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TOM TAT

Bé tong geopolymer 1 vt liéu c6 cac tinh chdt co Iy tirong ti nhur bé tong xi méng truyén thong
va thé hién tinh wu viét ciia mét logi vdt liéu xanh vi khdng can si dung xi mang. Ngoai ra tinh
gion cua bé tong geopolymer c6 khd ndng dwoc khac phuc bang sei poly propylene. Bai bao
nghién cizu sei poly propylene c6 chiéu dai 19mm dwoc bé sung véi ham heong 0%, 0.5%, 1%,
1.5% va 2% theo thé tich dé danh gia danh hwong cua sei dén khd nang chiu uon va chong cat
cua cau kién coc rong bé téng geopolymer. Két qua cho thiy, bé tdng geopolymer sir dung soi
poly propylene véi ham lwong tir 0 dén 2% cai thién tét ca md men uon nit, md men uon gay va
kha ndng chong cdt qua nhung cho thdy chwa c6 dau hiéu dat gia tri téi wu. Mdc khéc két qud
ciing cho thay khd nang chiu uon va chong cat cua coc rong bé téng geopolymer khd tiwong dong

VGi coc rong bé tong xi mdng khi cé cing cdp do bén khéng gia cwong soi.
Tir khoa: iing xi# chiu udn, bé tdng geopolymer, soi poly propylene.
ABSTRACT

Geopolymer concrete is the material with physico-mechanical properties similar to cement
concrete pile yet having the advantages of eco-friendly materials because of the absent of
cement. Besides, the shortness of geopolymer concrete can be reduced by reinforce it with
polypropylene fiber. The research paper examines when concrete mixture added 19mm
polypropylene fiber at 0%, 0.5%, 1%, 1.5% and 2% in portion to analyse bending and shearing
strength of hollow geopolymer concrete pile. The result shown that geopolymer concrete pile
with the mentioned mixture with reinforce fiber strengthen bending-crack, bending-break and
shearing resistance however it is yet to reach maximum value. On the other hand, examination
result also shows that bending and shearing resistance of hollow geopolymer concrete pile are
very similar with hollow cement concrete pile when having equivalent tensile strength (without

reinforce fiber)

Keywords: flexural behavior, geopolymer concrete, poly-propylene fiber.



1. GIOI THIEU

Hién nay, viéc nghién ctru ing dung vao
thuc tién cac vat lieu xanh, than thién vai
moi trudng nham han ché hiéu ang nha kinh
ngay cang duoc phat trién, dic biét 1a vat lidu
bé tong geopolymer. Vit liéu nay dang dugc
nghién ctu chang minh c6 cac tinh chit co
hoc tuong tu nhu bé tong truyén théng, ngoai
ra nd con gidp xu ly trir lwgng 16n nhitng phu
pham cua nghanh céng nghiép nhiét dién la
tro bay. Bé tong geopolymer da dugc gido su
Joseph Davidovit nghién ciu va giéi thiéu
vao nhirng nam 1970 [1,2]

Cac két qua nghién ctru thuc nghiém cho
thdy ung xir va cudong do cua cac cau kién bé
téng geopolymer gdc tro bay khd twong dong
nhu bé tong truyén théng[3-6]. Tinh gion cua
bé tong geopolymer la mot dic diém va co
kha ning khac phuc bang céc soi nhu poly
propylene. Su lam viéc cua bé tdng
geopolymer gia cudng ct soi phan bé trong
cau kién can duoc nghién ctu dé tir do xac
dinh duoc ham luong soi tdi wu voi cap phéi
duoc lya chon lam tang cac dac tinh c6 lgi va

han ché nhugc diém cua bé tdng geopolymer.

Bai bao xac dinh anh huong cua soi poly
propylene dén kha niang chiu uén va chdng
cit cua cdu kién coc rdng bé tdng
geopolymer. Soi poly propylene dugc su
dung véi ham lugng 0%, 0.5%, 1%, 1.5% va
2% theo thé tich phan bd ngau nhién trong
qué trinh nhao tron bé tbng geopolymer va

kiém chang kha ning chiu uén ciu kién coc

duoc tinh toan theo TCVN 5574:2014 va
phuong phap thuc nghiém tham khao theo
TCVN 7888:2014.[7-8]
2. NGUYEN VAT LIEU VA PHUONG

PHAP THI NGHIEM
2.1 Nguyén vat liéu

% Cot lidu da

ba st dung la da Bién Hoa c¢o
Dmax=20mm, khéi luong riéng D=2,7 g/lcm®,
khdi lwong thé tich 1,62 g/cm®. Cac chi tiéu
co ly dap tng TCVN 7572:2006 va
7570:2006.

