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TGM TAT

Nang lrgng phé huj cing thang si dac trung ma hinh phat trién it
cia bé tong tinh nang cao (high-performance fiber-reinforced
concrete - HPFRC) duge xéc dinh trong bai bao nay thong qua ket qua
thi nghigm kéo truc tigp. Ba loai cot spi thep khac nhau vé loai si
nhung cung ham lwgng 1.5% thé tich dugc ding gia cuang HPFRE nhu
sau: sgi ngdn phang (N), soi dai cd mac hai ddu (D), sgi hn hop gom
.0% soi dai co mdc hai ddu + 0.0% sgi ngén phéng (H). Soi thep dai
co mac hai ddu va soi thép ngdn phang co ti & hinh dang chiéu
dai/duang kinh 1an lugt 13 35/0.5 mm va 13/0.2 mm. K&t qua nghién
ciru cho thdy nang lrong phé huy dudi tai kéo truc tiép coa HPFRC
chira héin hp spi can nhat, ca giai doan trude dinh va sau dinh duang
cong quan hé (ng sudt - bien dang, du tong ham lreng cdt soi gia
cudmng van & mirc 1.%. Chiu dai viing nirt lién két, mat thang sd quan
trong trong ma hinh phat trién nit cing duge danh gia, thao luan.

Tir khaa: HPFRC; nang lrong pha hiy; chiéu dai not lien két; phat
trign nat.

ABSTRACT

Fracture energy and parameter of crack propagation model of
HPFRCs under direct tension were determined in this paper based
on test results. Three fiber types embedded in HPFRCs with their
same volume content of 1.5 vol.% as follows: short smooth fiber,
long hooked fiber, and hybrid fiber (including 1.0% long hooked
fiber blended with 0.5% short smooth fiber). The long hooked and
short smooth fiber have their aspect ratios 35/0.0 mm va 13/0.2
mm, respectively. The test results showed that, the energy
fracture of HPFRC containing hybrid fiber revealed the highest
fracture energy, in both zones within and beyond of the peak of
stress-displacement response cures, although the fiber amounts
added in HPFRCs were identical. The length of cohesive crack of
HPFRCs, an important parameter of crack propagation model
under direct tension, was also assessed and discussed.
Keywords: HPERC: fracture energy; cohesive crack length; crack
propagation.

1. GIGITHIEU

Nhu cdu phat trién vat liéu xay dung bén viing dudi tac dong
thién tai va méi trudng xam thuc ngay moét cao. Tran dong dat lich
st & Thé Nhi Ky va Syria vao thang 2/2023 da gay ra thiét hai l6n vé
G 5@ vat chat va con ngudi [1]. Cac cdng trinh hiu nhu bi sap d6
do sy tan pha cla tran dong dat [2]. Bé tdng truyén thong la vat
lieu xay dung phd bién, tuy nhién vat liéu nay dugc danh gia la c6
dé gion 16n va bén kém dudi tai thién tai va xam thuc do nang
lugng hadp thu kém, vét nut phat trién nhanh. Bé tong tinh niang
cao gia cudng cét sgi (high-performance fiber-reinforced concrete
- HPFRQ) dugc phét trién gan day dugc xem la vat liéu xay dung rat
c6 trién vong bai dé déo I6n, bén co hoc va khang nit tét [3-5]. Vi
vay viéc ap dung HPFRC vao céng trinh dan dung hay ha tang giao
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théng dugc mong dgi dem lai su bén ving lau dai, giam chi phi
duy tu bao dudng, mac du kinh phi dau tu ban dau cé cao hon bé
téng truyén thong.

