho
hon dam duoc dic boi cap phdi 1 khoang
18%. Khi tai trong Ién thi dam duc boi cap
phdi 1 c¢6 xu huéng chuyén vi 16n hon so voi

dam dugc duc boi cap phdi 2.

6.2. Bién dang ciia dam tai vi tri L/2

dang tai vi tri L/2 ciia dam Geopolymer gia
cuwong 2 lop CFRP.

Két qua thu duoc tir thuc nghiém cho
thiy bién dang tai vi tri L/2 cua dam gia
cudng 2 16p CFRP dam dac ¢ cap phdi 2 nho
hon dam dugc duc bai cp phdi 1 khoang
12%. Khi tai trong I6n thi dim duc boi cap
phdi 1 ¢6 xu hudng xay ra bién dang tai vi tri
L/2 16n hon so véi dam duoc duc boi cap
phdi 2.

7. Dam Geopolymer (cap phéi 1) khong
gia cwong va gia cwong CFRP

7.1. Chuyén vi ctia dam tai vi tri L/2
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Hinh 5. Biéu do quan h¢ giiza luc va chuyén
Vi tai vi tri L/2 cua dam Geopolymer khong
gia cuong, gia cwong 1 va 2 lop CFRP.

Chuyén vi cua dim Geopolymer tai vi
tri L/2 khong gia cuong va gia cuong khi luc
tac dung dudi 80 KN gan nhu tuong duong
nhau. Khi luc tdc dung vao dam bang 90 kN
thi dam khong gia cuong CFRP ¢ chuyén vi
I6n hon dam gia cuong 1 16p CFRP 1a 8.12%
va dam gia cuong 2 16p CFRP 14 9.87%. Khi
luc tic dung vao dam dat 100 kN thi dam
khong gia cudng ¢ chuyén vi Ién va bi pha
hoai, ddm khong gia cudng c6 chuyén vi Ién
hon dam gia cudong 1 16p CFRP la 70.65% va
dam gia cuong 2 16p CFRP 12 75.41%.

7.2. Bién dang ciia dam tai vi tri L/2
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Hinh 6. Biéu do quan hé giia luc va bién
dang tgi vi tri L/2 ciia dam Geopolymer
khong gia cuong, gia cuong 1 va 2 lop

CFRP.

Tir biéu db cho thay bién dang tai vi
tri L/2 caa dam gia cuong 2 l6p CFRP phét
trién cham theo cép tai trong. Dam khong gia
cudng co bién dang Ion khi tai trong chi dat
80 kN trong khi d6 dam c6 gia cudng van gii
& muc bién dang cho phép trong kha ning

lam viéc cua dam.

7.3. Tai trong xuat hién vét nirt va tach 16p ciaa dam Geopolymer

Bang 5: Tdi trong xuat hién vét nit ciia dam Geopolymer cap phai 1.

Ciép phdi 1 Cip phdi 2
Thirtw | P1 P1-116p P1-2 16p P2 P2-116p P2-2 16p
vétnit | (kN) | CFRP (kN) CFRP (kN) | (kN) | CFRP (kN) CFRP (kN)
1 46 72.04 90.56 46 78.56 90.8
2 52 81.03 93.52 51 84.3 95.38




3 58 88.08 97.63 57 91.12 101.07
4 64 89.07 99.34 64 97.33 102.18
5 72 92.29 102.56 72 99.43 106.62
Téch 16p 121.11 124.2 121.93 124.8
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vét nirt xudt hién cia dam Geopolymer khong
gia cuong, gia cwong 1 va 2 lop CFRP.
Dim Geopolymer gia cudng cang
nhiéu 16p CFRP thi tai trong tac dung vao
dam dé gay ra su xuat hién cua cac vét nat
cang l6n. Dam gia cuong 1 16p CFRP luc tac
dung dé gay ra vét nut I6n hon dam khéng
gia cuong khoang 46.3%. Luc tac dung Ién
dam gia cuong 2 16p CFRP gay ra vét nut 16n
hon dam khong gia cuong khoang 68.5%
Diéu d6 cho ta thay kha niang lam viéc va
chiu tai trong ctia dam gia cuong CFRP ting
lén dang ké.
8. DaAm Geopolymer (cap phdi 2) khong

gia cwong va gia cwong CFRP

Hinh 8. Biéu do quan h¢ giiza luc va chuyén
Vi tai vi tri L/2 cua dam Geopolymer khéng
gia cuong, gia cuong 1va 2 lép CFRP.

