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TGM TAT

Bai bao trinh bay kha ndng hap thu ning lugng coa bé tang tinh
ning cao (high-performance fiber-reinforced concrete - HPFRE)
thang qua ket qué thi nghiém nén va udn. Ban loai HPERC thi
nghiém duoc gia cuing cot sgi thép khac nhau vé loai soi va ham
|irgng the tich: khong sei, sgi nha 1,5%., si to 1.0%, sgi hén hop
gdm 1.0% soi to + 0.5% soi nha. Spi thép to cd hinh dang hai déu
mac chiéu dai 30 mm va duang kinh 0,0 mm. Sgi thép nha ca hinh
dang thang chiéu dai 13 mm va duang kinh 0.2 mm. Ket qué thi
nghiém cho thdy ning lrgng hép thy cia HPFRC co soi gia cuing
duge cai thien dang ké so vai HPFRC khéng si, cé trong thi
nghigm nén 1an udn. Ngoai ra, HPFRC chira hén hop sgi ca ning
|rgng hap thu cao nhét do tdng ham legng cdt spi gia cudng vén @
mirc 1,0%.

Tir khaa: HPFRC; nang legng hap thy; cuang da nén; cuang da udn.

ABSTRACT

This paper reports the energy absorption capacity of HPFRCs under
compression and bending through an experimental investigation.
There were four types of HPFRCs with different steel fiber types and
volume contents as follows: no fiber, macro fiber 1.3%, micro fiber 1.5
%. and hybrid fiber including 1.0% macro fiber blended with 0.5%
micra fiber. The macro fiber used in this research is hooked-end type
with its a length of 35 mm and a diameter of 0.0 mm. The micro fiber
used is smooth type with its a length of I3 mm and a diameter of 0.2
mm. According to the test results, the energy absorption capacity of
HPFRCs containing steel fiber were enhanced clearly, in comparison
to HPFRC with no fiber under both compression and bending. Besides,
the HPFRC with hybrid fiber demonstrated the highest energy
absorption capacity, in despite of the same fiber content of 1.0%.
Keywords: HPFRC: energy absorption capacity; compressive
strength; bending strength

1.GIGI THIEU

Bé téng tinh nang cao (high-performance fiber-reinforced
concrete - HPFRC) dugc xem la vat liéu xay dung rat c6 trién vong
vi s& htu tinh chét co hoc uu viét bao gom cudng d6 chiu nén cao,
kha nang khang nut t6t do c6 cdu trac rat dac, 16 rbng nho va it
giup gidm tham. Dac biét khi dugc tron cot sgi vai thanh phan hop
ly, bé tdng tinh nang cao cé cudng do6 chiu kéo cao, d6 déo dai I6n,
kha nang hap thu nang lugng rat I6n [1-4]. VGi nhiing tinh chat uu
viét néu trén, HPFRC dugc mong dgi sé cai thién dang ké kha ning
chiu téi cling nhu d6 bén clia cong trinh.

Trong ché tao HPFRC, c6t soi gia cudng ddng vai trd 16n trong
viéc hinh thanh tinh tang cling co hoc (strain-hardening) [5-7]. Bay
la tinh chat uu viét cia HPFRC cai thién phan nao tinh gion ¢6 hiu
cla bé téng thudng cing nhu lam tang kha nang hap thu nang
lugng co hoc dudi tac dung cua tai trong. Cac yéu té anh hudng tir
c6t sgi bao gdbm hinh hoc sgi, ty 1& hinh dang, ham lugng soi,
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cudng dé kéo dut va su phan bé cét sgi. Mot s6 nghién ctu gan
day cho thay su két hgp nhiéu loai sgi c6 kich thudc khac sé tao
hiéu Gng tuong hé lam tang tinh nang cd hoc cta HPFRC dudi
nhiéu loai tai khac nhau nhu tai kéo truc ti€p [8-10], tai uén [11], tai
cét [12]. Theo cac cdng bé nay, hén hgp sgi to-nhd két hgp c6 thé
tao ra stic khang co hoc ctia HPFRC t6t hon so véi st dung cét sgi
don véi cung ham lugng. Do vay, nghién ctiu nay dung sgi hén
hop @é ché tao vat liéu HPFRC thi nghiém dudi tai nén va uén, sau
d6 khdo sat, danh gia kha nang hap thu nang lugng ctia HPFRC.
Thong tin tur két qua nghién cdu gitp cac ky su xay dung ap dung
HPFRC hgp ly va an toan cho céng trinh.