Tinh chat co hoc ctia HPFRC co ban phu thudc vao cusng do
bam dinh gilra c6t sgi gia cudng va viia bé tong. Ba yéu t6 chinh
tac dong cuong do bam dinh la ddc tinh vat liéu vira bé tong, dac
tinh soi thép gia cudng va dic tinh ving chuyén tiép ITZ
(Interfacial Transition Zone), dugc mé ta trong Hinh 1 [6]. Theo nhu
Hinh 1, cac déc tinh cta cét sgi bao gém hinh dang, cudng do, do
cuing, hé sé poisson, chiéu dai, goc nghiéng. Hién nay, thong tin vé
anh hudng loai soi gia cudng (hinh dang soi) dén nang lugng pha
hay va dac trung mé hinh phat trién ndt ca HPFRC van con han
ché. Do dé, viéc nghién ctiu nang lugng pha hay va dac trung mo
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hinh phat trién nut ca HPFRC (st dung vat liéu va ché tao tai Viét
Nam) la can thiét. K&t qua nghién cudu trong bai bao nay cung cap
théng tin hitu ich gidp hiéu ré hon vé dic tinh pha huy HPFRC, tu
do Ung dung vat liéu nay mot cach hgp ly, ddm bao an toan cho
cac céng trinh xay dung.

Vira bé tong Cl-r? ne d.(_) !)am‘fi‘m Viing chuyén
giita s¢1 gia cudng tiép ITZ
Cdb phéi Y3 vira b tong Cdu trie sgi
Cuong do D6 réng
Dg citng Ty trong
Hé 56 Poisson Soi thép gia cudng D6 ciing cuc bo
Thoi gian dwdng ho Hinh déing Cueong do cuc bg
Diéu kién dwtng hé Cueong ds Xie ly
D¢ citng
Hé 56 Poisson
Chiéu dai
Goc nghiéng

Hinh 1 - Cac thdng s6 dnh hudng dén cudng do bam dinh clia sgi thép va viia bé tong

2. THiNGHIEM

2.1 So dé thinghiém

So d6 thi nghiém duogc thé hién & Hinh 2. Ba loai HPFRC thi
nghiém dugc gia cudng cét sgi thép khac nhau vé loai sgi nhung
cung ham lugng thé tich 1.5% nhu sau: sgi ngan phéng (N), sgi dai
¢6 méc hai dau (D), sgi hdn hap (H) gém 1.0% sdi dai c6 méc hai
dau + 0.5% sgi ngén phang.

Téi trong kéo
truc tiép

Bé tong tinh ndng cao

Bang 2. Tinh chat ca ly clia cac loai sgi thép

Budng | Trong | s qun | Cusng
- kinh/ lugng NS o

Loai sgi Chiéu dai riéng dan hoi do kéo
(mm) (g/cm?) (GPa) (MPa)

Soi thép dai c6
o hatdsa ©) | 0535 7.9 200 > 1200
50i thép ngan 0.2/13 7.9 200 > 2500

phang (N)

(HPFRC)
Soi dai ¢6 moc hai dau Sgi ngén Soi dai c6 méc hai dau 1.0%
1.5% phang 1.5% Soi ngdn phing 0.5%
(D) N) (H)
; . Xac dinh chiéu
Ning lh‘f“g i i
Y két L,

Hinh 2 - S¢ d6 thi nghiém

2.1 Vat liéu va ché tao méu

Bang 1 cung cdp thdng tin vé ti 1é trong lugng cac thanh phan
clia HPFRC, bao gém: xi mang, silica fume, cat, tro bay, phu gia héa
déo va nudc. Bang 2 tém tat tinh chat co ly cta 2 loai sgi thép dung
trong HPFRC, bao gom ty lé dudng kinh/chiéu dai sgi thép, trong
lugng riéng, mé dun dan hoi, cudng dé kéo. Hinh 3 mé ta anh
chup cua 2 loai sgi thép dugc dung trong thi nghiém nay.

