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Tém tit

Nghién ctru ndy trinh bay két qua thuc nghiém xac dinh tmg xir ing suét kéo - bién dang cua bé téng gia cuong
ludi soi dét thiry tinh (GTRCCs) c6 xét dén anh hudng cua ciu trac ludi va s6 16p luéi soi. Két qua thue nghiém
cho thiy, quan hé (g suét - bién dang kéo ciia GTRCCs 1a ting xir ba giai doan bao gdm giai doan tuyén tinh,
giai doan hinh thanh vét niit, va giai doan mé rong vét niit. Cuong do kéo clia mau bé tong GTRCCs ting
khoang 58-68% khi sb 16p ludi s¢i thuy tinh ting tir 1 dén 2 16p. Bé tong GTRCCs sir dung ludi soi thiy tinh
v6i cac bo soi doc tur do (cdu triic 1) c6 stre khang kéo 16n hon khoéng 18-25% so voi bé tong GTRCCs st dung
ludi soi thuy tinh véi cac bo soi doc bi thét chit boi cac soi chi d6 (cdu trac 2) véi cing sb 16p lu6i gia cuong.

Tuw khod: bé tong cdt 1udi soi dét thay tinh; (g suét kéo; bién dang; $6 16p ludi; cAu trac ludi soi.

EFFECT OF LAYER NUMBER AND TEXTILE STRUCTURES ON TENSILE BEHAVIOR OF GLASS
TEXTILE REINFORCED CEMENTITIOUS COMPOSITES

Abstract

This study experimentally investigated the stress versus strain response of glass textile reinforced cementitious
composites (GTRCCs), regarding to the effects of layer number and textile structures. The results showed that
tensile stress versus strain curves of GTRCCs was a trilinear behavior characterized by 3 stages including
elastic, crack development, and crack opening stages. The tensile resistance of GTRCCs increased by 58-68%,
as layer number increased from 1 to 2 layers. GTRCCs using glass textile having longitudinal yarns without
stitches (structure 1) produced higher tensile resistance (approximately 18-25%) than GTRCCs using glass
textile having longitudinal yarns tightened by stitches (structure 2), as using the same number of layers.

Keywords: glass textile reinforced cementitious composites; tensile stress; strain; number of layers; textile
structures.

https://doi.org/10.31814/stce.huce2025-19(2V)-08 © 2025 Trudong Dai hoc Xay dung Ha Noi (PHXDHN)

1. Giéi thiéu

Vit liéu bé tong cbt ludi soi dét TRCCs (textile reinforced cementitious composites), mot loai vat
liéu tién tién thudoc nhom composites co géc xi mang, st dung ludi sgi dét lién tuc dé 1am chét gia )
trong bé tong hat min (BTHM) [1-6]. TRCCs thé hién cac dic trung co hoc nhu cuong dg, do chéng
mai mon, chéng chay cao, do bén, d6 déo 16n, chiéu day st dung nhd, nén co thé giam trong lugng
cong trinh va giam luong khi carbonic va lugng nhiét toa ra do qua trinh thiy hoa xi mang trong bé
tong [1-6]. TRCCs c6 kha ning ting cuong két cau bé tong rat hiéu qua, bao gém ting cuong kha
nang chiu udn, chiju cét, va chiu nén. TRCCs duoc st dung dé xay dung cac cong trinh kién trtc phtic
tap nhu két ciu vom ciia cc toa nha thuong mai [7], cau kién dang tim hodc dé gia cudng ciu tric bé
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tong nhu cot, vo ham [8—10], hodc ting cuong sira chita cac két cdu ha ting bi suy giam d6 bén theo
thoi gian do an mon, hoa hoan, dong dat [11].

Ludi soi dét duge lam thanh tir nhitng scn nho co nguon gbc tir soi tw nhién nhu soi gai, soi day,
soi lanh, sisal, soi vai, basalt, hodc c6 ngudn gdc tir soi tong hop nhu soi thuy tinh, carbon, aramid,
Kevlar, polyethylene, polypropylene, polyvinyl alcohol [12]. So sanh véi cac loai ludi sgi dét khac,
ludi soi dét thay tinh (glass textile) c6 du cuong do dinh bam trong BTHM, do vay ludi sgi dét thuy
tinh phat huy t6i da hiéu qua chét gia cuong trong bé tong gia c6 ¢t ludi soi dét thuy tinh (GTRCCs)
[2,5,12-16].

bé tang cuong kha nang chiu kéo cta két cAu, cac loai vat liéu co cuong d9, tinh déo cao va kha
nang hap thu ning luong 16n nén dugc phat trién [5, 15]. Cac nghién ciru trude dy cho thay, cang
nhiéu 16p luéi gia cuong dugce sir dung, d6 climg va cudng do ciia bé tong gia cudong TRCCs dat duogc
cang cao [2, 3, 17, 18]. Triantafillou [11] két luan rang hi¢u qua gia cudng kha ning chiu nén va tinh
déo cua két cAu cot bé tong cdt thép ting cuong bang 16p 40 TRCCs phu thude vao sb 16p luéi st dung
va thanh phan ciia bé tong hat min. Cac nghién ctru [19-22] ciing khang dinh kha ning ting cuong két
ciu ciia TRCCs tang khi s6 16p ludi gia cuong ting. Cac dic trung vé loai ludi soi va céu tric ludi soi
cling anh huéng 16n dén kha ning ting cuong két ciu cia TRCCs [12, 23]. Peled va cs. [12, 23] cho
théy réng, céc soi chi va day lién két doc theo cac bo soi cua ludi soi bao quanh va bo chit cac bo soi,
do d6 giam dién tich tiép xuc giita bo sgi va BTHM, giam kha ning xam nhap ciia BTHM vao cac khe
h& gitta cac bo soi doc va ngang, vao khe h& gitta cac sgi nano bén ngoai bo soi, dan dén giam luc
dinh tong thé cua ludi soi trong BTHM. Tuy nhién, cac nghién ctru & trén chi danh gia hiéu qua ting
cudng ciia TRCCs, trong khi cac tinh chat co 1y cta ching can duoc hiéu rd hon. Vi vy cac nghién
ctru thye nghiém vé ste khang co hoc cia TRCCs la can thiét.

