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T 6 M T A T : Bai bao trinh bay ung xu nen cua mau 
lang tru tron su dgng be tong tinh nSng cao gia 
cudng cdt sgi {High-performance fiber-reinforced 
concrete, HPFRC) dudi t i i trong nen da trye. Tl i 
h6ng duoc tao ra bSng vd uPVC bao quanh mau 
vdl cic chieu day 0, 3,2 va 3,8 mm Thi nghiem 
nen Ifli HPFRC thyc hien cho ba loai chieu cao 
m lu gdm 200, 400 v i 500 mm. Tat c l mau co 
cung dudng kinh loi be tong la 114 mm. Ket qu i thi 
nghiem duoc phan tich sau do d inh gia 

TC/ KH<!>A: Nen hgn che nd hong, nen da true, v6 
uPVC, HPFRC, Idi be tong. 

ABSTRACT: The paper presents compressive 
responses of cylinder-shaped specimens using 
high-performance fiber-reinforced concrete 
(HPFRC) under multi-axial compression. The lateral 
loadings were produced using uPVC covers with 
their thicknesses of 0, 3 2 and 3.8 mm Three types 
of specimen height were used, including 200, 400 
and 600 mm, subjected to compressive loading at 
HPFRC core All tested specimens had same inner 
diameter of 114mm for HPFRC core. The testing 
results were analyzed and then evaluated 

KEYWORDS: Confined compression, multi-axial 
compression, uPVC cover, HPFRC, concrete core. 

I .OATVANOi 
So vdi b l tdng truyen thdng ed nhape diem I I cadng 

do nIn khdng eao, cadng dp chiu klo thap, dp ben va 
tudi thp cdng trinh k im, be tdng tinh ning cao gia eddng 
cdt spi (high-performance fiber-reinforced concrete, viet 
t i t HPFRC) ed nhieu tinh chat du vi l t bao gdm cadng do 
chju nIn eao (Idn hon 80 MPa), eadng dp chiu keo cao 
(Idn hon 10 MPa), dp d io Idn (Idn hOn 0,4%), kha ning 
hip thu ning lapng rat Idn [1,2]. Hon th i , HPFRC ed khi 
ning khing ndt tdt do cd cau true rat die ket hpp spi 
th ip gia eddng han ch i md rdng v i t nut. Sau khi xuat 
hi ln v i t ndt dau t i ln (first-cracking point), eUdng dp eua 
b^ tdng tfnh ning cao khdng bi suy g i im nhanh nha be 
tdng truyin thdng m i ed the tiep tyc t ing l ln d i n gidi 
han (post-cracking point) cung vdi viec sinh ra nhilu v i t 
ndt r i t nhd giup vat lieu nay cd do dai v i ning lapng hap 
thu Idn [3]. Vdi nhCfng tinh chit eO hoe r l t tdt da the hien, 
HPFRC daoc mong dpi se eli th i ln d ing ke kha nang chiu 
t i i cung nha dd ben eua cdng trinh. 

Cdt I I k i t elu phd bi ln eua mdt edng trinh, sd dung 

HPFRC cho kit eiu cdt cd t h i l im gi lm kich thadc cdt so 
vcn sd dung be tdng thadng, dieu niy thac sa ed y nghTa 
khi edng trinh can cd dp tham my v i hi lu dng ki ln true. 
Mat khic sdc khing n ln eua v i t l i lu gidn (bl tdng l i dai 
diln) chju Inh hadng Idn b^ eic di lu kien bien khie nhau, 
vf du phu thudc vio kich thdde v l hinh dang m lu [4], dd 
minh eua mlu [5], mde dd han che nd hdng eua mau [6]... 
Loai k i t cau chiu nen vd th ip Idng nhdi be tdng d i ddpc 
nhilu tie g i l trong v l ngoii nude nghtin edu [6-10]. Cic 
k i t qui nghien edu niy cho thiy sdc khing co hpc eua be 
tdng CO the t ing cao trong di lu kien cd vd bao bpc Trong 
d in dung va edng nhilp, cdt vd uPVC Idng nhdi be tdng vdi 
UU diem vda thi edng thuin Ipi do t in dyng vd uPVC l im 
v in khudn, vda t ing sdc khing n ln ldi be tdng ben trong 
(Hinh 1. la). Ngoli ra, trong mdi tradng x lm thac, vd uPVC 
bao bpc ngin cich giup han ehi i n mdn vat lieu cdt, nhd 
dd klo d i i tuoi thp edng trinh (Hinh 1. lb). Vile nghiin edu 
dng xd n ln cua HPFRC trong trddng hpp dung vd uPVC 
bao bpc se eung cap thdng tin hdu feh eho cic nhi nghiin 
edu cung nhu eho eie ky sU ki t eiu edng trinh. 

