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TOM TAT

Bé tong geoplymer la vat li¢u xanh duoc nghién ciru dé thay thé bé tong xi méang. Bé tong
geopolymer ¢6 nhiéu tng dung trong két ciu cac cong trinh xay dung can dugc nghién cau va
phan tich danh gia chinh xac trong cac mé hinh tinh toan. Trong bai bao nay két qua thi nghiém
coc rong bé tong geopolymer & 06 muc nhiét d6 dudng ho khac nhau 40°C, 60°C, 80°C, 100°C,
110°C, 120°C trong 12 gio duoc so sanh véi két qua tinh toan Iy thuyét theo TCVN 5574:2012,
TCVN 7888:2014. Bé tong geopolymer duge dudng ho trong diéu kién dudng ho nhiét ém Két
qua thi nghiém cho thiy coc rong bé tong geopolymer va coc rong bé tong xi mang cung cap do
bén B45 cho cudng do chiu udn va chéng nit tuong duong nhau.

Tir khoa: iing xi# chiu udn, bé tdng geopolymer, coc rang geopolymer, duwéng hé nhiét am.
ABSTRACT

Geoplymer concrete is a green material studied to replace cement concrete. Geopolymer
concrete has many applications in the structure of construction work should be studied and
analyzed accurately in the calculation model. In this article the results of the geopolymer
concrete pile experiment at six different curing temperatures of 40°C, 60°C, 80°C, 100°C, 110°C,
120°C for 12 hours were compared with those of theoretical calculation according to TCVN
5574: 2012 , TCVN 7888: 2014. Geopolymer concrete is cured in warm moist conditions.
Experimental results show that concrete piles geopolymer concrete and cement piles at the same
level of durability B45 for equal strength bending and anti-cracking.

Keywords: flexural behavior, geopolymer concrete, hollow geopolymer piles, moist heat

1. GIGI THIEU
Gepolymer 1a san pham cua qua trinh

c6 kha ning dong ran nhanh va cho cuong do
ban dau rat tot voi tén goi la xi maéng

phan ung giira vat liéu c6 nguon géc silic va
nhém véi dung dich kiém c6 trong tro bay
thay ra tir viéc dét than cua nhitng nha may
cdng nghiép. Hién nay Geopolymer da va
dang duoc nghién ciu rong rdi va cho thay
kha ning 1a vat liéu xanh thay thé bé tong xi
ming trong mot sb ung dung do bé téng
geopolymer vira ¢d cac tinh chat ki thuat tét,
dong thoi giam kha ning gay hiéu tng nha
kinh khi thay thé xi mang pooclang.

Nha héa hoc nguoi Phap Joseph
Davidovits da nghién ctu va ché tao thanh
cong mot loai xi ming mai bang cach két
hop nguyén liéu sét va dung dich kiém hoat
tinh cao, tao thanh chat két dinh vo co méi

polymer. Cong ngh¢ nay nhanh chéng phat
trién trén toan thé gisi va dang c6 uu thé hon
xi mang protland do c6 uu diém vé nguyén
liéu san xuat va phuong phap san xuét than
thién véi moi truong [1-10]

Nghién ctu trong nudc:

TS.Phan buc Hung [11]: Kiém chang
Gtng xir chiu ubén cua diam bé tdng
geopolymer cét thép str dung tro bay. Bai bao
trinh bay so sanh két qua thuc nghiém voi
két qua tinh toan va md phong trén cac dam
bé t6ng cét thép sir dung bé tdng geopolymer
v6i tro bay la vat lieu nén. Két qua thi
nghiém da phan anh dung thyc té trong viéc
thiét ké cdp phdi. Can ctr cac yéu td anh



huong dén cuong do bé tong dé thi nghiém
va chon cap phdi phéi wu trude khi tién hanh
duc cau kién. Khi cau kién chiu tai trong dat
tr 80% tro 1én so voi tai trong pha hoai,
chuyén vi dam ting nhanh, nguyén nhan do
d6 cang cua dam giam manh do cac vét nut
phét trién nhanh. So véi két qua thi nghiém
thi két qua tinh toan ly thuyét thién vé an
toan va c6 thé sir dung phan mém mé phong
dé dy doan tng xir cua cau kién that.

