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TOM TAT

Bai bao nay gidi thiéu két qua nghién ctru vé sy anh hudng cua hat nano-silica va sgi polyme trong két cAu bé
tong. Muc tiéu nghién ciru 1a danh gi4 anh huéng cta thanh phin hat nano silica dén cac tinh chit co hoc cia
vt liéu bé tong nén, ddnh gid anh hudng cta ty 1¢ hat nano silica va ty 16 ham lugng soi polyme dén céc tinh
chat co hoc cuia bé tong, danh gia kha ning lam viéc ctia sgi polyme va cac hat nano silica trong bé tong nén,
danh gi4 kha nang g dung ctia bé tong sgi co gia cuong hat nano silica trong cac két cau bé tong. Nghién ctru
thyc nghiém dugc tién hanh tai Phong thi nghiém Vat li¢u xay dung, Khoa K¥ thuat xay dung, Truong Dai hoc
Bach Khoa TP.HCM vdi cac vat lidu thi nghiém hién c6 tai Viét Nam. Str dung phan mém SAP2000 dé mo
phong tmg xtr cua cdu kién thanh mong dé danh gia kha ning 1am viéc cta bé tong cbt soi polyme. Két qua khi
sir dung ham lugng silicafume tir 5 dén 10% va ham luong nano tir 1 dén 3% thi s& lam giam do sut trong bé
tong dong thoi ciing lam ting cuong d cua bé tong. Khi st dung ham lugng silicafume tir 5 dén 10%, ham
luong nano tur 1 dén 3% va ham lugng soi tu 1 dén 2% thi dd sut ctia bé tong bi gidm xuéng, cuong do udn tang
tir 15 dén 20% va cuong do nén thi khong doi.

Tir khéa: Két cAu bé tdng, nano-silica, s¢i polyme.

I. DAT VAN PE

Hat nano-silica va sgi polyme trong céc
nganh xdy dung van chwa dwgc quan tim
nhiéu, c6 mot sd tac gia van co nghién ciu
nhung van chua cy thé. Tuy nhién, nghién ciru
sy anh hudng cua hat nano-silica va sgi
polyme trong két cau bé tong van con han ché,
mot sb hoc gia da nghién ciru vé mire do tuong
quan gitra ham lugng soi polyme va cuong do
ubn 1a rat 16n R* = 0,998 chung to rang chung
c6 mdi quan hé véi nhau rat 16n (Shah va cong
su, 1986); Két qua cia nghién cu cho thay
cuong do nén, cuong do udn cua bé tong duoc
cai thién rat nhiéu do c6 sy tham gia ciia ham
lugng nano-silica. Mdc khéc, nghién curu ciing
cho thay rang dic tinh va kha ning lam viéc
ctia bé tong cot liéu tai sinh gidng véi bé tong
thong thuong khi c6 sy tham gia cua ham
luong 3% nano-silica (Sudhirkumar V. Barai
va cong su, 2014); Két qua cho théy, khi co
ham lugng cta cac hat nhom kim loai, hydro
tao ra co thé gy ra mot s6 vét nit 16n trong bé
tong, c¢6 thé 1am giam tinh chat co hoc ctia bé
tong. Tuy nhién, v6i viéc st dung dong thoi