Bai bdo nay nghién ctru tmg xtr co hoc cia GTRCCs. Ludi soi thiuy tinh G va BTHM dugc st
dung dé chuin bi mau GTRCCs. Cac mau thi nghiém duogc ché tao véi sb 16p ludi khac nhau va cAu
trac ludi khac nhau. Thi nghiém kéo tryuc tiép duoc thuc hién dé xac dinh quan hé ing sut - bién dang
kéo cia GTRCCs. Tir két qua thi nghiém, anh hudng cua s 16p ludi va cdu trac cua ludi soi thuy tinh
dén kha nang chiu kéo cia GTRCCs ciing dugc dénh gia.

2. Chuong trinh thi nghiém
2.1. So do chicong trinh thi nghiém

Mt chuong trinh thi nghiém duoc thiét 15é dé danh gid kha nang khang kéo cia GTRCCs nhu thé
hién trong Hinh 1. Tong cong c6 4 t6 hop mau da dugc che tao va thi nghiém d¢ danh gia anh hudéng
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ctia s6 16p ludi soi (hodc ham lugng ludi soi) va cdu truc cta ludi soi thuy tinh dén kha ning khang
kéo ctia GTRCCs. S6 16p ludi duoc ding dé ché tao mau bao gom 1 16p (L1) va 2 16p (L2). Ludi soi
thity tinh (G) v6i 2 loai ciu trac ludi bao gdm céu triic 1 (CT1) va céu tric 2 (CT2) duge sir dung lam
chat gia cuong trong BTHM.

2.2. Vit liéu

Thanh phan cap phéi cia BTHM thé hién trong Bang 1, duoc thiét ké theo nhimng nghién ciru
trude day [2, 3, 5, 15, 16, 24, 25]. Thanh phan chu yéu trong BTHM la cét hat min c¢6 duong kinh
trung binh cda hat 0,5 mm. Xi mang loai 1 c6 d6 min 3630 cmz/g duogc sir dung. Phu gia hoa déo
Polycarboxylate c6 chira 25% thé rin va 75% thé nu6c 1am tang tinh cong tac caia BTHM. Cudng do
chiu nén ctia BTHM la 71 MPa, duogc xac dinh theo tiéu chudn ASTM C109 [26].

Béng 1. Ty 1& khéi luong cac thanh phan cip phdi cia BTHM

Xi mang Cat Nudc Phu gia héa déo
1 1,5 0,45 0,0009
Cac bo soi ngang, Cac bo sgi ngang
duoc bo chat boi cac soi dét Céc bo soi doc,
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Hinh 2. Luéi soi thiy tinh v6i cac cau tric khac nhau

Ludi soi dét dugce st dung lam chét gia cuong trong BTHM 1la ludi soi dugc ché tao tir soi thay
tinh. Khi gia cudng lué6i soi thuy tinh dugc trai dai theo chidu dai cuia mau. Pé xac dinh hudng gia
cudng t6t nhat cua ludi soi, cac tam ludi duoc cét thanh timg 16p trai dai theo 2 huéng khac nhau va
duoc dat tén 1a CT1 va CT2, nhu thé hién & Hinh 2. Cac bo soi don doc va bo soi don ngang dugc
duoc két tir hang ngan soi rat bé co kich thude nano (filaments). Trude khi két ndi thanh ludi, cac bd
soi don dugc nha san xuat xir Iy bé mat bang mot 16p styrene butadine dé lam tang do két dinh giira
cac soi nano hat nhan bén trong va cac sgi nano & 16p bén ngoai. Mdi bo soi ciia ca hai phuong doc va
ngang déu dugc két hop boi 2 bo soi don. Ludi sgi dét thily tinh dugc ché tao bang cach dan cac bo
soi doc va bo soi ngang v6i nhau, sau d6 dugc that chat lai boi cac soi dét thiy tinh mau do. Cac bo
soi doc ciia CT2 duoc thit chit boi cac soi dét (Hinh 2(a)), nhung nguoc lai cac bé sgi doc cua CT1
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thi khong bi that chat boi cac soi dét ma dwge dé tu do (Hinh 2(b)). Kich thudc mdi 6 ludi hinh vudng
la 12x12 (mm).

Bang 2 liét k& cac tinh chét co hoc cua ludi soi dét thay tinh. M6 dun dan hdi cua bé soi va ty
trong cua ludi sgi dugce cung cép béi nha san xuét, trong khi lyc kéo @it cua ludi sgi dugc xac dinh
dira trén thi nghiém kéo theo tiéu chuén KS K 0521:2017 [27] cho dai ludi ¢6 bé rong 60 mm chira 3
b6 soi doc gidng nhur kich thudc ludi soi tai khu vue do bién dang (gauge length) cia mau thi nghiém.
Kich thudc 6 ludi ctia ludi sgi 12x12 (mm) dam bao cho BTHM lot qua mét cach dé dang. Giao diém
gitra bd soi doc va soi ngang dong vai tro 1a diém neo lam tang lyc dinh bam va chéng lai su truot
ctia cac bo soi doc cua ludi soi vao BTHM. Vi bé rong cac bo sgi theo phuong doc va ngang 1a khac
nhau trong khi kich thudc 6 ludi giéng nhau, do dé sé lugng cac bo soi ngang ciia mdi 16p ludi 1a
khéc nhau. Sau khi duoc cit thanh ting 16p, mdi 16p ludi soi cAu triic CT1 ¢6 31 bo soi ngang hinh
thanh nén 145 diém neo véi cac bo soi doc trong khi mdi 16p ludi sgi CT2 ¢6 29 b6 soi ngang va 135
s6 diém neo twong tng.