Bang 1. Thanh phan hat cia da (trong
100kq)

Cd sang (mm) | 20 10 5

Luong sot trén
. 2 48 100
san (kg)

% Cot ligu cat

Céat s dung la cat sdng, khéi lugng
riéng 1a 2,67g/cm®, khéi luong thé tich 14 1,7
g/cm?®. Cat str dung cho bé tong c6 chi tiéu co
ly dap ung theo TCVN 7572:2006 va
7570:2006. [9-10]

«» Tro bay

St dung tro bay loai F c6 ngudn gbc tir
nha may nhiét di¢n dia phuong, khdi luong
rieng 2,5g/cm®, dd min 94% lugng lot qua

sang co co sang 1a 0,08 mm.

Bang 2. Thanh phan héa hoc tro bay

SiO| Al | Fez | Ca | K:O | Mg

P 2 O3 O3 O +Nas
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31,9

3,48

1,02

0,81

++ Dung dich hoat héa

Dung dich hoat hoa 1a su két hop gitta
sodium hydroxide (NaOH) va sodium
(NazSiOs).
hydroxide, NaOH dang vay ran duoc hoa tan

silicate Dung dich sodium
vao nudc theo néng d6 16mol/l cho trudc.
Dung dich c6 mau tring duc c6 do tinh khiét
trén 90% va khéi luong riéng l1a 2,13g/cm®.
Dung dich sodium silicate su dung véi ham
lwgng Na20 va SiO2 dao dong tir 36 + 38 %,
ty trong 1.42+0.01 g/ml.

2.2 Cép phdi

¢ Bé tbng OPC

Cép phdi bé téng xi mang cho coc OPC
d6i ching ¢6 cap do bén B45.

Bang 3. Thanh phan trong 1m? bé tong.

) NaO
iy Cat | Tro | NazSiO H
Ky a
bay 3
hi¢u | (kq) (kg 16M
) | (ko) | (ko)

(kg)

GPC | 107 412,
593 164,8 | 82,4

1 6 0

< Cwong d mau nén OPC va GPC

Mau bé téng geopolymer va bé tong Xi
mang sau khi dudong ho dugc dua di thi
nghiém thi nghiém xac dinh cuong d6 chiu

nén bé tong nhu bang 5.

Bang 5. Cuong do chiu nén cua bé téng

OPC va GPC
CP | AL/FA | SS/SH Rb
(MPa)
OPC 58,72
GPC1 0,6 2 58,20

Mugi | Phu
XM | Cat | Pa | Nuwée | ]
silic | gia
(ko) | (kg) | (kg) | (lit) )
(kg) | (lir)
432,21 739,4 | 1120 | 80 | 37,59 | 3,76

Ti 1€ CKD:C:D:N:PG = 1:1,57:2,38 : 0,17

0,008

“ Bé tong GPC
Cap phdi bé téng xi ming cho coc GPC
c6 cp d6 bén B45.

Bang 4. Thanh phan trong 1m?® bé tong.

Két qua thuc nghiém cdng tac nén mau
xac dinh cuong do bé tobng geopolymer va bé
tong xi mang twong dwong cap do bén B45.
Cép phdi nay phi hop véi muyc tiéu nghién

ctru ché tao coc rong cudng do cao.

2.3 Coc rong bé tdng geopolymer

% Cau tao

Chon coc réng co duong kinh ngoai
300mm, dudng kinh trong 140mm, chiéu dai
1,5m, cdt thép doc 6d7.1, thép dai @3, duoc
bé tri nhu Hinh 1.
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Hinh 1. Ciu tao thép coc

% Ly thuyét tinh toan
- Cudng do chiu ubn caa coc rong:
theo muc 6.2.2.9 va 6.2.2.12 ciia TCVN
5574: 2012

sinmé,;
M = (VbRbArm + RscAs,totrs) B

+ RsAg 1ot PsZs

- M6 men khang ntt: theo muc 7.1.2.4
cua TCVN 5574:2012
Mgy = Rbt,seerl

- M6 men khéng gdy: theo TCVN
7888:2014
My, = 1,5M .