cac so1 nano-silica va soi s€ cai thién duogc tinh
chat co hoc cia bé tong nén (R.Yu, P.Tang va
cong su, 2014); Nghién ctru nay trinh bay thi
nghiém hiéu qua két hop cua viéc st dung
nano silica va cac soi thép d6i véi cac tinh chat
co hoc cua bé tong nang. Nano-silica dugc su
dung nhu 12 mot vat liéu dé thay thé xi ming
bang cac ham luong 1%, 1,5%, 2%, va 4%, va
soi thép duoc sir dung thay thé vao thé tich
chiém chd cua bé tong bang 0,45%, 0,9% va
1,35% (Ahmed S. Elboghdadi va cong su,
2015); Ham lugng nano-silica c6 thé 1am giam
kha ning ma sat va mai mon cua vat li€u soi
khi c6 ham lugng 10% nano-silica tham gia
trong bé tong nén (W. Osterle va cong su,
2016). Cho dén nay cac nghién ctru di sir dung
ham lugng nano-silica 3% so véi ty 1€ xi mang
két hop v6i ham luong soi (soi polyme, chét
thuy tinh, cac loai phu gia, vat li€u tai sinh, tro
bay, xi than, hat nhém kim loai) dé gia cudong
vao bé tong di cho két qua di cai thién duoc
cuong do nén va cuong do udn cua bé tong.
Mic khac, c6 nghién cuu chi st dung ham
luong soi polyme gia cuong vao bé tong dé
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danh gia mirc do twong quan khi két hop soi da
cho két qua cai thién dugc cuong do udn cua
bé tong. Ciing c6 nghién ctru st dung su két
hop ctia ham lugng 10% nano-silica va sgi
polyme dé danh gia kha ning chiu ma sat va
mai mon cua vat liéu soi da cho théy két qua
lam gidm kha nang bi ma sat va mai cua vat
liéu soi khi c6 ham lugng 10% nano-silica
tham gia trong bé tong nén. Tir nhitng nghién
ctru trén cho thdy viéc nghién ctru anh hudng
ctia hat nano-silica va soi polyme dén cudng
dd nén, cuong do udn, bién dang va mo dun
dan hdi trong két cau bé tong chua dugc dé cip
trong nghién ctru. Trong bai bao nay, chung t6i
nghién ctru anh hudng ctua hat nano-silica va
soi polyme trong két cAu bé tong.
II. PHUONG PHAP NGHIEN CUU
2.1. Muc tiéu

Nghién ctru danh gia anh hudng cua thanh
phﬁn hat nano silica dén cac tinh chit co hoc
ciia vat liéu bé tong nén; Nghién ctru anh
huong cua ty 1€ hat nano silica va ty 1€ ham
lugng soi polyme dén céc tinh chat co hoc cua
bé tong; Nghién ctu kha nang lam viéc cua
soi polyme va cac hat nano silica trong bé
tong nén.
2.2. Phwong phap

Thanh phan cép phdi bé tong dugc tinh
toan theo cfip do bén B25, ty 1€ nudc — chét két
dinh 14 0,4, st dung phu gia déo, cac thanh
phan dugc tinh toan theo 3 giai doan nhu sau:

a) Giai doan 1: Cép phdi cho bé tong xi
mang voi phu gia khoang Silicafume ham
luong 0%, 5%, 10% theo khdi luong xi mang.

b) Giai doan 2: Tir két qua tdi wu & giai
doan 1, cap phdi cho bé tong xi ming, phu gia
khoang Silicafume, nano silica ham luong 0%,

1%, 2%, 3% theo khbi lugng ximang.

¢) Giai doan 3: Tur két qua t6i wu O giai
doan 2, cip phdi cho bé téng xi mang, phu
gia khoang Silicafume, nano silica voi sgi
polyme ham lugng 0%, 0,5%, 1%, 2% theo
thé tich bé tong.

Phuong phép xéc dinh cac tinh chat cua vat
li¢u nhu sau: phuong phap xac dinh cuong do
nén (Rn), phuong phap xac dinh cudng d6 ubn
(Rxu), phuong phap xac dinh cuong do6 modun
dan hoi (Eo) va bién dang (¢), Phuong phap mo
phong két cau bang phan mém SAP2000.