Bang 1. Thanh phan vira bé tong HPFRC theo ti l1& khéi luong

Xi mang fslll:w:z Cat Tro bay :g:dgélz Nudc
0.8 0.07 1 0.2 0.04 0.26

=03 =35

a) Soi ngdn phang b) Sai dai ¢ mdc hai dau

Hinh 3 - Anh chup hai loai sgi duotc si dung trong HPFRC

2.3 Thiét Idp thi nghiém

Hinh 4a mé ta kich thudc cia mau kéo trong khi Hinh 4b thé
hién thiét 13p thi nghiém kéo truc ti€p thuc hién trong bai bdo nay.
Tat cd cac mau kéo dugc thuc hién bdi may thi nghiém da nang.
T6c a6 dich chuyén cua tai trong khong ddi 1.0 mm/phut dugc ap
dung cho tat c& cadc mau kéo. Tai trong tac dung ( P ) va chuyén vi
doc truc (') dugc ghi lai véi tan s6 1 Hz. Trong suét qua trinh thi
nghiém, mau dugc can chinh can than dé giam thi€u anh hudéng
cla dod léch tam. Tat ca cac thi nghiém dugc thuc hién & nhiét dé
phong 28+5 °C. Bién dang dugc do bang cdm bién bién dang dong
dién (LVDTs).

Gia tri Ung suat kéo (o) dudc tinh théng qua biéu thic:
o =P/ F ,trong d6 P la tai trong 4p dung, F la dién tich mat cat
ngang clla mau kéo. Khad nang hap thu nang lugng kéo (G, ) dugc
dinh nghia la dién tich dusi dudng cong ung xt kéo (Hinh 5) va
dugc tinh bang cong thuc (1), téng nang lugng hap thu G, dugc
tinh bang céng thuc (2) [7]

o
G.=17, = £ o(6)do m
G, =1 e t G. (2)
Trong do:

7, : Nang lugng tdng ciing
G, :Nang lugng pha huy
G, : Téng nang lugng hdp thu
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a) Kich thuée mau kéo

b) Thiét Igp thi nghiém kéo truc tiép
Hinh 4 - Lap dat va thiét 1p thi nghiém kéo truc tiép
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Hinh 5 - Minh hoa thong s6 nang lugng cta HPFRC dudi tai trong kéo truc tiép

Hinh 5 mé ta toan bo qua trinh ti€p nhan tai dén khi pha hoai
hoan toan gém ba vung chinh: viing dan hoi chua xuat hién nat,
viing tang ciing cd hoc xuat hién nhiéu vi nit, vung gidm cing co
hoc m& rong vét nt chinh [7]. Trong viing gidm cuing co hoc, doan
nét nut kéo dai trén cg sd ti€p tuyén vai dudng cong Uing xU tai
diém ngung tai. Day clng la vung xéac dinh nang lugng pha huy
cung théng s dac trung mé hinh phat trién ndt ca HPFRC.

< L.=FPZ J‘ Ving niit
Ving niit lién két \ i do
Viing Viing nirt R
Fehwa niet” [~ thiec @ >

Hinh 6 - M6 hinh phat trién vét n(t

Mé hinh phat trién vét nit dugc mo ta tai Hinh 6 [8]. Theo mo
hinh nay, chiéu dai viing nut lién két ( Lcz ) duge xac dinh bang
khoang céch tir diém c6 d& ma rong khe nit w =0 (tuong (ing
véi Ung sudt t6i da o, ) dén diém c6 d6 md rong khe nit
W =W, (tuong Ung véi Ung suat gidm con 0). Chiéu dai nut lién
két cang 16n thé hién sic khang m& réng nut cang cao. Chiéu dai
vung nut lién két dugc xac dinh théng qua phuong trinh (3) [9] :

G T
L =E—¢_-fF_*
) e

()

Trong biéu thic (3), L_la chiéu dai vung ndt lién két, E la

3)

modun dan héi cda vat lieu, G

=+ T, Va 0, lan lugt la ning
lugng pha hly, nang lugng tang cling va Ung suat toi da dudi tai

trong kéo truc tiép.