- TS. L& Anh Tuin, TS.Nguyén Tan
Khoa,TS.Phan B¢ Hung [12]: Nghién cau
phan tich ung x& cua dam bé tong
Geopolymer bang phuong phap phan ter hiru
han. Sau khi nghién va thi nghiém rat ra cac
két luan nhu sau: Su sir dung phuong phap
phan t hitu han md phong qué trinh 1am
viéc cta dam bé téng geopolymer cot thép
cho két qua gan tuong dong véi thyc nghiém.
MG4i quan hé gitra cc tinh chét co hoc cua bé
téng geopolymer khi st dung mé phong sb 1a
tuong doi phi hop véi md hinh bam dinh,
diéu kién dinh bam nay ciing tuong tu khi sir
dung cho bé tong xi mang. Cac ung Xu Co
hoc ctia bé tong geopolymer ciing co tinh
chat tuong d6ng nhu bé tong xi mang.

2. NGUYEN VAT LIEU VA PHUONG
PHAP THI NGHIEM

Nguyén vat lieu s dung dic cau kién
coc rong bé tong geopolymer la tro bay, cat,
da va dung dich hoat hoa alkaline. Dung dich
hoat héa 1a su két hop gira sodium
hydroxide va sodium silicate.

Chon cap ph0| bé tong geopolymer c6
cuong do cao nhat mang ra duc cau kién coc
rong bé tdng geopolymer.

2.1 Cép phoi

2.1.1 Cép phéi miu GPC va OPC _
Bdng 1: Cap phoi duc cau kién coc rong GPC
(Lweong vat liéu trong Im3 bé tong.)
Ky P4 Cat Tro Na,Si | NaOH
hicu | (ko) | (kg) | P | ©Os | 16M
i (kg) (kg) (kg)
GPC1 | 1076 | 593 | 412,0 | 164,8 82,4

Bing 2: Cdp phoi diic cau kién coc rong OPC
(Lweong vt liéu trong Im3 bé tong.)

) Ximing | DPal1x2 Céat Nuéc
Ky hiéu
(kg) (kg) | (kg) | (kg)
OPC 937 1102 179 240

Bé tong mdu try OPC va GPC bang nhau
cuong do voi do bén 1a B45.

2.1.2 Cwong dd0 mau nén OPC va GPC

Mau bé tong lang try kich thudc 150x300mm
OPC va GPC sau khi duong ho theo dung
quy trinh va thi nghiém kha nang chiu nén,
cuong do chiu nén bé tong duoc quy doi vé
mau chuan l1ap phuong theo tiéu chuan nhu
bang 3

Bang 3: Tong hop cuwong do chiu nén cua
cac cdp phai bé tdng OPC va GPC

Cwong

Cép phéi | AL/IFA | SS/SH (rilgn chju
(MPa)
OPC 58,5
GPC1 0,6 2 58,20

2.2 Coc rdng bé tdng geopolymer

% Céu tao

Chon coc rong co6 duong kinh ngoai
300mm, duong kinh trong 140mm, chicu dai

1,5m, cbt thép doc 6d7.1, thép dai @3, dugc
bd tri nhu Hinh 1,2.

Hinh 1: Chi tiét mau coc ( Khuén miu va
Iong thép )




Hinh 2: Chi tiét cau tao ct thép doc va cét
thép dai coc rong OPC va GPC

% Ly thuyét tinh toan N
- Cuong do chiu udn cia coc rong:
theo muc 6.2.2.9va 6.2.2.12 cua TCVN 5574:
2012

M = (VbRbArm + RscAs,totrs)

+ RsAs tot PsZs
- MO0 men khéng nut: theo muc 7.1.2.4
cua TCVN 5574:2012
Mg = Rbt,seerl
- M6 men khéng gdy: theo TCVN
7888:2014 [5]

sinmé iy

My, = ,]-'SMcrc
+** Qui trinh sin xuat:

- Bué6c 1: chuin bj nguyén vat liéu,
khuon coc.