Chuyén vi caa dam tai vj tri L/2 cua
cap phdi 2 doi véi dam Geopolymer c6 gia
cuong va khong gia cuong khi luc tac dung
vao dam nho hon 80kN gin nhu tuong
duong v&i nhau. Nhung khi lyc tac dung vao
dam dat 90KN thi dim khéng gia cuong co
chuyén vi rat Ion trong khi d6 dam gia cuong
chi chuyén vi nho. Tai ldc nay dam
Geopolymer khong gia cuong CFRP cé
chuyén vi Ién hon dam gia cuong 1 16p
CFRP 44.5% va dim gia cuong 2 16p CFRP
1a 48%. Khi luc tac dung 1&n 100kN thi dam
Geopolymer khong gia cuong bi pha hay va
c6 chuyén vi 16n hon dam gia cuong 1 16p
CFRP la 104.1% va dam gia cuong 2 16p
CFRP 12 99%.

8.2. Bién dang ciia dam tai vi tri L/2



200 —=#=BD2
—8-BD2 - 1 16p CFRP
BD2 - 2 16p CFRP

=
al
o

Tai trong P (kN)
H
o
S

a1
o

0 ;: T T 1
0 2000 4000 6000
Bién dang (ne)

Hinh 9. Biéu do quan hé girra lyc va bién
dang tai vj tri L/2 cua dam Geopolymer
khong gia cuong, gia cuwong 1 va 2 lop

CFRP.

Tir biéu do cho thidy dam CFRP gia
cudng c6 bién dang nho hon rat nhiéu khi tai
trong tac dung vao dim Geopolymer ting
dan. Dam Geopolymer khong gia cuong
CFRP ¢6 bién dang 16n hon dam gia cuong 1
I6p CFRP 112.6% va Ion hon dam gia cudng
2 16p CFRP 125.02%. Tir d6 cho thay dam
Geopolymer cé gia cuong CFRP ¢6 kha nang
chéng lai bién dang vuot troi so voi dam
Geopolymer khong gia cuong CFRP.

8.3. Tai trong xut hién vét niet va tach Iép

ciia dam Geopolymer
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Hinh 10. Biéu do quan hé giira lyc va thr tie
vét nizt xudt hién cia dam Geopolymer khong
gia cuong, gia cuwong 1 va 2 lop CFRP.

Tuong tu d6i véi dam & cap phdi 1,
dam Geopolymer gia cuong 1 I6p CFRP ¢6
tai trong xuit hién vét nat 16n hon dam
khong gia cuong CFRP khoang 57.22%.
Dam Geopolymer gia cudng 2 I6p CFRP ¢6
tai trong xuat hién vét nut Ién hon khoang
73.9% so voi dam khong gia cuong. Vi vay,
tam CFRP gia cuong 1am giam kha ning xuét
hién trén dim Geopolymer dang ké. Di voi
dam khi gia cuong mot 16p CFRP thi vét nit
dau tién xuat hién ¢ cip tai trong gan nhu
gap d6i khi tac dung vao dam.

9. Két luan

Tur két qua thuc nghiém cho thay, kha
nang chiu lyc cua dam Geopolymer gia
cuong hai 16p CFRP 16n hon dam khong gia
cuong 43.87% va dam gia cuong mot 16p
CFRP I6n hon dam khong gia cudng 27.55%
so v&i dam khong gia cuong. Piéu d6 cho
thiy dam gia cuong cang nhiéu 16p thi c6 kha
nang chiu lyc tot hon dim khong gia cuong.
Tuong tu V6i kha nang chiu lyc tét hon cua
dam gia cuong véi khong gia cuong thi kha
ning chdng lai chuyén vi va bién dang cua
dam gia cuong tai cac vi tri L/4 va L/2 ciing
t6t hon dam khong gia cuong.

Tai trong tac dung vao dam dé lam
cho tim gia cuong CFRP bi tach ra khoi dam
s0 v6i tong luc gy pha hoai dam dat khoang
95.6% & dam duoc gia cudng mot lép CFRP
va 86.7% ¢ dam gia cuong hai 16p CFRP.
Diéu d6 cho thay khi gia cudong CFRP vao
dam Geopolymer thi kha ning lam viéc
chung cua dam va tim gia cuong tuong dbi
tot.



Tu nhitng nghién ctru cua luan van, cac cong trinh dang dugc xdy dung hay

c6 thé &p dung ciu kién dam gia cudng vao chuyén ddi muc dich sir dung.
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