Bang 2. Tinh chit co 1y cua ct ludi soi dét

Luckéo dit cua ludisgi  Modundanhdi Ty  Bérong bosoi S6 diém neo cua

Céu triic NP N R
lusi  Phuong doc Phuong ngang cua bo soi trong  doc hitu hi¢u 16p ludi soi
(N) (N) (MPa) (kg/m?) (mm) (diém)
CT1 4600 5100 1200 2680 4 145
CT2 5100 4600 1200 2680 6 135

Ham lugng theo thé tich cta ludi soi duoc tinh toan dya trén sb 16p ludi sir dung trong mau
GTRCCs, dugc thé hién & Bang 3. Mac du kich thudc 6 luéi cia 2 loai ludi CT1 va CT2 1a giéng
nhau, tuy nhién bé rong va cAu trac cta cac bo soi doc va ngang la khac nhau, dan dén ham luong theo
thé tich cia CT1 va CT2 la khac nhau. Nhin vao Bang 3 c6 thé thdy ham lugng theo thé tich sgi cta
CT1 13 16n hon CT2 khi str dung cting s6 16p luéi trong tng.

Béng 3. S6 16p ludi va ham lugng theo thé tich cua ludi sgi trong GTRCCs

Téhop mau  Loai cdu trac ludi sgi  S6 16p Iudi (16p)  Ham luong theo thé tich 1udi soi (%)

GCTILI CTl1 1 1,47
GCTI1L2 CT1 2 2,94
GCT2L1 CT2 1 1,43
GCT2L2 CT2 2 2,86

2.3. Chudn bi mau thi nghiém

May tron véi dung tich 20 lit duoc ding dé tron hdn hop vita xi mang. Dau tién, vat lidu thanh
phan duoc can do dung ty 1& khéi lwong. Cat min va xi mang duogc tron kho trong thing trén trong
khoang 10 phiit. Nude tron phu gia hoa déo duoc db vao thing tron va tién hanh tron hdn hop lién
tuc trong 5-10 phut nita. Toan bd nudc va phu gia duoc chia lam 3 lan d6, dam bao dung dich dugc
tron déu trong hén hop BTHM. B¢ déo cua hon hop bé tong tuoi dugc kiém tra trude khi tién hanh
dac mau.

Hinh 3 thé hién kich thudc, hinh dang ctia mau bé tong hinh xuong ché (dog-boned shape), duoc
dé xudt cho vat liéu bé tong gia cuong cot ludi soi dét trong nghién ctru trude day [2], va dugc dp dung
trong nghién ctru nay. Theo cic nghién ctru trudc day [1, 2, 28, 29], phdn mé rong & hai ddu mau lam
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tang dién tich tiép xac giita ludi soi, do d6 gop phé‘ln tang cuong do lyc dinh cua ludi soi va BTHM.
Trude khi d6 bé tong, ludi 501 dét thuy tlnh dugc cit thanh timg 10p pht hop khuén dic mau. Dé thuan
tién trong qua trinh duc mau va rit ngdn thoi gian chudn bi mau thi nghiém, ludi soi duoc dit ty do
trong BTHM. Viéc dtic mau nay 1a khong anh huéng dén két qua thi nghiém bai vi do cimg cua ludi
soi thity tinh 1a rat 16n va tat ca cac bo soi cua ludi khong bi udn cong trudce khi dic. Lop bé tong
twoi dau tién duge rot truc tiép vao khuén véi thé tich béng mot nira thé tich ctua khudn va lam b?mg
phing bé mit. Sau do, 16p ludi soi dét thiy tinh dugc dat trén bé mit 16p bé tong thir nhat va 4n nhe
xuéng dé lam tang kha nang dinh bam cua ludi soi véi BTHM. Sau khi dat ludi soi, 16p bé tong tha
hai duoc rot vao cho dén khi ddy khudn thi lam phing bé mat. Pbi véi cac to hop mau sir dung 2 16p
ludi, qua trinh d6 bé tong va dat 16p ludi thir hai vao cling twong ty nhu 16p ludi thir nhat, tuy nhién
phai dam bao chiéu day cac 16p bé tong bén ngoai bang chidu day 16p bé tong giita 2 16p ludi. Trong
qué trinh dtc mau, khuén chira bé tong dugc dat trén ban rung voi ché @6 rung nhe dé vira BTHM lot
qua cac 6 ludi, xam nhap vao khe ho gitra cac bo sgi va khe hd gitta cac sgi nano bén ngoai bd soi.
Vi ludi soi & dang 16p ludi nén ludi soi khong bi chim xudng sau trong BTHM duéi tac dung cta ché
d6 rung nhe. Do vay chiéu day cua cac 16p BTHM duogc dam bao mot cach twong dbi. Tuy nhién, dé
chinh xé4c vi tri ctia ludi soi trong mAu thi nghiém, ludi soi nén duoc kéo cing va ¢b dinh trude khi db
BTHM vao khuon, va anh hudng cua viéc kéo cang soi trude khi dic dén tinh chét co hoc GTRCCs
s& duoc thuc hién trong cic nghién ctru tiép theo. Sau khi dac, mau duoc bao dudng trong phong thi
nghiém & nhiét d6 20 °C trong 24 gid. Sau d6, mau duoc thao ra khoi khuon va bao dudng trong nudc
& nhiét 6 20 °C trong 28 ngay. Sau thoi gian bao dudng trong nudc, mau dugc vot ra, dé kho hoan
toan trong phong trudc khi thi nghiém.