2.3. Vit li¢u

Nguyén vat liéu thuc nghiém: Xi mang
podclang PCB40, d0 min phai phu hop voi cac
tiéu chuan TCVN 2682-91 va TCVN 2682-89;
Cat voi modun dd 16n 1,85, khoi lugng riéng
2,67 g/cm3 , khéi luong thé tich 1,62 g/cm3 . Cat
dung cho nghién ctu phai thoa man cac yéu
cdu cua TCVN 7572:2006 “Cat xdy dung —
Yéu cau k¥ thuat”; B4 dugc sir dung c6 Dmax
1a 20 mm, khoi luong riéng 2,78 g/cm3, khéi
lwong thé tich 1a 1,5 g/cm’; Phu gia déo c6 tac
dung gidm luong nudc nhao tron, tao cho bé
tong co6 do sut tot. Phu gia st dung c6 ngudn
gbc hdn hop lignosulfonat. Khéi luong thé
tich: 1,14 - 1,16 kg/lit. Liéu luong sir dung 0,8
- 1,2 1it/100 kg xi mang; Hat silicafume dugc
sit dung nham ting cudng kha ning chiu luc,
ham lugng mudi silic trong bé tong tur 5 - 15%
ham lwong xi mang. Theo tiéu chuin My
ASTM C 1240-93; Nanosilica dugc st dung
trong cic mau thi nghiém 1a san pham Silica
cac yéu té k¥ thuat nhu sau: kich ¢ trung
binh: 120 - 150 nm, d6 nhdét: 8,5 PaS, do pH:
9,0 - 9,6, trong luong riéng: 2,37 g/cm3; so1
polyme dé ché tao mau, dé 1a soi co thong sb
k¥ thuat theo nha san xuét theo bang 2.1.

Bing 2.1 Thong s6 ky thuit ciia sgi polyme

.. Duongkinh Khéilwongrieng 09" \higtdp Nhigtds Khang kidm,
STT Loai soi P 3 dan hoi A . e . .
(mm) ( tan/m”) chiy (°C) chay ("C) muoi, a xit
(GPa)
1 polyme 0,01 0,91 3,44 160 590 cao
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II. KET QUA VA THAO LUAN
3.1. Két qua
3.1.1. Anh hwéng ciia thanh phéin hat min
silicafume va nano silica dén tinh chit ciia bé
tong.

Hon hop bé tong duoc két hop véi ham

luong silicafume véi ty 18 5 - 10% theo khéi
luong xi ming. Pong thoi thanh phan nano
silica cling dugc két hop voi silicafume dé
danh gia vai trd cta hat nano. Anh huéng cua
thanh phan silicafume trong tinh chit co 1y cta
bé tong dugc trinh bay trong bang 3.1.

Bang 3.1. Anh huéng ciia thanh phén silicafume va nano silica dén cwong do bé tong

. Cuwong do Cuwong do
i Silicafume P Y Modun
Nhom Nano (%) (%) uon Bi¢n dang (KN/mm?)
° (N/mm?) (N/mm?)
P1 0 35,4 3,45 0,0014 25,3
PINI1 1 37,2 3,57 0,00142 26,2
0
PIN2 2 39,4 3,85 0,00145 27,2
PIN3 3 40,5 3,92 0,00142 28,5
P1S1 0 36,8 3,85 0,00137 26,9
PISINI1 1 5 38,5 3,87 0,00131 29,4
PISIN2 2 40,5 3,95 0,00131 30,9
P1SIN3 3 43,8 4,11 0,00128 34,2
P1S2 0 37,2 3,65 0,00145 25,7
P1S2N1 1 10 39,3 3,88 0,00142 27,7
P1S2N2 2 41,2 3,95 0,00142 29,0
P1S2N3 3 42,6 4,15 0,00138 30,9

Khi thanh phan cip phdi bé tong st dung
hat silica v&1 kich thudc micro - hat silicafume
- thi cuong d nén cia bé tong cd xu hudng
dugc gia ting. Két qua trén hinh 1 cho thiy
cuong do nén bé tong P1S1 va P1S2 tang
khoang 5 - 7% so v6i cuong do P1, tuong ung
v61 ham lugng silicafume 1a 5 va 10%. Cuong
d6 udn cua P1S1 va P1S2 ciing c¢6 xu huéng