2. THI NGHIEM

2.1 So dé thinghiém

Hinh 1 m6 ta so dé thi nghiém nghién ctiu trong bai bao nay.
Theo so d6 nay, c6 bén loai HPFRC thi nghiém dugc gia cudng cét



sai thép khac nhau vé loai sgi va ham lugng thé tich: khéng sgi, soi
nhd 1,5%, sgi to 1,5%, sgi hén hap gém 1.0% sdi to + 0.5% sdi nhé.
Tai thi nghiém bao gém tai nén va uén. Mau nén dung mau lang
tru kich thudc 114200 mm, mau uén c6 kich thuéc
rongxcaoxchiéu dai nhip 40x40x120 mm (chiéu dai mau uén la

160 mm).
|
BT tinh nang cao
(HPFRC)
' ' | } |
0,
Khéngsei, | To1,5% | Nhé1,5% 1\?1:)61605/0;
5%
X (T ™ H)

Hinh 1- So d6 thi nghiém

2.2 Vat liéu va ché tao mau

Bang 1 cung cép ti lé trong luogng thanh phan cac vat liéu tao
thanh HPFRC. Bang 2 cung cap tinh chat co ly cla sgi thép dung
trong HPFRC, ham lugng theo thé tich ctia hén hgp 2 loai soi gém:
soi to 1.0 %, sgi nhd 0.5 %. Hinh 2 thé hién hinh chup 2 loai sgi
thép dugc st dung dé ché tao cac HPFRC thi nghiém.

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

Ximédng ?l:hr;: Gat Tro bay E:: 3; Nudc
(kg/m?3) (kg/m?) (kg/m3) (kg/m?3) (kg/m?) (kg/m?3)
0,80 0,07 1,00 0,20 0,40 0,26
Bang 2. Tinh chat co ly cta cac loai sgi thé
Dudng kinh/ | Trong lugng Mé dun Cudng do
Loai soi Chiéu dai riéng dan hoi kéo
(mm) (g/cm?®) (GPa) (MPa)
Sai thép to, hai dau mdc 0,5/35 79 200 > 1200
Sgi thép nho, thang tron 0,2/13 79 200 > 2500

d—0.5mm, 435

b) Sqi to

a) Soi nho

Hinh 2. Anh chup cac loai sgi duotc sit dung trong HPFRC

3.2 Ldp dqt va thi nghiém

Hinh 3 thé hién thiét [ap thi nghiém nén va uén mau. T4t ca cac
mau udn dugc thi nghiém duéi so d6 ba diém uén. May UTM c6
khé nang tai I6n nhat 1000 kN ghi lai gia tri tai va chuyén vi trong
qua trinh ap tai. Trong thi nghiém nén, tng suat (o ) va bién dang
nén (&) dugc tinh toan lan luot theo biéu thic (1) va (2), dinh
dudng cong Ung sudt - bién dang la diém A (gw,fcv) nhu mo ta

trong Hinh 4a. Trong biéu thuc (1) va (2), A la dién tich mau nén,
AH la dé bién dang may thu thap trong qua trinh ap tai, H la
chiéu cao mau nén, P 14 tai tdp trung tac dung Ién m3u nén dugc
mady thu thap.

o=P /A4 (M

e=AH/H )

:

= :
5w ] M&u uén 40x40x160 mm
<3
3 .
Gditya | | 120 || céitya |
‘ ‘
|
I | I
|
‘ May UTM ‘ \
|

a) Thiét ap thi nghiém nén b) Thiét I3p thi nghiém udn ba diém

Hinh 3. Thiét 1p thi nghiém nén va uén mau

Trong thi nghiém uén, Ung suat kéo uén ( ) va d6 véng
tuong d6i (O / L) dugc tinh toan lan lugt theo biéu thiic (3) va (4),
dinh dudng cong Ung suat kéo udn - d6 véng tuong déi la diém
MOR (6 / Ly + frsor) MU M6 ta trong Hinh 4b. Trong biéu thuic
(3) va (4), L la chiéu dai nhip, AH la d6 bién dang may thu thap
trong qua trinh &p tai - dugc xem la dé véng gitta nhip, b va A lan
lugt 1a bé rong va chiéu cao mau udn, P 1a tai tap trung tac dung
Ién gilta nhip dugc may thu thap.

f=15PL/(bh*) 3)

O0/L=AH/L 4)

Kha nang hap thu nang lugng nén (Tcu) dugc dinh nghia la
dién tich duégi dudng cong ting x nén (Hinh 4a) va tinh theo biéu
thic (5). Khd ndng hap thu néng lugng uén (7,,,,) dugc dinh
nghia la dién tich dudi dudng cong tng x& uén (Hinh 4b) va tinh
theo biéu thuc (6).

T, =["o(s)d) (5)
O/ Lyor
Tyor =] " f(6/L)d(5/ L) (6)

A Ung suitnén, o N Ung suéit kéo udn, f

A: Diém phd hogi MOR: Diém phd hogi

A A o MOR

Giam mém co hoc . N

s/— Gidm meém co hoe
S~ \
Ning lwong
héip thu nén, T,, > Nang luon
hip thy uon, Tyor C

(o} > o >

Bién dang nén, & Suon /L DY vong twong dbi, 8/L

a) Ung xtinén b) Ung x{t uon
Hinh 4. Ung x( dién hinh ctia HPFRC du6i t3i trong nén va uén ciing néing lugng hép thu
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3. KET QUA THI NGHIEM VA BAN LUAN
3.1 Két qua thi nghiém
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¢) Sgi nh, 1.5% ham lugng theo thé tich ~ d) Sgi hon hop, 1.5% ham luong theo thé tich

Hinh 5. Ung x& nén clia cac loai HPFRC

Hinh 5 thé hién ting x{ nén (thuc hién trong nghién ctu nay)
va Hinh 6 thé hién Ung x& uén cla cac loai HPFRC (theo nghién
cliu trudc day [7] cla tac gia dau). Bang 3 trinh nay cac thong so6 tai
dinh dudng cong clia Ung x nén va udn. Cac két qua trong bang
nay duoc ldy trung binh ti ba mau thi nghiém cho méi loai
HPFRC. Theo nhu Bang 3, cuong dé nén cao hon cudng do kéo
uén, cho ca 4 loai HPFRC thi nghiém nhu sau: Khéng sgi (8,01 lan),
Sai to (5,70 lan), Sgi nhé (3,26 1an), Sgi hén hop (2,64 1an). Vé anh
hudng cla c6t sgi gia cudng, so vai khdng sai, sgi hédn hgp tao
hiéu qua nhat trong viéc céi thién cudng dé cia HPFRC: ting 1,17
lan dudi tai nén va tang 3,54 lan dudi tai uén. Cac loai sgi to va sgi
nhd st dung don loai cling cdi thién cudng dé ctia HPFRC, ddc biét
la duéi tai uén. Ngoai ra, theo quan sat, sgi nho hiéu qua hon sgi to
trong uén nhung it hiéu qua hon sgi to trong nén trong viéc cai

Bang 3. Thong s6 nén va uén ctia HPFRC

thién cudng dé HPFRC. Hinh 7 va Hinh 8 Ian lugt thé hién mau pha
hoai dudi tai nén va tai uén. Dudi tai trong nén, HPFRC khéng sdi bi
v& vun ra thanh nhiéu manh trong khi HPFRC dugc gia cudng c6t
soi khéng bj v& vun. Dudi tai trong uén, HPFRC khong sgi bi gay
gon thanh hai phan trong khi HPFRC dugc gia cudng cét sgi hai
phan dam van lién két nhau.
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¢) Sgi nh, 1,5% ham lugng theo thé tich
Hinh 6. Ung x{ uén cla cic loai HPFRC