- 125 . =
75 [
60
v [
o S
Vo) N

Pon vi: mm
() (b)
Hinh 3. Hinh dang, kich thuéc mau hinh xwong ché
2.4. Phwong phap thi nghiém
Hinh 4 thé hién phuong phap thi nghiém kéo tryc tiép duoc tién hanh trén may thi nghiém da

ning c¢6 co ciu truyén luc thong qua cac chdt (hinges) dé kéo mau TRCCs dudi tac dung cua tinh tai
[2]. Téc d6 gia tai khong doi 1a 1,0 mm/phat [1, 2]. Luc kéo duoc do bang bd phan do tai trong (load
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cell), trong khi do dan dai ctia mau trong qua trinh gia tai dugc do boi hai thiét bi do bién dang (linear
variable displacement transducers - LVDTs) dugc gan vao hai bén mau [2]. Trude khi thi nghiém,
mau dugc can chinh can than dé giam thiéu anh hudng cua do 1éch tam.

Céc thong s6 nghién ciru bao gdm: tng suat
kéo o, va kha ning bién dang &, tuong tng tai
dinh cua dudng cong quan hé tng suit kéo - bién
dang. Gia tri ing suat kéo dugc x4c dinh bang cong

B¢ phan do tai
trong (load cell)

thie (1): Céc chdt
1) P (hinges)
Ou=—+ (1)
. 5 do i :
. Y . N 1iAL 47 < Thiét bi do bie
trong d6 P 1a tai trong tac dung, F 1a dién tich mat d;ﬁg (iV?)Tl:)n =
cat ngang khu vuc do chuyén vi cia mau kéo. ' [TT
va kha ning bién dang ctia mau duoc xac dinh Mau thi 3
bang cong thuc (2): nghiém
AH
g, = — 2
= @

trong 6 AH 1a do dan dai ctia mau trong qua trinh Hinh 4. Thi nghiém kéo truc tiép

kéo, GL (gauge length) 1a chiéu dai khu vuc do bién dang ctia mau. Trong nghién ctru ndy GL =
175 mm.
3. Két qua thi nghiém va ban luin
3.1. Quan hé irmg sudt bién dang kéo ciia bé tong cot ludi soi dét thuy tinh

Quan hé ung suét va bién dang kéo ciia bé tong cbt ludi soi thuy tinh duge thé hién & Hinh 5.
Pudng cong trung binh ciia mdi to hop mau 14 trung binh két qua thi nghiém cua it nhat 4 mau tré 1én.
Nhin vao Hinh 5 ¢6 thé thiy quan hé ing suit, bién dang kéo ciia GTRCCs 1a tmg xir tai bén (strain
hardening behavior) [4, 30]. Tuy nhién giai doan tai bén cta dudng cong tng suat bién dang thé hién
13 rét hai giai doan khac nhau d6 13 phat trién vét ntet va mo rong vét nirt, do d6 quan hé g suit bién
dang ctia GTRCCs ciing ¢ thé duoc goi 1a tmg xir 3 giai doan (trilinear behavior). Két qua nay 1a
tuong ddng véi cac nghién clru trude day vé bé tong cdt ludi soi dét [2, 4, 12, 17, 30, 31]. Giai doan
1 12 giai doan dan hoi tuyén tinh, dugc dic trung boi doan ting tuyén tinh dén khi xay ra vét nit dau
tién. Trong giai doan 1, BTHM chua nut 1a thanh phén chiu lyc chinh, va d ddc cua giai doan 1 dac
trung cho mé dun dan hdi cia GTRCCs [4, 30]. Giai doan 2 13 giai doan phat trién vét nut, tir khi ma
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Hinh 5. Ung xir tng suit kéo bién dang cua céc t6 hop mau

cac vét nirt dau tién hinh thanh cho dén khi vét nirt cubi ciing xay ra hoan toan. Trong giai doan nay,
tai trong tac dung truyén tir BTHM sang ludi soi tai khu vuce hinh thanh vét nit [4, 30]. Ung suét trong
giai doan 2 ting khong déng ké trong khi bién dang mau ting nhanh vi sy hinh thanh vét niit, va mdi
vi tri ing suét giam dot ngdt trong tmg véi su hinh thanh mot vét nit trén bé mat BTHM. Giai doan
3 1a giai doan m& rong vét niit, khi ma cac vét nirt duge mé rong trong khi khong co vét nirt nao khac
duoc hinh thanh Trong giai doan nay, cac bo soi doc chiu hoan toan lyc kéo nén quan hé ung sut
bién dang gan nhu tuyén tinh cho den khi dat gia tri (mg suat cao nhat. Sau khi dat gi4 tri ing suit cao
nhét, cac bé soi doc bi dut gdy va mau bi dit hoan toan thanh 2 manh. Mic du cac b soi doc ctia cac
16p ludi soi déu bi dut gdy, tuy nhién su dit giy cua chung khong dién ra dong thoi. Do d6, ing suét
giam dan vé gia tri 0 & giai doan suy tan cta dudng cong ng suat bién dang.

Thong sb tmg xtr kéo cia GTRCCs bao gdm tng sudt kéo va kha ning bién dang dugc thé hién
& Bang 4. Thong s6 ciia mdi to hgp miu duge ly trung binh két qua thi nghiém cua it nhat 4 mau
tro 1én.