40 37

> 3,65

w
@
~
»w
o

355

[
*
~

1 Cuong do nén
<

w
3
~

« 345"-a-CL“0ngd@u6n
5

Cuong d§ nén (N/mm2)
~
~
w
]
Cudng d uon (N/mm2)

w

&
w
=

335

]

33

Ham lwgng silicafume (%)

Hinh 1. Moi quan h¢ gitra ham lwong silicafume
va cwong do nén, uon cia bé tong
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tang theo ham luong silicafume str dung. Ham

luong silicafume 5% cho thiy cuong do duoc
gia tang rd rét so voi cap phdi ddi chimg. Hinh
2 cho thiy gia tri cua cia modun dan hdi P1S1

va P1S2 cling ¢6 xu huong tang khi su dung 5

- 10% silicafume. Tuy nhién khi dung 10%
silicafume thi sy chénh léch vé modun dan hoi

khéng déng ké.
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Hinh 2. Mbi quan hé giira ham lwong silicafume
va cwdong do nén, dan hdi ciia bé téng
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Phuong phap phén tich bé mit cau trac cua
bé tong trong hinh 3a va hinh 3b cho thiy co6
su khac bi¢t khi st dung silicafume. Hinh 3a
cho théy sau khi dong ran, c6 su xuét hién cac
16 réng trén bé mat bé tong ddi ching P1 voi
kich thuéc 5 - 15 pm. Hinh 3b cho thay khi st
dung hat micro silica thi trén bé mat vat liéu

Lo rong
Sl counc [

23 3

15.8kV

a -Bé tong doi chirng)

duoc 14p day hon, cac 16 rdng bi giam kich
thudc chi con khoang 1 - 3 um. Tac dung ctua
hat micro silica gitip qua trinh rin chic cta bé
tong dién ra tét hon, bé mat bé tong dic chéc
hon nén c6 kha nang cuong do co ly cua bé
tong tot hon.

b - Bé tong dung silicafume

Hinh 3. CAu triic bé mit ciia bé tong phan tich bang phwong phiap SEM

(scanning electron microspoce)

Hon hop bé tong duoc két hop voi nano
silica v&i ham lugng 1 - 3% trong cac cap phdi.
Anh huong cta thanh phan nano silica trong
tinh chat co 1y cia bé tong dugc trinh bay
trong hinh 4, hinh 5 va hinh 6. Thyuc nghiém
vai tro ciia nano silica cho thdy khi dung 1%
hat nano thi cudng d6 nén ting dén 7%, twong
duong voi két qua khi ding 10% hat micro
silica. Hinh 4 trinh bay xu huéng cuong do nén
tang dan khi ham luwong nano silica tang tir 1

dén 3%. Cuong d6 nén tang dén 20% tuong
42
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Hinh 4. Mdi quan hé giira hAm hrgng nano silica
va cwong do nén

g v&i 3% nano silica. Mdi quan hé gitia ham
luong nano silica va cuong dé nén la quan hé
tuyén tinh. Hinh 5 trinh bay vai trd két hop
gitra cac hat micro silica va nano silica trong
ciu trac cua bé tong nén. Két qua cho thiy cac
cap phdi PSN c6 cuong d6 nén cao hon so voi
cac cap phdi PS va PN. Khi dé, cip phéi dung
cung luc micro va nano silica cho kha nang gia
tang cuong do tot hon. Pdng thoi, ta thiy cip
phéi ding 5% silicafume két hop v6i 3% nano
silica cho két qua cuong do tot nhat.
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Hinh 5. Anh huéng ciia nano silica va
silicafume dén cwong do nén
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Két qua phan tich cau triic bé mit bé tong
dbi v6i cac cAp phdi PSN cho thiy khi sir dung
két hop micro va nano silica thi cau trac bé
mat bé tong dugc dac chic hon rat nhiéu so véi
cac cap phdi P va PN — cép phdi ddi ching va
cap phdi dung silicafume. Hinh 6 cho thiy san
pham qua trinh hydrat cta xi ming dugc tao
thanh ddng déu, c6 16 rong trén bé mit bé tong