4, KET QUA THi NGHIEM VA BAN LUAN
4.1 Két qua thi nghiém
Hinh 7 a,b va c 1an lugt thé hién mdi lién hé gilra Uing sudt
kéo truc ti€p va chuyén vij tuong tng ctia HPFRC khi dung sgi dai
c6 moc hai dau (Hinh 7a), sgi ngdn phang (Hinh 7b), sgi hén hop
(Hinh 7¢) [10]. Bang 3 cung cdp théng s6 kéo cla cac HPFRC dugc
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gia cuong céc loai sgi khdc nhau cé cung ham lugng [10]. Céc
thong s6 nghién cliu bao gém: Uing suét kéo o, va chuyén vi
0, Btuong Uing véi ling suat o, tai dinh dudng cong, phan kéo
dai ving md réng vét nut dua trén cg sé tiép tuyén véi dudng
cong Ung xU tai diém ngung tai.

Bang 3. Cac théng s6 kéo clia cac loai HPFRC

Loai soi Chuyénvi &, Ung suat O,
mm MPa
Mau 1 0.32 8.13
Méau 2 0.35 7.79
Mau 3 0.27 7.40
Mau 4 0.32 7.82
Sdi dai c6 méc hai dau (D) 0.31 7.79
Mau 1 0.23 7.03
Mau 2 0.27 6.76
Mau 3 0.24 6.67
Mau 4 0.25 7.41
Soi ngén phang (N) 0.25 6.97
Méau 1 0.3 9.48
Méau 2 0.42 10.01
Mau 3 0.32 9.93
Mau 4 0.4 9.87
Mau 5 0.35 9.74
Sgi hén hap (H) 0.36 9.81
12 12 .
Soi dai moc hai Sei ngén phang 1.5%
~ " dAu1.5% . = :<_>: “‘ L‘l
é‘)- —{—Mau ks % T —“— : ]
= T : — s | ) = M kéo 4
% o ffl R %‘u ¢ "?‘K Phén kéo dai
= 1.! ‘ u Phin kéo dai = ! ‘ /7
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i [
' ; Ge. ... “]
0 = e (i 1
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a) Soi dai cé mdc hai ddu (D) b) Sgi ngdn phang (N)
12
SQi hén hgrp 1.5%
—8— Miu kéo 1
E & Miu kéa 2
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E Phén kéo dai
S
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Chuyén vi (mm)
¢) Sai hén hop (H)
Hinh 7 - Ung xt uén ctia cac loai HPFRC
4.2 Théng sé néng lugng va chiéu dai viing nat lién két cda
HPFRC duéi tdi trong kéo truc tiép
Bang 4 cung cdp théng sé nang lugng ctia HPFRC, bao gém
mo6 dun dan héi khi kéo ( E ), nang lugng tang clng (7,.) ndng

lugng pha hay (G, ), tdng nang lugng hép thu (G, ) va chiéu dai
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vét nut lién két (Lez ). Théng s6 E dugce suy ra tir hé s6 goc cla
dudng cong (ing xu giai doan tuyén tinh & Hinh 7 (khi tai con nho).
Két qua trong Bang 4 dugc lay trung binh tir it nhat bon mau thu
nghiém cho méi loat mau. Hinh 8 thé hién su so sanh gilta cac
théng s6 nang lugng ctia HPFRC dudi tai trong kéo truc ti€p. Theo
quan sat tai Hinh 8, th tv G_ nhu sau: Sgi ngén phang (1.63
MPa.mm) < Soi dai c6 méc hai dau (3.69 MPa.mm) < Soi hén hop
(5.37 MPa.mm). Két qua clia toan bo nang lugng hap thuy, G, , cling

w’
c6 thu tu tuong tu: Sgi ngén phang (2.78 MPa.mm) < Soi dai c6
moc hai dau (5.23 MPa.mm) < Sgi hén hgp (7.64 MPa.mm). Theo
thoéng tin trong Hinh 8, ndng lugng trong vung phé huy I6n hon
nhiéu so véi ndng lugng trong giai doan tang cling co hoc, c6 thé
Ién dén 2.37 lan (trudng hop ¢t sgi hén hop). Thi tu théng s6
chiéu dai nut lién két: Soi ngan phéng (239.49 mm) < Sai dai c6
moc hai dau (250.78 mm) < Sgi hén hgp (274.47 mm). Nhin chung,
cac mau kéo HPFRC st dung sgi hén hgp gia cudng thé hién cao
nhat vé nang lugng va chiéu dai viing lién két nut.
Bang 4. Thong s6 nang lugng va chiéu dai vung nut lién két