b) - Vd uPVC dw cpt nSm duoi bun am giup h^n chexam thuc ket cau 
Hinh 1.1: Ket cau cot vd uPVC-ldlbe tong trong din dung 

vi c6ng nghiep 
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2.THfNGHl£M 
2.1. Che tao m i u th i nghiem 
So do thac hien thi nghiem duoc t h i hien t r ln Hinh 

2.1. sa dd nay cung c ip thdng tin v l v i t lieu ldi HPFRC, b l 
d iy vd uPVC, kich thadc m lu v l cich nen. Tit e l m lu nen 
hinh lang tru kieh duong kinh trong 114 mm, chieu cao 
gdm ba loai 200 mm. 400 mm va 600 mm. Vd uPVC dung 
ba toai chieu d iy nha sau: 0mm, 3,2 mm v i 3,8 mm, vd 
v i ldi HPFRC khdng l i ln hop nhau. HPFRC dung soi thep 
hdn hop: soi th ip to dang ai d i u mde h i m lapng 1,0% 
theo t h i tieh trdn eung soi thep nhd dang m i t elt trdn, 
phlng. h im laong 0.5% theo t h i tieh. Bdng 2.1 eung elp 
thdng tin v l tinh chat eo ly cua hai loai soi thep. Bdng 2.2 
eung elp ti le thanh phin HPFRC theo trpng lacmg. Vd 
uPVC sddung sin ph im cua Cdng ty Nhaa Binh Minh ed 
eadng dd keo ddt 50 MPa, md-dun d i n hdi 3.000 MPa, 
trpng laong n ing 1,4 g/cm^ Tit c l m l u thi nghilm dapc 
b lo dadng ngim trong be nude ed nhiet dp trung binh 
kholng 25±3'<! v i daoc dem n ln d 28 ngay tudi 

1 

.r: ̂  r-
v*-. 

Hinh 2 J. So do thuc hien thi nghiem 
Bing2.1. Tinh chit co ly cua sen thep 

al«*| Sol(h^flh6IO,Svol.<Si) 

Bing 2.2. Tili thinh phin HPfRC theo trpng liMjng 

C i t t r l n g m m _ ],00 

Xl mang (Inseej _0,80 

Muoi sihc (Sihca Fume) 0.07 

Nuac . 
Tro bay 

0.26 

0,20 

Phu gia hda d i o 

2.2.ThiA l i p thf ngh i fm 
Hinh 22a md t l miy MATEST cd kh i nang t l i Idn 

nh i t 3.000 kN dung thdc hien thi nghiem, tde do gia 

t l i 3 kN/s. Cic m lu nen trade khi thi nghiem phl i mi l 
phing d iu t r ln . De cd t h i n l n ldi b l tdng m l khdog bi 
cin len vd, thf nghilm d i dung t i m d i m th ip m i l nhin 
eo tdng be d iy trdn 15 mm vdi dddng kinh x ip xi dudng 
kinh trong cua m lu n ln (Hinh 2.2b). Trong qua ^nnh *"' 
nghiem, bien dang v l tac n^n daoc miy ghi (ai Bd tn 
thiet bl do bi ln dang (strain-gauge) doc theo chilu cao 
de do bien dang doc true, md t i d Hinh 2 2c. ddng thoi bo 
tn strain-gauge doc theo chu vt do b i ln dang no hong, 
md t i d Hinh 2.2d Ddi vdi mau cao 600 mm dung khung 
g i n dau do chuyen vi th ing dang va ngang. 

a) - May UTMgSn strain-gauge dung thi nghiem 
mau C3C ZOO mm & 400 mm 
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, - strain-gauge dpc theo chu vi 
Hinh 2.2: Thidt lip thf nghiem nin mau 