ICT-VAST 00 B
Hinh 6. Cau triic bé mit ctia bé tong khi dung nano silica két hop
v6i silicafume phén tich biang phwong phap SEM
(Scanning electron microscope)

SEM LEI

Két qua thuc nghiém trong hinh 7 va hinh 8
cho thiy gia tri cudng do chiu udn va modun
dan hdi ciing c6 xu huéng gia ting theo ham
luong nano silica sit dung két hop voi
silicafume. Diéu nay chung td, khi sy dac chic
cua bé tong nén duoc cai thién, ciu tric rong
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Hinh 7. Anh huéng ciia nano silica va
silicafume den cwong do uon
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dao dong tir 400 - 500 nm, nhé hon so véi ciu
triic rong khi bé tong ding micro silica. Do d6,
viéc su dung cac hat nano silica c6 tdc dung
vira thiic ddy qua trinh dong rin cta khoang xi
ming, vira c6 tac dung lap day cac 16 réng cua
qua trinh dong ran, 1am cho bé téng xi mang
duoc dic chéc hon.

Lér ong
cau tric

5.0kV

duoc giam xudng thi kha ning chiu udn cua bé
tong ciling gian tiép duoc cai thién va modun
dan hdi cua bé tong ciing cao hon. Ta nhdn
thdy, vai trd cua hat nano silica anh hudng rat
l6n  dén tric clia bé

cau tong nén.
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Hinh 8. Anh huéng ciia nano silica va
silicafume dén modun dan hoi
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3.1.2. Anh hwéng ciia ham lwong nano silica
va sgi polyme dén cwong d¢ nén ciia bé tong
Két qua thuc nghiém bé tong nén khi su
dung soi polyme cho thiy khi st dung ham
luong hat nano silica tir 1 - 3% thi cuong dd
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Hinh 9. Mdi quan hé giira ham lwong soi
va cudng do nén

Mbi quan hé giita thanh phan hat nano silica
va ham lugng soi tai hinh 11 cho thady ham
lugng nano silica cang tang thi cuong dd nén
cua bé tong soi cang cao. Cac hat nano silica
lam cho lién két cta nén xi ming véi cac hat
cbt liéu 16n duoc cai thién, gian tiép lam cho

45

nén cua bé tong sgi polyme c6 xu hudng tang
dan theo. Khi cap phdi nano va phu gia v6i 3%
nano silica cho cuong d6 16n hon dén 15% so

v6i cap phoi chi co phu gia.
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Hinh 10. Anh huéng cia ham lwgng nano silica
dén cwong d§ nén

su lam viéc chiu nén cua sgi trong bé tong nén
t6t hon. Hinh 12 trinh bay su bam dinh cua soi
polyme trong bé tong nén bang phuwong phap
chup ciu trac bé mit. qua trinh rin chic ctia bé
tong khi c6 nano silica 1am cho nén dic chéc

va soi duoc lién két chat vao nén.
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Hinh 11. Anh hwéng ciia ham lwong s¢i dén cwong dd nén
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| Bé tong nen

ICT-VAST
a- phan bo soi polyme trong nén bé tong

S5b:80 LM LEI 5.0kV X100 WD8O0mm  100um

0 SEM LEI 5.0kV X1,000 WD9.1mm 10pm

b- Su bam dinh cua soi trong nén bé tong

Hinh 12. Sy 1am viéc chung ciia s¢i polyme trong bé tong nén cé sir dung nano silica
phan tich bing SEM

3.1.3. Anh hwéng ciia ham lwgng nano silica
va sgi polyme dén cwong dj uén ciia bé tong
Thanh phan soi polyme két hop voi hat

nano silica tac dong dén tinh chat cuong do
udn cta bé tong trinh bay trong bang 3.2.