Loai sgi E Tpe G, G, Lez
MPa MPa.mm | MPamm | MPa.mm mm
Mau 1 5145.74 1.63 482 6.45 374.73
Mau 2 4273.61 1.68 461 6.29 324.97
Mau 3 4108.7 1.19 442 5.61 33131
Mau 4 4527.59 1.68 0.9 258 66.87
Soi dai c6 méc hai dau (D) | 4513.91 1.54 3.69 5.23 274.47
Mau 1 6145.94 1.04 1.73 2.76 214.98
Mau 2 7080.58 133 1.41 2.74 218.84
Mau 3 7175.64 1.11 1.61 2.72 259.85
Mau 4 6755.67 1.15 1.75 29 2443
Sai ngdn phang (N) 6789.46 1.15 1.63 2.78 234.49
Mau 1 4124.15 1.82 6.14 7.96 281.63
Mau 2 4286.1 2.63 5.25 7.88 224.99
Mau 3 4540.61 1.91 5.73 7.64 263.69
Mau 4 4389.76 2.72 535 8.07 241,14
Mau 5 5264.72 2.27 437 6.64 242.45
Sgi hon hgp (H) 4521.07 2.27 537 7.64 250.78
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Nang heong phd iy _
Nang liegng ting cieng .64

™
q =2 8 B

Nang lwgng kéo (MPa.mm)
B

Chiéu dai nirt lien két (mm)

2

=

s 0 E
D H N D H

Hinh 8 - So sénh thdng s6 néng luong Hinh 9 - So sanh thong s6 chiéu dai
viing nt lién két

N

Méu ¢ nhidu vét ni
Kbu vire do d6 gian g M edng vét mit
chinh
)

p%iwp

Chi tiée vt nit chinh sit dung hin hyy
s0i thép.

kéo

Vétnit hep

3ong bong

Soi thip

Soi thip

Soi nho phing hd o lien kétvot
Vét nit hep s b 6 moe hai diu

Hinh 10 - Co ché lién két niit bang sgi hon hgp (H).

Cac dac tinh vat liéu cing nhu lién két gilra sgi thép va viia bé
téng co thé sir dung dé giai thich cac két qua thi nghiém. Su pha
trén gilta sgi to c6 moc hai dau va soi nhd phang co thé tac dong
I6n dén viéc tang cudng suc khang nit nhu mé ta trong Hinh 10.
Khi vét nuit xuat hién, ca soi nhd phéng va sgi to c6 méc hai dau c6
tac dung chang vét nut, ngan cdn md rong va phat trién vét nut.
Park va cac cong su [11] cho rang nhing cét sgi thép to dong vai
trd chinh nang cao kha nang bién dang cla bé téng cét sai trong
khi sgi thép nhd cé thé gilp cai thién cudng do kéo. Nhu vay su
tuong hé gilra sgi to va soi nhé mang lai hiéu qua kinh té€ vi khéng
lam tdng ham lugng cét sgi thép gia cudng ma van dat dugc stic
khang co hoc, stic khang nut t6t.

5. KET LUAN

Bai bao nay cung cap théng tin hitu ich vé ing x kéo, nang
lugng pha hay va chiéu dai vét nut lién két. Dua trén két qua thi
nghiém va phan tich, c6 thé két luan nhu sau:

- Nang lugng pha huy I6n hon nang lugng téng ciing co hoc
dugc quan sat thdy & HPFRC véi ham lugng soi 1.5% theo thé tich
véi ba loai sgi nghién cuu.

- Thar ty 16n dan cudng do kéo, nang lugng pha huy, chiéu dai
vlng nut lién két nhu sau: Sgi ngén phang < Sgi dai c6 hai dau
moc < Sgi hén hap.

- Su pha trén gilta sgi thép to cé moc hai dau va sgi nhé phéng
c6 thé cai thién stic khang co hoc va khang nat ctia HPFRC.
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