3. K ^ QUA TH( N G H | £ M V A T H A O L U A N 

Bdng 3.1 cung elp sdc khing nen eho eic loai mau 
thi nghiem. Hinh 3.1 so sinh sdc khang n ln theo ehilu 
diy vd uPVC; vdi cCing chilu cao thi vd cang day sdc 
khing n ln cing cao, giai doan be d iy td 3,2 - 3,8 mm 
ddc Idn hon giai doan be d iy td 0,0 • 3,2 mm the hien 
dd nhay v l sdc khing n ln theo be d iy vd Idn hon. Theo 
nha Bdng 3.1 v i Hinh 3.1, khi ed vd nhda, cadng dd nen 
Idi HPFRC d i u t ing d ei ba loai chieu cao, cy the nhd sau: 

- M lu cao 200 mm: t ing td 803 kN (khdng vd) den 
843 kN (vd nhda 3,2 mm, t ing 1,05 Ian) v i d i n 957 kN (vd 
nhua 3,8 mm, t ing 1,19 lln). 

- Mlu cao 400 mm: t ing td696 kN (khdng vd) d i n 
779 kN (vd nhda 3,2 mm, t ing 1,12 lln) v i d i n 875 kN (vd 
nhoa 3,8 mm, t ing 1,26 lln). 
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- Mau cao 600 mm: t ing ta609 kN (khdng vd) d i n 
644 kN (vd nhya 3,2 mm. t ing 1.06 Ian) v i d i n 709 kN (vd 
nhua 3,8 mm, t i ng 1,16 lin). 

Bing 3.1. Ktii ning khing nin cua cic mau 

Ten mlu 

NO.0-200 

NO.0-400 

NO.0-600 

N3.2-20O 

N3.2-«)0 

N3.2-600 

N3.8-200 

N3.8-400 

N3.8-600 

Vi t lieu v i 

Khong v6 

Khong v6 

Khong v6 

Nhua uPVC 

Nhua uPVC 

Nhua uPVC 

Nhua uPVC 

Nhua uPVC 

Nhua uPVC 

B I d i y v i / 
chieu cao m j u 

(mm) 

0,0/200 

0.0/400 
0,0/600 

3,2/200 

3,2/400 

3,2/600 J 

3,8/200 

3,8/400 

3,8/600 

LUC n^n 
liin nhjt 

(IcN) 

803 

696 

609 

843 

779 

644 

957 

875 

709 

OJ 1.6 lA 3.2 

Chieu day v5 (mm) 

Hinh 3.1: So sinh sue khing nin theo chliu diy v6 uPVC 
/7/nh3.2the hien quan h i sdc khing n ln -ch i l u cao 

mau: xu hudng ehung l i mau cing cao thi sdc khing n ln 
gi im, dieu n iy quan sat dapc d c i 3 loai chilu day vd 
mau. Ddi vdi vat lieu gidn, inh hadng eua kieh thdde mau 
len dng xd k lo va udn daoc gi i i thfeh eo b in daa t r ln ly 
thuyet ph i hoai theo xic suit Weibull [11 ] hay ly thuylt 
ph i hoai doa tren n ing lapng gi i i phdng eua Bazant [12]. 
Tuy nhiln, ddi vcri ph i hoai nen thi khdng the gi l i thich 
theo hai thuyl t tren. Nguyen Duy Liem v i eie edng sy 
(2019) [13] 6a 64 xuat md hinh chdng gach (Hinh 3.3) 64 
cd the i p dyng ly thuyet Weibull v io ph i hoai n ln . Theo 
Hinh 3.3, mau nen dapc md hinh bdi nhieu v i ln gach 
ehdng ten nhau, mau cing eao thi sd vien gach chdng 
len cing nhieu, vi v iy xic suit xuat hien gach yeu cing 
eao (gach yeu la gach I6i, cudng dp thap) dan d i n de bi 
ph i hoai. Hinh 3.4 the h i ln vet ndt ph i hoai dien hinh 
cua eic mau quan sit dupe: i) Ddi mau khdng vd: eic v i t 
nut ph in bd theo hddng dpe (Hinh 3.4a); i\) Doi vdi cic 
mau cd vd: khi bi ph i hoai vd bi rich (Hinh 3.4b) hole bi 
phinh hdng (Hinh 3.4c). be tdng ldi cung xuat hien cle 
vet nut ph in bd theo hudng doe. 
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0 100 200 300 400 500 600 700 