% Qui trinh san xuit:

- Budc 1: chuan bi nguyén vat liéu,
khuén coc.

- Buéc 2: nhao tron va dac cau kién.

e Soi PP duoc lam téi nhuyén ra
truge khi tron phdi liéu kho)

e Tron kho phéi liéu gom cat, da,
tro bay, va soi PP. Sau do6 cho
dung dich Na2SiOs va NaOH
VAo tiép tuc tron déu va duc cau
Kién coc.

- Budce 3: dudng ho nhiét (tinh dinh 48
gio; dudng ho nhiét ¢ 100°C trong 12 gio),
dat mau trong diéu kién ty nhién 20 ngay,
sau do6 dem di nén.

- Budc 4: thi nghiém d6 bén udn nut
than coc.

- Budc 5: thi nghiém do bén udn gay
than coc.

- Budc 6: thi nghiém bén cit than coc.

2.4 Phwong phap thi nghiém
< P9 bén udn nirt than coc réng
Tién hanh gia tai dén khi coc xuit hién
vét nit c6 chiéu rong bang hoic 16n hon 0,1
mm. Ghi lai tai trong udn gay nat thyc té. So
dd thi nghiém nhu hinh 2
—l

!

P

e

3M10L 3M10L
1/6L 350 1151
L

Hinh 2. So d6 thi nghiém d6 bén uén nat
Biéu thi két qua:

gml*> 3PL

M= +—
40 20

trong d6: M: Mdmen uén nat thyc té, kN.m;

P: Tai trong udn gay nut, kN;

g: Gia tdc trong truong, 9,81 m/s?;

m: Khéi lugng coc, tan;
m=2,52(D —t), tan;

L: Chiéu dai coc, m;

D: Buong kinh ngoai than coc, m;

t: Chiéu day thanh coc, m.

< P bén udn gay than coc réng

Phuong phap thi nghiém tuong tu nhu
xac dinh d6 bén udn nat than coc nhung gia
tai dén khi coc bi pha huy va ghi lai tai trong
phé hay I6n nhat.

< Kha ning chiu tai theo ly thuyét

Bé tong B45: Ry = 25 MPa; Rotser = 2,2
MPa.



Thép: Rs = 1300 MPa; Rsc = 500 MPa
Két qua tinh toan theo ly thuyét nhu bang 6:

Bang 6. M0 men tinh toan

Mtt (kNm) Mcrc (kNm) Mbr (kNm)

9,69 20,22 30,33

* Ghi cha: Mtt: tinh toan theo TTGH |
Mtt: tinh toan theo TTGH 11

3. KET QUA
3.1 Kha niing bén nit than cec

Kha ning chiu tai coc OPC cap do bén
B45 theo thuc nghiém phu hop véi két qua
tinh toan. Két qua ciing cho thdy md men
uén nat thuc nghiém MU coc GPC gia
cuong sgi 0% tuong duong kha nang chiu
uén nat thyc nghiém coc OPC B45 thdng
thuong.
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Hinh 3. Anh hudng ham luong soi dén
tai trong gay nut Perc

M6 men uén nut thuc nghiém M coc
GPC gia cuong soi 0% phu hop véi mé men

uén nat thuc nghiém M coc OPC.
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Hinh 4. Anh huéng ham luong soi dén

mo men udn nirt Mg

M6 men uén nat thue nghiém coc GPC
gia cuong soi 0% dat M"¢c = 20,16 kNm,
khi tang ham lugng sgi 1én 2% thi mé men
udn nit M ting 40,01%.

3.2 Kha ning bén gdy than coc

M6 men uén gay thuc nghiém M. cia
coc GPC gia cuong soi 0% tuwong d6i phu
hop v&i md men udn nat thuc nghiém M
coc OPC, chénh léch xap xi 11,48%.