Béng 4. S6 16p ludi va ham lugng theo thé tich cua ludi sgi trong GTRCCs

Tohop mau Loaicdutric Ténmau  Ungsudtkéo o, (MPa) Kha ning bién dang &, (%)

GCTI1L1 CT1 SP1 6,91 2,40
SP2 7,36 2,49

SP3 7,44 2,61

SP4 5,56 1,86

SP5 7,44 2,60

Trung binh 7,14 2,39

Do léch 0,39 0,31

GCTI1L2 CT1 SP1 11,25 2,13
SP2 12,36 2,20

SP3 11,79 2,27

SP4 12,48 1,88

SP5 11,90 2,05

SP6 12,28 2,10

Trung binh 12,01 2,10

Do 1éch 0,46 0,14
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Téhopmiu Loaiciutraic Ténmiu  Ung suit kéo o, (MPa) Kha ning bién dang &, (%)

GCT2L1 CT2 SP1 6,03 2,19
SP2 6,14 2,05

SP3 5,99 2,25

SP4 6,10 1,98

Trung binh 6,07 2,12

bo léch 0,55 0,34

GCT2L2 CT2 SP1 8,97 2,02
SP2 8,62 2,03

SP3 9,46 2,13

SP4 10,91 2,28

SP5 9,92 2,01

Trung binh 9,58 2,10

Do léch 0,89 0,11

(c) GCTIL2 (d) GCT2L2
Hinh 6. Kiéu pha hoai da vét niit cia mau kéo

B& mit mau sau khi bi pha hoai duoc thé hién ¢ Hinh 6. Kiéu pha hoai da vét niit dugc quan sat
trén bé mit toan bo cac miu bé tdng clia tit ca cac to hop mau, trong dé cac vét nut thuong xut hién
& khu vue cac bo soi ngang va c6 xu huéng vudng goc véi phuong kéo, va ndm trong khu vuc do
bién dang. Piéu nay ching to khu vuc tiép xtc giita cac bo soi ngang va BTHM 1a khu vyc gian yéu,
d& hinh thanh vét niit trong qua trinh kéo, méc dui cac bo soi ngang dong vai trod 14 cac diém neo han
ché su trugt cua cac bo soi doc va 1am tang cuong d6 dinh bam téng thé cua ludi soi trong BTHM
[2, 12,17, 18, 31]. Diéu thi vi la cac bo soi doc bi dut roi va mau kéo bi phén tach ra lam hai phﬁn
tai vi tri dut gdy ctia bo soi doc sau qua trinh kéo. Ung xtr 3 giai doan nhu da trinh bay & trén va kiéu
pha hoai dirt gdy cac bo soi doc ching t6 ludi soi dét thuy tinh ¢6 di cuong do dinh bam dé dinh chit
ban than no trong BTHM, cho phép cac bo soi doc dat kha nang chiu luc cao nhat cho dén khi dit
gdy [2, 12,17, 18, 31]. Vi véy ludi soi dét thuy tinh c¢6 thé phat huy t6i da hiéu qua chét gia cb trong
BTHM.
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3.2. Anh hwéng ciia s6 16p ludi dén kha ning khdng kéo ciia bé tong cot luéi soi dét thity tinh

Anh huéng cua s6 10p ludi soi dét thuy tinh dén strc khang kéo ciia GTRCCs dugc thé hién ¢
Hinh 7. Cang nhiéu 16p luéi soi dét duge st dung thi cuong do khang kéo cia GTRCCs cang cao. Khi
s6 16p ludi tang tir 1 dén 2 16p, cuong d6 khang kéo cia GTRCCs ting khoang 58-68% (tang tir 6,07
dén 9,58 MPa va tir 7,14 dén 12 MPa), nhu thé hién ¢ Hinh 7(a). Kha ning khang kéo cia GTRCCs
tang theo s6 16p ludi, co lién quan dén viéc ting ham luong cua chit gia cudng trong BTHM. Nhin
vao Bang 3 c6 thé thdy, khi s6 16p ludi tang tir 1 dén 2 16p, ham luong ludi soi véi cdu trac CT1
trong BTHM tang tir 1,47% dén 2,94% trong khi ham luong luéi soi voi cu trac CT2 ting tir 1,43%
dén 2,86%. Theo cac nghién clru trudc day [2, 12, 17, 18], bé tong st dung chat gia cudng voi ham
luwong cao hon c¢6 cuong d6 kéo cao hon. Bén canh do, ham lugng ludi soi trong BTHM tang gop
phin mé rong dién tich tiép xtc giira ludi sgi va BTHM, 1am cho cuong d6 luc dinh cua chét gia c6
trong BTHM duoc cai thién [2, 12, 17, 18]. Vi vay, kha nang chiu kéo cia GTRCCs tang theo ) 16p
ludi soi gia cd. Kha ning bién dang cia GTRCCs ciing tang tir 2,1% dén 2,39%, nhu thé hién trong
Hinh 7(b). Diéu nay ching to d6 déo, kha ning chéng bién dang, va kha nang hap thy ning luong cua
GTRCCs tét hon khi dugc gia cuong béi nhiéu 16p ludi soi.