) Soi hon hop, 1,5% ham luong theo thé tich

e By W e ..
(a) Khdng sgi gia cuding (b) €6 sgi gia cudng
Hinh 7. Hinh dnh dién hinh mau nén b pha hoai

Dudi tai trong nén

Loai soi Khéng sgi Sgito 1.5% Sgi nhd 1.5% Sgi hén hgp 1.5%
Cudng db nén, fc (MPa) 83,38 93,55 90,47 97,23
Kha néng bién dang nén, &_ (%) 0,29 0,30 0,31 0,31
Dudi tai trong uon [7]
Loai soi Khéng sgi Sgito 1.5% Sgi nhd 1.5% Sgi hén hop 1.5%
Cudng do udn, £, (MPa) 10,41 16,41 27,76 36,83
Kha nang chiu véng tuong déi, 0 / L (%) 0,36 0,51 0,72 0,78
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Bang 4. Thong s6 nang lugng héap thu ctia HPFRC

Loai soi Khéng sgi Sdito 1.5% Sgi nhd 1.5% Sgi hén hgp 1.5%
Nang lugng hap thu nén, T, (MPa.%) 12,09 14,50 13,57 15,07
Ti lé tdng so véi khong soi 1,00 1,20 1,12 1,25
Nang lugng hap thu uén, 7,,,,
2,06 4,81 12,15 13,31
(MPa.%)
Ti lé tdng so v&i khong soi 1,00 2,34 5,90 6,46

Bang 5. Hé s6 hiép déng clia cac tham s6 nang lugng clia HPFRCs dudi tai trong nén va uén

Tén mau Nang lugng hap thu (MPa.%)

Loai tai trong Tai trong nén Tai trong uén
Sai to, (a) 14,50 4,81
Sainhd, (b) 13,57 12,15
Sgi hon hop, (a+b) 15,07 13,31

Giatri S, +0,039 +0,095

(2) Khong s ' (b) C6 soi gia cudng
Hinh 8. Hinh &nh dién hinh mau udn bi phé hoai

3.2 Néing lugng hdp thu ciia HPFRC dui tdi trong nén va uén Bang 4 cung cdp thong sé kha nang hap thu ndng lugng
clia HPFRC dudi tai nén va uén. Cac két qua trong bang nay
|Tdi trong nén dugc lay trung binh tU ba mau th& nghiém cho méi loat mau.
» Tdi trong udn Hinh 9 thé hién su so sdnh cac théng s nang lugng ciia HPFRC
duéi tai trong nén va uén. Theo nhu quan sat tai Hinh 5, ndng
lugng hap thu ctia HPFRC dudi tai nén ludn cao hon duéi tai
udn, cho ca 4 loai HPFRC thi nghiém. Su chénh léch kha nang
hdp thu ndng lugng gitta nén va uén |6n theo thi tu: Khong sai
(5,87 lan) > Sai to (3,01 1an) > Soi hén hgp (1,13 1an) > Sgi nho
(1,12 1an). V€ anh hudng clia c6t sgi gia cudng, so vai khong sgi,
sgi hén hop tao hiéu qua nhat trong viéc cai thién nang luong
hdp thu cta HPFRC: tang 1,25 lan dudi tai nén va tang 6,46 lan
dudi tai uén. Cac loai sgi to va sgi nho st dung don loai ciing
= I b cai thién nang lugng hédp thu cta HPFRC, dac biét la dudi tai
0 i uén. Diéu nay cé nghia la c6t sgi thép gia cudng trén trong
Khéng sgi Sgito St nhé So1 hon hop HPFRC nhay cdm déi véi tdi uén haon 1a tdi nén. Ngoai ra, theo
Loat méu quan sat, sgi nho hiéu qua hon sgi to trong uén nhung it hiéu

Hinh 9. So sdnh thong s6 nang lugng clia HPFRC qué hon sgi to trong nén.