Chl^u cao mau (mm) 

• • • Kh&nt vi V6 dlv 3.2 mm Vo dty 3.8 mm 

Hinh 3.2: Anh hudng eua chieu cao mau dSh sue khing nin 

Hinh 3.3: Mo hinh dexuat cho ly thuyet Weibull 
d mau nin vdi kich thudc mau khac nhau 

a)-HPFRC xuit hien vdt nut dpc 

c) - MSU vd nhpa bf phinh hong 
Hinh 3.4: Anh chi^p mau biphi ho^i 

Sainh hadng cua nen hdng nhd vd thep bao quanh 
dapc Le Hoing An v i Ekkehard Fehling (2017) [14] de 
xuat cho cdt ngin nen Idi UHPFRC nha sau: 

N^-(0.8-Hl.8^)-y;-A^ ={0.8 + 1.8^)-^_^^^ (1) 

>!,•/, A' 

\-l N (2) 

Trong cdng thdc (1) va (2), \ , l i sdc khing n l n 
b l tdng trong tradng hpp khdng cd vo, / \ l in I apt I I 
cadng dp n ln v i d i ln tich m lu be tdng UHPFRC khdng 
v d , / , A^ Ian lapt l i cUdng dd chiy v l dien tich vd th ip 
Trong nghiin edu n i y , / , / I , cd t h i tam thay the b ing 
^/•ir'^^/'" cda vd nhya uPVC, trong dd/^,^,,/j^^, Un luot 
la eadng dd klo ddt [/"„/,,, = 50 MPa) v l dien ticti v6 uPvc 
Phaong trinh (1) i p dung cho vd uPVC, Idi HPFRc c6 t h i 
Viet dadi dang tdng qui t th inh: 

N^ =(l7 + a.4)-N (3j 
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Hay i'^ + b = NJN^ (4) 
Phucmg trinh (4) cd dang tuyln tfnh v&t a. b la cic 

hing sd t h i hi ln die trang v i t lieu xle dinh qua thac 
nghiem. Dung phdong phip hdi quy tuy ln tinh v l binh 
phaong tdi thieu eho cle d p dd l i l u ['^..t V. / /^„, ,)J, ta 
xle djnh duoc a = 2,7 v i b = 0,9 (Hinh 3.5). Lau y r ing, t i t 
c i cic m lu thf nghtem deu ed the xem l i cdt ng in (ti le 
ehilu cao/dadng kfnh -=12) Phuong trinh ddc tinh sdc 
khing n ln cua cdt ng in sd dung vd uPVC chiu t i i trpng 
phin ldi HPFRC nhu sau: 

N"f''^ = (0,9 + 2,7 4) • N';l^^f (5) 

Nu/Ncore 
ISO 

IM 
"" 

y • y^ 

V* 
/* » 

N /.V = 0.9-2 7c 

, , , , 1 
Hinh 3.5: Dudng thing hoi quy tuyen tinh thiet lap 

sue khing nin dp bio 

A.Kir WAN 
Mdt sd k i t lu in cd t h i rut ra td k i t qu i nghien edu 

d b i i b io niy: 
- Khi cd bd trf vd nhaa uPVC bao quanh, cadng dp 

nln b l tdng Idi t ing len kh i eao, cd the tang den 26% 
so vdi miu khdng vd. Vd ed b l d ly cing Idn thi mde dp 
t ing cing cao. 

• Kfch thadc mlu cung Inh hadng den sdc khang 
nen mlu cing cao thi sdc khing n ln cang thap (va do 
dd cadng dp tuong dng thip). Xu hUdng nay holn toan 
phu hpp vdi ly thuylt Weibull v l Inh hadng cua kfch 
thudc mlu den eadng dp cCia v i t lieu gidn. 

-Phacmg trinh adc tinh sdc khing nen eua cdt ngin 
sd dyng vd uPVC chiu t l i trpng phin Idi HPFRC d l duac 
thi l t l ip. Do sd lapng mau thi nghiem cdn it, k i ln nghj 
cin cd nghiin edu siu them vdi sd Idpng mau Idn hOn de 
dat dp tin ciy cao hon. 
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