0 L1 (1 16p) O L1 (116p)
GCT2L2 \«9,58 L2 (2 16p) GCT2L2 \ﬂzn L2 (21op)
GCT2L1 6,07 GCT2L1 ——2,12
GCTIL2 \“ 12,0 GCTIL2 \“ 2.1
GCTIL1 1714 GCTIL1 ——2,39
0 5 10 15 20 25 0 1 2 3 7 5
Ung suit kéo (MPa) Bién dang (%)
(a) Ung suét kéo (b) Bién dang

Hinh 7. Anh hudng ciia s 16p ludi dén kha nang khang kéo cua bé tong ¢t ludi soi dét thity tinh

3.3. Anh hwéng cia cdu tric ludi dén kha nang khang kéo ciia bé téng cot hedi soi dét thity tinh
Hinh 8 miéu ta cac thong sé kha ning khang kéo cia GTRCCs sir dung lué6i soi voi 2 loai cdu
trac CT1 va CT2. Ludi soi dét thuy tinh cdu trac CT1 ¢ hidu qua gia cuong cao hon ludi soi dét thiy
tinh cau tric CT2 khi dugc sir dung cing s6 16p ludi soi twong tmg. Ung suat kéo caa GCTILI va
GCTIL2 (lan luot 12 7,14 va 12,0 MPa) 16n hon nhiéu so véi tmg suit kéo ctia GCT2L1 va GCT2L2
(lan luot 14 6,07 va 9,58 MPa). Két qua nay c6 lién quan dén cdu tric va ham luong ludi soi co trong
BTHM. Nhu di liét ké & Bang 2, mdi 16p lui CT1 c6 nhiéu diém neo (145 diém) va cac bo sgi ngang
(31 b6) hon mdi 16p ludi CT2 (135 diém neo va 29 bé soi ngang). Theo nhu cac nghién ciru trude day
[6, 15, 16, 23], ludi sgi co cang nhiéu diém neo va bé soi ngang thi cuong d¢ dinh bam cuia ludi soi
vao BTHM cang dugc ting cudng, va kha nang chéng trugt cua cac bd sgi doc (cac bo sgi chiu luc
theo phuong tai trong) cang cao, do vy lam ting cudng do cua bé tong gia cd ludi soi dét. Bén canh
do, cdu tric clia cac bé soi doc ciing dong vai tro quan trong téi cudong do cia bé tong. Nhu di trinh
bay & muc 2.2, va duoc thé hién & Hinh 2, cac b6 soi doc ciia CT2 b thit chit boi cac soi dét mau do,
nhung nguoc lai cac bo soi doc ciia CT1 1a ty do. Cac soi dét nay khong nhiing that chat cac bo soi,
ma con dong vai trd can tré sy xam nhép cia cac hat san pham qua trinh thuy héa xi ming vao ké& ho
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gifra c4c sgi nano cua bod soi, vao k& hd gitra 2 bd sgi don cta bo sgi hiru hi€u, va lam giam dién tich
tiép xuc gitra b6 sgi va BTHM [6, 15, 16]. Do vay cudong d6 dinh bam cuia cac bo soi doc CT1 la cao
hon so véi cuong do dinh bam cua cac bo soi doc CT2, dan dén cuong d6 chiu kéo cuia GTRCCs sir
dung luai soi CT1 1a cao hon cuong d6 chiu kéo cia GTRCCs str dung ludi sgi CT2 khoang 18-25%.

‘ I ‘ I 0O cT1 (Céu tric 1)
GCT2L2 \a 9,58 GCT21L2 \3-1 CT2 (CAu trac 2)
GCTIL2 12,0 GCT1L2 21
GCT2LI \ 6,07 GCT2L1 \— 212
A ] CT1 (CAutruc 1) .
GETILL [ cT2 (Céu tric 2) GCTILL 2%
o 5 10 15 2 2 o 1 2z 3 4 s
Ung suat kéo (MPa) Bién dang (%)
(a) Ung sut kéo (b) Bién dang

Hinh 8. Kha ning khang kéo cua bé tong ¢t ludi sgi dét thiy tinh sir dung ciu trac luéi khac nhau

4. Két luan

Nghién ctru nay trinh bay két qua thuc nghiém vé kha ning khang kéo ctia bé tong cdt ludi soi dét
thuy tinh. Quan hé mg suat - bién dang kéo duoc xac dinh. Anh huéng cua sd 16p ludi va cau tric
ludi sgi vao kha nang khang kéo cia GTRCCs cling dugc lam ro. Mot s6 két luan dugce rit ra nhu sau:

- Puong cong quan hé tng suit - bién dang kéo cia GTRCCs 14 quan hé 3 giai doan bao gdm giai
doan dan hdi tuyén tinh, phat trién vét nit, va mo rong vét nit. Két qua thi nghiém cho thiy dang pha
huy cta tat ca to hop mau 1a kiéu pha hoai da vét nirt trong khu vuc do bién dang.

- Tang s6 16p ludi s¢i lam ting kha nang khang kéo cia GTRCCs: cuong do chiu kéo cia GTRCCs
tang khoang 58-68%, khi s6 16p ludi tiang tir 1 dén 2 16p.

- Ludi soi thuy tinh véi cdu trac CT1 13 hiéu qua hon luéi soi thuy tinh vi cau trac CT2 trong
viéc gia cuong bé tong hat min: cudng do kéo cua GTRCCs su dung ludi CT1 cao hon cua GTRCCs
st dung ludi CT2 khoang 18-25%.

Maic du thi nghiém nay da dua ra quan hé Gng suét bién dang cia GTRCCs dudi tac dung luc kéo
va danh gia anh huong cia cac yéu t6 dén tinh chit co hoc cia GTRCCs, tinh dinh bam cua luéi soi
va BTHM va anh hudng cua cac yéu t6 dén tinh dinh bam cin dugc 1am sang to trong cac nghién ctru
tiép theo. Bén canh do, nghién ctru vé anh huéng cua viéc cang soi trude khi d6 BTHM dén stc khang
co hoc ciia GTRCC:s ciing can dugc thuc hién.