170

Tii trong giy P (kN)

OPC 0.0

Ham hrong s¢i PP gia cirong (%)
Hinh 5. Anh huong ham luong soi dén
tai trong gay Per

M6 men udn gdy thuc nghiém coc GPC
gia cuong sgi 0% dat M™yr = 33,78 kNm, khi



tang ham luong soi 18n 2% thi m6 men udn
gdy MM ting 37,37%.
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Hinh 6. Anh hudng ham luong soi dén

md men ubn gay M™ o

Két qua thuc nghiém phan anh tuong ddi
dung thyc té trong viéc thiét ké cap phdi coc
bé tdbng geopolymer va coc bé téng xi mang
OPC thong thudng c6 cap do bén B45 cho
két qua vé kha ning chiu tai (md men udn

nat, ubn gay) gan nhu phu hop.

3.3 Kha ning bén cit than cec

Kha nang bén cat Q"¢ cua coc bé tong
GPC gia cuong soi 0% dat 43,10 kN, gia tri
nay tuong duong voi coc OPC, chung to su
tuong ddng trong wng xur va kha ning 1am
viéc cua cua OPC va GPC khong gia cuong

Soi.

Khi tang ham luong Soi gia cuong lén
2% thi kha ning bén cit Q" ting lén
41,58%. Chung to sgi PP gia cuong cé kha
ning lam ting suc chiu tai coc ca vé kha

nang chju uén va chéng cit.
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Hinh 7. Anh huéng ham luong soi dén

II_IC Cét Qtn cu

Ham luong soi 2% chua cho duoc gia tri
cuc tri ctia kha nang chdng cit va chiu udn
nirt ciing nhu udn gay cua cau kién. Do d6
can cd thém céc nghién ctu dé tim ra ham
luong tbi wu.

3.4 Quan hé giira lwc cit coc va chuyén vi
twr thuc nghiém
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Hinh 8. Mdi quan hé giita Qu™ va

chuyén vi coc GPC

Anh huéng cua ham luong soi PP dén
kha niang bén cat théng qua chuyén vi cua thi
nghiém. Kha ning chiu tai cua cau kién cang
I6n khi dat t6i cap tai va chuyén vi nhat dinh

cau kién méi xuit hién vét nat. Chuyén vi



duoc xac dinh khi xuit hién vét nut bé rong
Wc=0,1mm .
3.5 Quan h¢ luc gay nit udn va chuyén vi
tir thuc nghiém
Tuong tu nhu muc 3.4 kha nang chiu tai
ctiia cau kién cang lén khi dat t6i cap tai va
chuyén vi nhit dinh ciu kién mai xuat hién

vét nit.
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Hinh 9. Méi quan hé luc gay ntt uén P

va chuyén vi coc GPC
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Moment ubn nit Mt* . (KNm)

Hinh 10. Méi quan h¢ md men udn nut

M®ere va chuyén vi coc GPC

3.6 Quan hé giita md men udn nit M"crc
va m6 men uon gay MMy,

Tu thuc nghiém ta tim lai quan hé gitra

Mmbr ~Y Mtncrc

Ham

lwong Mt%rc | MMpr

soi PP | (KNm) | (kNm) |
(%0)

0 2016 | 33.78 | 1,68
05 | 21,99 | 36,84 | 1,68
10 | 2382 | 39,04 | 1,64
15 | 2667 | 4157 | 1,56
20 | 2822 | 4641 | 1,64

Véi céc két qua thuc nghiém cé thé ude

lwong quan hé M™Mp, — M

M, = (1,56+1,68) M™M¢re

Ngoai ra khoang gia s6 (1,56 — 1,68) c6
gi4 trj trung binh xap xi gia tri 1,5 duoc cho
trong TCVN 7888:2014. Diéu nay khing

dinh do tin cay cao.

4. KET LUAN

Mau tru bé tong geopolymer dudng ho &
100°C trong thoi gian 10 gio cho cuong d6
chiu nén twong duong bé tong xi mang ca 2

dat cap do bén B45.

M6 men uén nat thuc nghiém M phu
hop véi md men udn nut tinh toan cho ca 2
truong hop coc OPC va GPC khong gia

cuong soi.

Coc réng GPC gia cudng sgi 0% dudng
ho nhiét & 100°C trong 12 gio cho MM, va
Q" twong ddng Vai coc rdng OPC ¢ cling

cap do bén chiu nén, trong khi mé men udng



gy cua coc rong OPC lén hon cia coc rdng  rong GPC cho tung trudng hop ham lugng
GPC khoang 11,48%. soi gia cuong MMy = (1,56+1,68) MM

Tur két qua thuc nghiém, xac dinh lai

dugc quan hé gitra M"c va MM, ctia coc
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