- Budc 2: nhio tron va duc cau kién.

- Budc 3: dudng ho nhiét 40°C, 60°C,
80°C, 100°C, 110°C, 120°C trong 12 giod, dat
mau trong didu kién ty nhién 20 ngay, sau do
dem di nén.

- Budc 4: thi nghiém do bén udn nit
than coc.

- Budc 5: thi nghiém do bén uén gy
than coc.

- Budc 6: Kiém tra d6 vong khi udn
nut than coc.

2.3 Phwong phap thi nghiém
< P bén udn nirt thin coc rong

Tién hanh gia tai dén khi coc xuat hién
vét nit c6 chiéu rong bang hoic 16n hon 0,1
mm. Ghi lai tai trong gay nut thuc té. So dd
thi nghiém nhu hinh 2

Hinh 3. So d6 thi nghiém d6 bén uén nat

Biéu thi két qua:

mL?
M= g +ﬂ
40 20
trong dé: M: Momen ubn nuat thuc té,
kKN.m;

P: Tai trong ubn gay nit, kN;

g: Gia téc trong trudng, 9,81 m/s?;
m: Khdi lugng coc, tan;
m=25x(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 rong

Phuong phép thi nghiém tuong tu nhu
x4c dinh do bén uén nut than coc nhung khi
gia tai khong dung lai khi xut hién vét nat
ma van tiép tuc gia tai d&én khi coc bi gy va
ghi lai tai trong Ion nhat.

% Kha niing chiu tai theo ly thuyét

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

Thép: Rs = 1300 MPa; Rs. = 500 MPa
Két qua tinh toan theo ly thuyét nhu bang 5:
Bang 4. M6 men tinh toan

20,2 30,3

* Ghi cha: Mtt: tinh toan theo TTGH 1
Mtt: tinh toan theo TTGH I
3. KET QUA
3.1 Kha ning bén mirt than coc

M6 men uén nit thue nghiém coc OPC
M".. = 20,82 kNm phi hop véi ly thuyét
tinh toan M"c = 20,2 kNm. Chénh Iéch nhau
3,07%.
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~ Hinh 4. Anh huong nhiét do dudng ho
den tai trong gay nut.

M6 men udn nat thue nghiém coc GPC
dudng ho nhiét 100°C trong 12 gio Mg =
20,88 kKNm phd hop véi md men uén nit
thue nghiém coc OPC 1a M. = 20,82 kNm.
Chénh léch nhau 2,9%.
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~ Hinh 5. Anh huéng nhiét do dudng ho
dén m6é men udn nut.

Khi coc dudng ho nhiét thip hon
100°C, cuong do vat liéu chwa dat tuong
duong cip do bén B45 (nhu tinh toan ly
thuyét), cho nén md men khéng udn va
khang nut thyc nghiém cho gia tri nhé hon
tinh toan theo ly thuyét.

Khi tang nhiét d6 dudng ho tir 40°C
dén 100°C, kha ning chiu uén nut ting
khoang 74%. Khi tiép tuc ting nhiét do
dudng ho tir 100°C dén 120°C kha ning
chiu udn nat ting khong dang ké, do vay
trong giai doan nay tang thém nhiét hoac
kéo dai thoi gian dudng ho thi hiéu qua
kinh té s& khong cao. Trong twong lai c6 thé
str dung bé tdng Geopolymer diic coc rong
GPC duong ho ¢ nhiét @ 100°C, trong thoi
gian 12 gio cho céc ciu kién bé tong sau
nay.

3.2 Kha ning bén gdy than coc

M6 men udn gdy thuc nghiém coc OPC
M™, = 36,96 kNm chua phu hop véi ly
thuyét tinh toan M",; = 30,30 kNm, sai léch
21,98 %..
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~ Hinh 6. Anh huéng nhiét d6 dudng ho
den tai trong uon gay than coc.