Lo&i cdm on
Truong Van Poan dugc tai trg boi Chuong trinh hoc bong sau tién si trong nude ctia Quy Podi mai
sang tao Vingroup (VINIF), md s VINIF.2024.STS.09.
Tai liéu tham Khao
[1] Truong, V. D., Kim, D. J. (2021). A review paper on direct tensile behavior and test methods of textile
reinforced cementitious composites. Composite Structures, 263:113661.
[2] Truong, V. D., Lee, D. H., Kim, D. J. (2021). Effects of different grips and surface treatments of textile

on measured direct tensile response of textile reinforced cementitious composites. Composite Structures,
278:114689.

101


https://doi.org/10.1016/j.compstruct.2021.113661
https://doi.org/10.1016/j.compstruct.2021.113661
https://doi.org/10.1016/j.compstruct.2021.114689
https://doi.org/10.1016/j.compstruct.2021.114689

(3]
[4]

[5]

[6]

(7]
(8]
(9]
[10]
(11]
[12]

[13]

[14]
[15]
[16]
[17]
[18]

[19]

(20]
(21]
[22]

(23]

[24]

Dboan, T. V., va cs. / Tap chi Khoa hoc Cong ngh¢ Xay dung

Truong, V. D., Kim, M. O., Kim, D. J. (2021). Feasibility study on use of waste fishing nets as continuous
reinforcements in cement-based matrix. Construction and Building Materials, 269:121314.

Tien, T. M., Vu, X. H., Lam, D. P., Tho, P. D. (2021). A 3-D finite element modeling for the textile-
reinforced concrete plates under tensile load using a non-linear behaviour for cementitious matrix. Journal
of Science and Technology in Civil Engineering (STCE) - NUCE, 15(1):67-78.

Truong, V. D., Noh, H. W., Kim, D. J. (2023). Effects of adding short fibers on impact resistance of glass
textile reinforced cementitious composites under direct tension. Construction and Building Materials,
379:131220.

Truong, V., Ngo, T., Nguyen, V., Pham, N., Do, V., Kim, D. (2025). Direct tensile characteristics of
textile reinforced cementitious composites: Effects of textile types and epoxy resin coating at the joints of
textile grid. Construction and Building Materials, 481:141545.

Hankers, C., Matzdorff, D. D., Matzdorff, D. D. (2010). Strengthening reinforced concrete elements using
textile reinforced shotcrete concrete. Plan Zwo.

Hegger, J., Horstmann, M., Zell, M. (2008). Applications for TRC. Prague.

Ajdukiewicz, A., Kotala, B., Weglorz, M. (2012). Concept and practical applications of textile reinforced
concrete. Jasienko, J., editor, Structural Analysis of Historical Constructions, Wroclaw, Poland, DWE,
760-766.

Liu, D., Huang, H., Yue, Q., Xue, Y., Wang, M. (2015). Behaviour of tunnel lining strengthened by
textile-reinforced concrete. Structure and Infrastructure Engineering, 12(8):964-976.

Triantafillou, T. (2016). Strengthening of existing concrete structures. Textile Fibre Composites in Civil
Engineering, Elsevier Ltd., 303-322.

Peled, A., Mobasher, B., Bentur, A. (2017). Textile reinforced concrete. Modern Concrete Technology,
Taylor & Francis Group, LLC.

De Munck, M., El Kadi, M., Tsangouri, E., Vervloet, J., Verbruggen, S., Wastiels, J., Tysmans, T., Remy,
0. (2018). Influence of environmental loading on the tensile and cracking behaviour of textile reinforced
cementitious composites. Construction and Building Materials, 181:325-334.

Bompadre, F., Donnini, J. (2021). Surface modification of glass textile for the reinforcement of a cement-
based composite: A review. Applied Sciences, 11(5):2028.

Truong, V. D., Noh, H. W., Kim, D. J. (2022). Rate-sensitive tensile resistance of glass textile reinforced
cementitious composites. Construction and Building Materials, 360:129553.

Truong, V. D. (2022). Tensile stress versus strain response of textile reinforced cementitious composites.
PhD Thesis, Sejong University, Civil and Environmental Engineering, South Korea.

Du, Y., Zhang, M., Zhou, F., Zhu, D. (2017). Experimental study on basalt textile reinforced concrete
under uniaxial tensile loading. Construction and Building Materials, 138:88—100.

Zhou, F., Liu, H., Du, Y., Liu, L., Zhu, D., Pan, W. (2019). Uniaxial tensile behavior of carbon textile
reinforced mortar. Materials, 12(3):1-19.

Quang, N. D., Cuong, N. H., Tién, N. D. (2020). Nghién ctu thuc nghiem va tinh toan cot bé tong cot
thép chiu nén dung tam duogc tang cuong bang bé tong cot luoi det cac bon. Tap chi Khoa hoc Giao thong
Van tai, 71(8):486—499.

Ngoc, T. C. T., Huy, N. X., Binh, N. N., Hau, P. M. (2021). Ung xir chiu cit cia dam bé tong cdt thép
GFRP dugc gia cuong bang bé tong ¢t ludi dét. Tap chi Khoa hoc Giao théng Van tdi, 72:932-944.
Thuy, P. T. T., Huy, N. X, ST, N. Q., Trung, N. M. C. (2022). Phén tich tmg xir chiu cit ciia dim bé tong
bt phi kim loai. Tap chi Khoa hoc Cong nghé Xay dung, 1:3-8.

Cuong, N. H., Tai, . H., Canh, L. M. (2022). Nghién cttu thyc nghi¢m xac dinh Gng x1r chiu cit cua dam
bé tong bt ludi dét. Tap chi Khoa hoc Giao thong Van tai, 73:111-126.