Bing 3.2. Anh hwéng ciia nano silica va s¢i polyme dén tinh chit cwong dd uon

Nhém Nano Soi Cwong do nén Cwong do udn Bién dang Modun
(%) (%) (N/mm?) (N/mm?) : (kN/mm?)
P1 0 0 354 3,45 0,0014 253
P2 0 34,7 3,61 0,00153 22,7
P2N1 1 0.5 353 3,74 0,00155 22,8
P2N2 2 ’ 38,1 3,95 0,00155 24,6
P2N3 3 38,9 4,11 0,00148 26,3
P3 0 31,1 3,65 0,00155 20,1
P3N1 1 ! 32,5 3,78 0,00154 21,1
P3N2 2 33,7 3,95 0,0015 22,5
P3N3 3 35,9 4,21 0,00146 24.6
P4 0 30,2 3,71 0,00162 18,6
P4AN1 1 ) 31,9 3,95 0,00162 19,7
P4N2 2 32,4 4,11 0,00157 20,6
P4N3 3 354 4,32 0,00152 23,3

Két qua thuc nghiém tai hinh 13 trinh bay
mbi quan hé ting tuyén tinh cta cuong do ubn
khi ham luong soi dung dén 2%, ting dén 7%
cuong do so voi cap phdi dbi chung. Piéu nay
1a do su lam viéc chung giita bé tong nén va
Soi ¢co su gén két chat ché, tao ciu trac dan xen
gifra soi va vira nén véi b khung chiu luc cua
bé tong. Hinh 14 trinh bay mbi quan hé cua
nano silica trong viéc ting gia tri cuong d6 ubn

cua bé tong khi dung voi soi polyme. Khi su
dung ham luogng hat nano silica tor 1 - 3% thi
cudong d6 udn cua bé tong soi polyme co xu
huéng ting dan theo, khi ham luong nano-
silica ting dén 3% ddng thoi ham luong soi
tang dén 2% thi cuong do udn ting rat manh.
Khi cap phdi phu gia va nao véi 3% nano-
silica cho cudng do udn 16n hon dén 14% so
v6i cap phdi chi ¢6 phu gia.
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Hinh 13. Méi quan h¢ giita ham lwong sgi
va cong d udn

Mdi quan hé gitta ham luong soi va thanh
phén hat nano silica va ham lugng soi c6 kha
ning lam ting cuong do chiu udn cua bé tong
nén tai hinh 15. Cac ham lugng soi lam cho
lién két cua nén xi mang vdi cac hat cdt lidu
16n duge ting 1én, gian tiép lam cho sy lam
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Hinh 15. Méi quan h¢ giita ham lwong soi

mKhong nano silica
1% nano silica
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3% nano silica

va cwong do uon

3.1.4. Anh huwéng ciia ham lwong nano silica
va soi polyme dén modun dan héi ciia bé tong
Két qua thuc nghiém bé tong nén khi su
dung soi polyme cho thdy modun dan hdi cua
bé téng giam dan theo ham luong soi str dung.
Hinh 16 trinh bay mdi quan hé giam tuyén tinh
ctia modun dan hoéi khi ham lwong soi ding
dén 2%, giam dén 26% gia tri modun dan hoi
so voi cap phdi ddi chimg. Piéu nay 1a do su
lam viéc chung gitra bé tong nén va soi lam
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Hinh 14. Anh huéng ciia ham lrong nano silica
va cuong d udn

viéc chiu ubn cua s¢i trong bé tong nén tbt hon.
Thyc nghiém cho théy, bé tong st dung soi
polyme c6 kha ning gia ting cuong do ubn,
ddng thoi sir dung cac hat nano silica lam cho
soi dugc bam dinh tét hon trong bé tong nén,
cuong d6 udn gian tiép dugce ting cudng hon.
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Hinh 18. Méi quan h¢ giira ham lwong soi

va modun dan hoi

thay d6i lién két cia vira nén voi bd khung
chiu luc cua bé tong. Két qua trén hinh 17 trinh
bay vai tro ctia nano silica trong viéc cai thién
tinh chat modun dan hdi cua bé tong khi ding
voi soi polyme. Khi sit dung ham luong hat
nano silica tir 1 - 3% thi modun dan héi cta bé
tong soi polyme c6 xu huéng giam dan theo.
Khi cp phdi phu gia va nano véi 3% nano-
silica 1am cho modun dan hdi nhé hon dén
20% so v6i cap phdi phu gia.
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Hinh 16. Méi quan hé giita ham lwong soi
va modun dan hoi