M6 men udn gay thuc nghiém coc GPC
dudng ho nhiét 100°C trong 12 gio MMy, =
33,66 kKNm phi hop véi md men ubn gy
thuc nghiém coc OPC 1a M™,; = 36,96 kNm,
sai léch 9,8 %.

B OPC

% GPC

OPC 40 60 80 100 110 120

Nhiét d6 dudng hé °C

~ Hinh 7. Anh huong nhiét do dudng ho
den mé men uon gay than coc.

Tai trong udn gay coc rong OPC cao hon
coc rong GPC, cho thdy kha ning dinh bam
cot lidu: cat, xi mang, thép cua CcoC rong
GPC kém hon coc rong OPC. Nhung véan dé
nay c6 thé cai thién khi diéu chinh ti I¢ dung
dich  alkaline/tro bay va ti 1€
Na2SiO3/NaOH.

Ciing twong tw md men udn nat, khi ting
nhiét d6 dudng ho tir 40°C dén 100°C, mo
men udn gdy ting khoang 69%. Nhiét do
dudng ho tir 100°C dén 120°C kha ning chiu
udn gay ting khong dang ké, do vay trong
giai doan nay tang thém nhiét hoac kéo dai
thoi gian dudng ho thi hiéu qua kinh té s&
khéng cao. Trong twong lai c6 thé str dung bé
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tong Geopolymer diic coc rong GPC dudng
ho & nhié,t do 100°C, trong thoi gian 12 gio
cho céc cau kién bé tong sau nay.

Biéu db tii trong udn giy nit -giy coc GPC

160
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Tai trong uon mint - giy ( KN)
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0
T8Coc1,2 | TBCpc3,4  TBCocS56 TB Coc T8 Coc 9,10

(a0°c) (60°C) (80°C) 7,8(100°C) (110°c)
——nirt| 2058 37.80 77.82 89.42 90.58 91.72
—Ga3y| 4351 92.04 108.04 146.21 147.25 14768

3.3M& men udn nit — gdy tr thuc
nghiém

Bicu dé mé men udn nirt - gay coc GPC

40

30

MO MEN NUT - GRY [KN)

TBCoc1,2 | TBCoc34 | TBCocS5.6 T8 Coc TBCoc 9,10 | TB Coc 11,12
(40°c) {60°C) (20°C) 7,8(100°C) (110°C) {120°C)
—nNirt 5.39 9,27 18.27 2088 2114 214
—Gly 1055 2147 2507 3366 33.89 3399

Hinh 8: M6 men ubn nit — gay

Tém lai: Nhiét d6 dudng ho tir 40°C dén
nhigt d6 100°C, cuong d6 ubén nut ting
khoang 77%, cudng d6 udn giy ting khoang
70%, md men udn nut tang khoang 74%, md
men udn gdy ting khoang 69%. Nhiét do
dudng ho tir 100°C dén 120°C cuong do tang
khong dang ké, do vay trong giai doan nay
tang thém nhiét hoac kéo dai thoi gian dudng
ho thi hiéu qua kinh té s& khéng cao. Trong
tuong lai c6 thé sir dung bé téng Geopolymer
dic coc rong GPC dudng hd & nhiét do
100°C, trong thoi gian 10 gio cho céc cau
Kién bé tdng sau nay.

3.4 Pp vdng khi udn nit coc réng OPC
va GPC
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Hinh 9: Biéu dd do vong khi uén nut ciia coc
rong OPC va GPC

Do vong khi uon nit thuc té cua coc rong
OPC va coc rong GPC chénh léch nhau doi
VoI coc rong OPC duong ho nhiét o 120°C va
coc rong OPC ¢ nhiét do phong 32°C dén 35
°C trong vong 28 ngay dudng ho. Cu thé:

- Coc GPC vong 11,96 mm

- Coc OPC vdng 11,55 mm

3.5 Tai trong udn niet va do vong khi uén

nirt
141
E12 11.96
k=1
ES 10 9.40
.,g 8
E 6 608 6.73
7%‘1 4
= 2.79
o 2
[ 1.22
0 —
2058 37.80 77.82 8942 9058 91.72
Tai trong uén gay mirt (kN)

Hinh 10: Biéu dd tai trong va do vdng udn
nut

Po vong tang theo tai trong udn nut, cho
thdy cau trdc co ly cia coc rdng GPC & nhiét
d6 dudng ho thap tir 40°C dén 80°C khong
bén vitng. Luc d6 d6 vdng chua cao thi coc
xay ra hién tuong riang nit coc ( vét nat &
=1mm). Khi duong ho ¢ nhiét @6 tr 100°C
dén 120°C coc c6 do bén cao va do vong tang
Ién khi xuét hién vét nut.

