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Abstract. High-strength fiber-reinforced polymer (FRP) composites are materials with
numerous advantages, making them suitable for strengthening reinforced concrete structures.
Ultra-high performance concrete (UHPC) is known for its exceptional compressive strength
and durability. However, the compressive behavior of UHPC confined by FRP wraps has not
been extensively studied in Vietnam. This study conducts experimental investigations to
evaluate the compressive behavior of three types of UHPC confined with glass fiber-
reinforced polymer (GFRP) wraps, including specimens wrapped with one and two layers of
GFRP. Additionally, the effect of steel fiber content in the range of 0% to 2% on compressive
strength is also examined. Experimental results indicate that increasing the number of GFRP
from one layer to two layers enhances the confinement effectiveness, with compressive
strength improvements ranging from 12.7% to 28.8%. The increase in compressive strength
was proportional to the number of GFRP layers, with the fibreless UHPC showing the most
significant improvement (28.8%). UHPC with 1% and 2% fiber content also exhibited
strength gains (20.9% and 12.7%, respectively), although the difference between these two
levels was negligible. The findings are generally consistent with predictive models proposed
in previous international studies. Based on comparative analyses with existing models, this
study proposes suitable models for predicting the compressive behavior of GFRP-confined
UHPC, thereby contributing to the broader understanding of FRP confinement structures.

Keywords: Ultra High-Performance Concrete, GFRP, confined effect, compressive strength,
predictive model.
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Tom tat. Tam soi composite cuong d6 cao FRP (Fiber Reinforced Polymer) 1a mét loai vat
liéu c6 nhiéu wu diém va thich hop cho viéc gia cuong két cau bé tong cét thép. Bé tong siéu
tinh nang c6 wu diém 1a cwong do chiu nén va do bén rat 16n. Tuy nhién, &ng Xt chiu nén cua
bé tong UHPC bi kiém ché béi tim sgi FRP chua c6 nhiéu nghién ciu ¢ Viét Nam. Nghién
ctru nay thuc hién cac thi nghiém nham danh gia (g X chiu nén trén 03 loai bé tong UHPC
dugc kiém ché boi tim soi thay tinh GFRP 01 16p soi va 02 16p soi dong thoi xem xét anh
hudng cia ham lugng soi thép trong pham vi tir 0% dén 2% dén cudong do chiu nén. Két qua
thuc nghiém cho thay, khi chiéu day tim soi GFRP tang tir 1 16p soi 1&n 02 16p soi thi higu
qua kiém ché ddi vai bé tong UHPC ciing ting tuong tng tir 12,7% 1én dén 28.8%. Muc do
gia ting cuong do nén ty 18 thuan véi sé 16p GFRP, trong 6 UHPC khéng soi ting manh
nhét (28,8%). Bé tong c6 soi 1% va 2% ciing ting cudng do (20,9% va 12,7%), nhung su
khac biét gitra hai murc nay khong dang ké. Cac két qua thu duoc co ban phl hop véi cac md
hinh d& dwoc dé xuét trong céc nghién ctru trudc day trén thé gisi. Trén co sé phan tich so
sanh véi cac md hinh tinh toan, nghién ctru nay da dé xuat cac mé hinh phi hop dé tinh toan
va dy béo tng xir chiju nén cua bé tong UHPC khi duoc gia cuong bang tam soi GFRP.

Tir khoa: bé tong siéu tinh ning UHPC, GFRP, hiéu tng kiém ché, ang xtr chiu nén, md
hinh du bao.

@ 2025 Truong Dai hoc Giao théng van tai

753


https://doi.org/10.47869/tcsj.76.5.10

Tap chi Khoa hoc Giao théng van tai, Tap 76, S 05 (06/2025), 752-763
1. PAT VAN PE