Moi quan hé giita thanh phan hat nano silica
va ham lugng s¢i cho théy cac hat nano silica
c6 kha nang lam giam modun dan hoi cta bé
tong nén. Hinh 18 cho thiy thanh phan hat
nano silica cang tang thi modun dan hoi ciia bé
tong khi khong c6 soi cang cao, khi c6 ham
luong s¢i va ham lugng soi bit dau tang dan tir
0,5% dén 2% thi modun dan hoi ciia bé tong
cang giam, 1am giam lién két cua vira voi cac
hat c6t ligu 16n.
3.2. Thao luan

Két qua khi str dung nano-silica véi ham
luong 1 - 3% cho thiy cac hat nano silica c6
kha nang cai thién cuong do chiu nén cua bé
tong nén, thanh phan hat nano silica cang ting
thi cuong do nén cua bé tong sgi cang cao.

Khi str dung nano voi ham lugng silicafume
5 - 10% cho thiy bé tong st dung soi polyme
c6 kha nang gia ting cuong do udn, dong thoi
st dung cac hat nano silica 1am cho sgi dugc
bam dinh t6t hon trong bé tong nén, cudng do
udn gian tiép duoc ting cuong hon; khi st
dung silicafume véi soi polyme két qua thuc
nghiém cho thiy bé tong nén khi str dung ham

luong 10% silicafume thi cudng d6 udn cua bé

Modun dan hdi (kN/mm2)
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Hinh 17. Méi quan hé giita ham lwong nano silica

va modun dan hoi

tong tang rat manh theo ham luong soi polyme
su dung; khi sir dung nano véi sgi polyme két
qua thuc nghiém cho thay, gia trj modun dan
hdi ctia bé tong c6 xu hudng ting khi dung hat
nano silica tuy nhién khi st dung sg¢i thi
modun dan hdi cua bé téng c6 xu hudng giam
xudng 1am cho modun dan hoi ciia bé tong soi
— nano silica giam.

Khi st dung nano, silicafume vo&i soi
polyme két qua thyc nghiém cho thiy v6i ham
lugng 5% silicafume gitp cai thién cuong do
ubn, khi tiép tuc gia ting ham luong silicafume
1én 10% thi cuong do udn ciing tiép tuc ting
lén do c6 su lam vi¢c chung voi sgi. Nhu vay
vai tro cua hat nano, sgi polyme va ham lugng
silicafume ciling anh hudng rat 16n dén céu trac
ctia bé tong nén, tuy rang khi str dung rét it thi
cling s& ting thém phan cai thién tinh dan hdi
clia bé tong nén.

Qua phan tich bang phuong phap phan tir
hiru han d6i voi két ciu tAm mong: anh hudng
bé tong co sy tham gia cia nano-silica va soi
polyme thi s€ lam giam d9 sut, lam tdng cudong
d6 udn cia bé téng va cudng do nén cua bé

tong khong thay doi, cuing vét liéu bé tong nén
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va khi c6 st dung hat nano-silica va soi
polyme thi kha ning chiu uén ting lén tir 15 -
20%. Do d6 so1 polyme tham gia vao bé tong
nén tot hon so véi khi khong sir dung trong két
ciu bé tong cot thép, mbi quan hé gilta ham
lugong nano-silica, s¢gi polyme va cuong do
chiu nén cua bé tong da dugc kiém dinh theo
ham sb bac nhit, twong quan hdi quy gitra ham
lugng nano-silica va cuong dé chiu nén cua bé
tong trong truong hgp co 2,0% s¢i polyme
theo quan hé¢ ham bac nhét 1a t8t nhat.