20

[ [y
=1 o o

Ning luerng hip thy, (MPa.%)
£=9
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3.3 Hiéu quad hiép déng trong théng sé ndng luong hdp
thu cia HPFRC

Hiéu Ung hiép déng clia hé théng sgi hén hop da xay ra
trong HPFRC dudi tai trong uén tinh. Theo két qua nghién cdu
clia Ngo va cong su [12], d6 bén uén do sgi hén hgp tao ra cao
hon dé bén udn dugc tao ra bdi sgi don véi cing ham lugng
theo thé tich giéng hét nhau. Trong nghién ctu nay, dé danh
gid mét cach dinh lugng hiéu qua hiép dong cda sgi hén hgp
déi véi théng s6 nang lugng cha HPFRC, hé sé hiép déng ky
hiéu la S, dugc st dung va dugc tinh theo Biéu thic (7) [12].

(D]
hybrid ,a+b

Trong biéu thirc (7), R la théng s6 nang lugng clia mau

st dung soi thép hén hop, R'.") va R Ian Iugt 1a thong s6

nang lugng cla mau s dung sgi to va sgi nhd. Luu y rang,
v v N v
R RYD vy RV

hybrid ,a+b ' mono,a mono,b

(ham lugng 1,5% theo thé tich). Gia tri duang cla S1 c6 nghia

phai c6 ham lugng sgi giéng nhau

la sgi hén hop thé hién tét hon so véi sgi don

R" —max(R(V’) R(V’))

hybrid ,a+b mono,a ®~ “mono,b
8, = V) ptp )
max(R SR )

‘mono,a ® " “mono,b

Bang 5 cung cdp hé s6 hiép déng cla cac théng sé nang
lugng bao gém nang lugng hap thu dudi tai nén va nang lugng
hdp thu dugi tai uén ctia HPFRC. Theo nhu két qua phan tich tai
Bang 5, gia tri cla Sy theo nang lugng hédp thu duéi tai nén va

tai uén ctia HPFRC lan lugt la +0,039 va +0,095. Ca 2 hé sé hiép
déng déu duang tuc sgi hén hop tao hiéu qua han hé sgi don.
Cu thé, gid tri S, d6i vai thong s6 nang lugng hép thy dusi tai

uén cao hon rat nhiéu so véi gid tri S, dudi tai nén, khodng

0,095/0,039= 2,44 lan, tuc |a, hiéu qua hiép déng hdn hop sgi
thép dudi tai uén ctia HPFRCs, cao hon rat nhiéu so véi dudi tai
nén.

4. KET LUAN

Mot s6 két luan coé thé rut ra ti két qud nghién clu trong
bai bdo nay nhu sau:

- So v&i HPFRC khéng sgi, c6 su gia tdng rd rang vé cudng
d6 nén va cudng d6 kéo udn bang cach tron gia cudng sgi thép
vGi ham lugng 1,5% theo thé tich cho HPFRC. Sgi hén hgp tao
hiéu qua nhat trong viéc cai thién cuong d6 cia HPFRC: tang
1,17 1an duéi tai nén va tang 3,54 lan dudi tai uén.

- Bon loai HPFRC thi nghiém déu cé cudng dd nén cao hon
cudng d6 kéo udn, cu thé nhu sau: Khéng soi (8,01 1an), Sgi to
(5,70 1an), Sgi nhd (3,26 lan), Soi hén hop (2,64 lan).

- So véi HPFRC khéng sgi, c6 su gia tang rd rang vé nang
lugng hap thu dudi tai nén va nang lugng hdp thu duéi tai uén
cho HPFRC ¢6 trén gia cudng sgi thép véi ham lugng 1,5% theo
thé tich cho HPFRC.

- Nang lugng hap thu clia HPFRC dudi tai nén luén cao hon
dudi tai udn, cho ca 4 loai HPFRC thi nghiém. Su chénh léch kha
nang hédp thu nang lugng gitta nén va uén l6n theo tha tu:
Khong sai (5,87 lan) > Sgi to (3,01 lan) > Sgi hén hgp (1,13 1an)
> Sgi nhé (1,12 1an).

- Trong so sanh kha nang hap thu nang lugng ctia HPFRCs,
hiéu qua hiép déng ctia hén hgp sgi thép dudi tai udn cao hon
rat nhiéu so vdi dudi tai nén théng qua két qua phan tich hé sé
hiép déng.
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