Peled, A., Cohen, Z., Pasder, Y., Roye, A., Gries, T. (2008). Influences of textile characteristics on the
tensile properties of warp knitted cement based composites. Cement and Concrete Composites, 30(3):
174-183.

Truong, V. D., Park, J. K., Lee, S. Y., Han, T. H., Kim, D. J. (2023). Feasibility of hybrid waste fishing net
textile and fiber reinforced cementitious composites in strengthening concrete and retrofitting damaged
concrete. Journal of Building Engineering, 74:106926.

102


https://doi.org/10.1016/j.conbuildmat.2020.121314
https://doi.org/10.1016/j.conbuildmat.2020.121314
https://doi.org/10.31814/stce.nuce2021-15(1)-06
https://doi.org/10.31814/stce.nuce2021-15(1)-06
https://doi.org/10.1016/j.conbuildmat.2023.131220
https://doi.org/10.1016/j.conbuildmat.2023.131220
https://doi.org/10.1016/j.conbuildmat.2025.141545
https://doi.org/10.1016/j.conbuildmat.2025.141545
https://doi.org/10.1016/j.conbuildmat.2025.141545
http://www.abece.com.br/web/restrito/restrito/pdf/ch051.pdf
https://doi.org/10.1080/15732479.2015.1076009
https://doi.org/10.1080/15732479.2015.1076009
https://doi.org/10.1016/B978-1-78242-446-8.00014-8
https://doi.org/10.1201/9781315119151
https://doi.org/10.1016/j.conbuildmat.2018.06.045
https://doi.org/10.1016/j.conbuildmat.2018.06.045
https://doi.org/10.3390/app11052028
https://doi.org/10.3390/app11052028
https://doi.org/10.1016/j.conbuildmat.2022.129553
https://doi.org/10.1016/j.conbuildmat.2022.129553
https://doi.org/10.1016/j.conbuildmat.2017.01.083
https://doi.org/10.1016/j.conbuildmat.2017.01.083
https://doi.org/10.3390/ma12030374
https://doi.org/10.3390/ma12030374
https://doi.org/10.28991/cej-2020-03091558
https://doi.org/10.28991/cej-2020-03091558
https://doi.org/10.47869/tcsj.73.2.2
https://doi.org/10.47869/tcsj.73.2.2
https://doi.org/10.1016/j.cemconcomp.2007.09.001
https://doi.org/10.1016/j.cemconcomp.2007.09.001
https://doi.org/10.1016/j.jobe.2023.106926
https://doi.org/10.1016/j.jobe.2023.106926
https://doi.org/10.1016/j.jobe.2023.106926

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Dboan, T. V., va cs. / Tap chi Khoa hoc Cong ngh¢ Xay dung

Truong, V. D.,Noh, H. W., Park, J. K., Han, T. H., Kim, D. J. (2024). Pullout resistance of waste fishing net
embedded in the interface between the concrete and fibrous mortar matrix: Test method and experimental
investigation. Construction and Building Materials, 418:135397.

ASTM C109/ C109M-20 (2020). Standard test method for compressive strength of hydraulic cement
mortars (using 2-in. or [50-mm] cube specimens). American Society for Testing and Materials.

KS K 0521:2017 (2017). Textiles-Tensile properties of fabrics-Determination of maximum force and
elongation at maximum force using the strip method. Korean Agency for Technology and Standards
(KS).

RILEM Technical Committee (2016). Recommendation of RILEM TC 232-TDT: test methods and design
of textile reinforced concrete. Materials and Structures, 49(12):4923-4927.

Kim, H.-S., Truong, G. T., Park, S.-H., Choi, K.-K. (2018). Tensile properties of carbon fiber-textile
reinforced mortar (TRM) characterized by different anchorage methods. International Journal of Concrete
Structures and Materials, 12(1):1-13.

Tien, T. M., Tu, D. N., Hong, V. X. (2021). A state-of-the art review of tensile behavior of the textile-
reinforced concrete composite. Transport and Communications Science Journal, 72(1):127-142.
Ferrara, G., Pepe, M., Martinelli, E., Tolédo Filho, R. D. (2021). Tensile behavior of flax textile
reinforced lime-mortar: Influence of reinforcement amount and textile impregnation. Cement and
Concrete Composites, 119:103984.

103


https://doi.org/10.1016/j.conbuildmat.2024.135397
https://doi.org/10.1016/j.conbuildmat.2024.135397
https://doi.org/10.1016/j.conbuildmat.2024.135397
https://doi.org/10.1617/s11527-016-0839-z
https://doi.org/10.1617/s11527-016-0839-z
https://doi.org/10.1186/s40069-018-0296-x
https://doi.org/10.1186/s40069-018-0296-x
https://doi.org/10.47869/tcsj.72.1.14
https://doi.org/10.47869/tcsj.72.1.14
https://doi.org/10.1016/j.cemconcomp.2021.103984
https://doi.org/10.1016/j.cemconcomp.2021.103984

	1 Giới thiệu
	2 Chương trình thí nghiệm 
	2.1 Sơ đồ chương trình thí nghiệm
	2.2 Vật liệu
	2.3 Chuẩn bị mẫu thí nghiệm
	2.4 Phương pháp thí nghiệm

	3 Kết quả thí nghiệm và bàn luận
	3.1 Quan hệ ứng suất biến dạng kéo của bê tông cốt lưới sợi dệt thủy tinh
	3.2 Ảnh hưởng của số lớp lưới đến khả năng kháng kéo của bê tông cốt lưới sợi dệt thủy tinh
	3.3 Ảnh hưởng của cấu trúc lưới đến khả năng kháng kéo của bê tông cốt lưới sợi dệt thủy tinh

	4 Kết luận