IV. KET LUAN

Khi st dung ham lugng hat min silicafume
5 - 10% va nano-silica 1 - 3% thi cuong d nén
cua bé tong tang tur 5 - 7%. Thuc nghiém vai
trd ctia nano silica cho thdy khi dung 1% hat
nano thi cuong d6 nén ting dén 7%, tuwong
duong véi két qua khi ding 10% hat silica.
Cuong do nén ting dén 20% khi str dung ham
lwong 3% nano silica. Mdi quan hé gitra ham
lugng nano silica va cuong do nén la quan hé
tuyén tinh. Pong thoi, cap phdi dung 5%
silicafume két hop v6i 3% nano silica cho két
quéa cudng do tot nhat.

Khi sir dung ham lugng nano silica 1 - 3%
va soi polymer 0,5 - 2% thi cuong do nén ctua
bé tong soi polyme co ting dén 15% so véi cap
phéi chi c6 phu gia. Két qua thuc nghiém khi
sit dung ham luong soi polyme dén 2% thi
cuong d6 ubn ting dén 7% so véi cap phdi ddi
chimg. Piéu nay 13 do sy 1am viéc chung giira
bé tong nén va soi ¢o su gén két chit ché, tao
cAu trac dan xen gilra sgi1 va vira nén voi bod
khung chiu lyc cta bé tong.

Khi st dung so¢i polyme 0,5 - 2% modun
dan hdi cua bé tong giam dén 2% va giam dén
26% gia tri modun dan hdi so v&i cap phdi ddi
chung. Piéu nay 1a do su lam viéc chung giira

bé tong nén va sgi lam thay doi lién két cua

vita nén véi bd khung chiu luc ctia bé tong.
Khi st dung ham lugng hat nano silica tir 1 -
3% thi modun dan hoi ciia bé tong soi polyme
giam dén 20% so véi cap phdi phu gia.

Khi sir dung ham luong silicafume tir 5 dén
10% va ham lugng nano tir 1 - 3% thi s€ lam
giam do sut trong bé tong dong thoi ciing 1am
tang cuong do cua bé tong. Khi st dung ham
lugng silicafume tir 5 - 10% , ham lugng nano
tur 1 - 3% va ham luong soi tur 1 - 2% thi d6 sut
ctia bé tong bi giam xudng, cuong do udn ting
tir 15 - 20% va cudng do nén thi khong doi.
Két qua ciia dé tai ciing da dap ung dugc cac
muc tiéu ctia nghién ciru di dé ra.
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IMPACT OF NANO-SILICA AND POLYMER YARN
IN CONCRETE STRUCTURES

Doan Duy Khanh', Le Anh Tuan’
"Vietnam National University of Forestry - Southern Campus
’Hochiminh University of Science and Technology

SUMMARY

This paper presents the results of the research on the influence of nanoparticles and polymer fibers in concrete
structures. The objective of the study was to evaluate the effect of silica nanoparticles on the mechanical
properties of concrete substrates, to evaluate the effect of silica nanoparticles ratio and polymer fiber content on
mechanical properties. The study of concrete, evaluating the performance of polymer fibers and silica-based
silica nanoparticles, assessed the applicability of reinforced concrete silica nanoparticulate in concrete
structures. Experimental research was carried out at the Building Materials Laboratory, Faculty of Civil
Engineering, Ho Chi Minh City Polytechnic University with experimental materials available in Vietnam.We
used SAP2000 software to simulate the behavior of thin-walled components to assess the performance of
polymer reinforced concrete. The results of using silicafume content between 5 and 10% and nano content of 1
to 3% will reduce slump in concrete and also increase the strength of concrete. When using silicafume content
and from 5 to 10%, nano content of 1 to 3% and fiber content of 1 to 2%, the slump of the concrete is reduced,
the bending strength increases from 15 to 20% and Candlestick intensity is not constant.

Keywords: Concrete structures, nano-silica, polymer fibers.
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