3.6 Md men uén nit va do vong khi uén
nut
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Hinh 11: Biéu d6 m6 men va d6 vong ubn
nut

Tai trong va m6 men tang ty I¢ thuan khi
dudng ho nhiét do ting dan, do d6 vét nat
xuat hién thi d6 vong ting theo. Nhiét do
duong ho 40°C thi @6 vong 1,22 mm, mo
men ubn nat 5,39 kN.m, khi nhiét do dudng
ho tang 1én 120°C thi d6 vong tang 90 %, mo
men tang 75%.

4. KET LUAN:

Bai bao trinh bay anh huong cua nhiét do
dudng ho dén ng xur cua coc rong bé téng
Geopolymer. Trong d6, coc rong bé tong
Geopolymer duoc ché tao va dudng ho ¢ 6
mac nhiét do tir 40°C dén 120°C. Coc bé
tong xi bang c6 cung cap do bén ciing dugc
san xuat va thi nghiém lam co s& so sanh.
Mot s6 két luan dugce rat ra nhu sau:

- Mau bé téng Geopolymer dudng ho nhiét &
100°C trong vong 12 gio cho cuong d6 chiu
nén tuong duong véi mau bé tong xi ming
va ca 2 dat cap do bén B45. Ca 2 cap phdi
nay duoc dung dé san xut coc bé téng rong.

- Coc rong GPC dudng hé nhiét ¢ 100°C cho
két qua m6 men khang uon, md men khang
nit twong dong vai coc rong OPC c6 cung

TAI LIEU THAM KHAO

cép do bén chiu nén, trong khi md men udn
gdy cua coc rong OPC lén hon caa coc rong
GPC nay khoang 9,7%.

- Tir két qua thuc nghiém, xac dinh lai dugc
quan hé gitra m6 men ubn nit va md men
udn gdy cua coc réng GPC cho ting trudng
hop nhiét d6 dudng ho.

- Nhiét d6 dudng ho tir 40°C dén 80°C trong
12 gio khong du cung cap nhiét leong dé vat
ligu dugc polymer héa hoan toan do do
cuong d6 va kha ning chiu udn cua coc
khong cao va chua dat gia tri téi wu. Nhiét 4o
dudng ho 16n hon 100°C khéng c6 loi vé mit
kinh té.

Nghién ctu trén tao tién dé cho viéc tng
dung coc réng GPC rong rai trong cac cong
trinh xay dung thap tang, cao tang, nham dua
coc rong bé téng Geopolymer tng dung rong
rdi trong nganh xay dung. Str dung nguyén
liéu c6 san thai ra tir cac nha may nhiét dién,
vé6i gia thanh thap, giam thiéu nhitng tac hai
do 6 nhiém mai truong gay ra.

Thuc té cho thay, viéc st dung bé tong
gepolymer dé san xuat cac cau kién bé tong
duc san nhu dam, cbng, tam panel, tim lat
via hé... 1a rat phd hop, vin ddm bao chat
luong,lam giam thiéu 6 nhiém méi truong,
tiét kien kinh phi, can dugc dau tu nghién
Ctru VA & rong cac (ng dung. Can tiép tuc
nghién ctru dic tinh caa cau kién GPC ciing
nhu tim ra nhing chi dan tinh toan cy thé vé
loai coc nay dé c6 thé thwong mai hoa san
phdm & quy md Ién va phat trién trén thi
truong hién nay cling nhu trong tuong lai./.
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