Bé tong siéu tinh ning (UHPC) 1a mot loai vat liéu méi trén nén xi mang, ndi bt véi cuong do
nén va kéo cao vuot troi cing do bén vuot xa so vai bé tong truyén thdng. Nho nhimg dac tinh nay,
UHPC gilip giam trong lwong két ciu, dong thoi nang cao mire d6 an toan va tudi tho cho cong trinh.
UHPC hién dang dugc tng dung réng réi trong cac cong trinh cau, xay dung dan dung va nha may
cong nghiép — nhitng noi thuong xuyén chiu anh huong ciia moi truong an mon. Tuy nhién, tuong
tu nhu bé tong thuong, UHPC ¢6 xu hudng gion dudi tai trong nén, dan dén nguy co phé hoai dot
ngot — diéu khéng mong mudn trong cac két cau chiu luc. Hién twong gion caa bé tdng UHPC do
kha ning tich lity tng suat rat 16n trong vat liéu ma khong di kém véi bién dang déo déng ké trude
khi phé hoai. Khi tng suat dat dén ngudng chiu dung, cac vét nat vi mo san c6 hoac méi phét sinh
s& lan truyén voi téc do nhanh, dan dén su phé huy dot ngot cau kién. Bé khac phuc han ché nay,
nhiéu nghién ciru da tap trung vao viéc gia cuong UHPC bang cac loai soi khéc nhau nham cai thién
dac tinh co hoc cuia vat liéu. Liao va cong su [1] da chi ra rang viéc tiang ty 1& soi thép tir 1% lén 2%
gilp nang cao kha nang chiu cit tdi 24%. Yu va cong su [2] str dung soi polyethylene (PE) trong
UHPC va nhan thay vat liéu nay c6 kha nang cai thién tinh ning chong va dap cua cac tim UHPC.
Xu va cong su [3] lai danh gia hiéu qua caa hdn hop soi thép - polypropylene va két luan rang loai
soi lai nay mang lai kha ndng tang cuong do va tinh déo cua UHPC mot cach o rét. Noi chung, cac
nghién cau cho thay viéc bo sung mét lugng soi thich hop c6 thé 1am giam dang ké tinh gion cua
UHPC, song néu str dung qué nhiéu soi s& lam suy giam tinh cdng tac cua hdn hop, gay kho khin
trong qua trinh thi cong va anh hudng dén chat luong cong trinh.

M6t hudng nghién ciru méi nham tang cuong tinh déo ciia UHPC 1a sir dung cac vat liéu cd kha
ning bién dang tét dé bao boc va kiém ché UHPC. O day, “bao boc™ 1a viéc quan hoac phu vt liéu
quanh bé tong UHPC, thuong theo phuong ngang, tao thanh 16p vé bao vé bén ngoai. “Kiém ché”
la qua trinh tao ra g suat nén ngang tac dong 1én 16i bé tong théng qua 16p bao boc nay, nham han
ché sy gidn nd ngang khi chiu tai, tir d6 cai thién cudng do chiu nén va do déo cua vat liéu. Céch tiép
can bang phuong phap nay giup tang d6 déo va cai thién cuong d6 chiu nén cho UHPC sau khi dugc
kiém ché. Bién phap kiém ché thuong duoc ap dung quanh chu vi cia cot UHPC, tao ra trang thai
nén ba truc cho 18i vat liéu, tir d6 khong chi nang cao kha ning chiu luc ma con cai thién déang ké
tinh déo caa cot. Trong sb cac vat lidu duoc sir dung dé kiém ché, thép va tim soi composite cudng
d6 cao (FRP) hién dang 14 hai lya chon phd bién nhat FRP ¢6 wu diém nhe, bén va hé sé gian no
nhiét gan giong vai bé tong, cho phép n6 dong thoi bién dang theo UHPC trong qué trinh chiu tai
[4,5]. Nho nhimg dac diém do, FRP dugc tng dung rong rai trong cac cong tac stra chira va gia ch
két Cau cling nhu trong xay dung cau duong. Viéc sir dung FRP dé kiém ché UHPC cho phép tan
dung t6i da cac uu diém caa ca hai vat liéu, dong thoi cai thién kha ning chiu luc va bién dang coa
16i UHPC [6]. Céc két qua thue nghiém trén thé gisi da xac nhan hiéu qua cua FRP trong viéc kiém
ché UHPC. Tuy nhién, dn nay van con thiéu céc nghién ctru d& xuit cong thic cu thé dé xac dinh
dic tinh co hoc chiu nén cia UHPC khi duoc bao boc boi FRP, ciing nhu chua c6 nhiéu so sanh vé
d6 chinh xac cua cac cong thac du bao hién co.

Gan day, Lé B4 Danh va cac cong su [7] da nghién ctru thuc nghiém va mé phong tng xu
chiu nén cua mau bé tong cudng do siéu cao. Nhom nghién ciru da sir dung mo hinh dan déo
Drucker-Prager cai tién nham so sanh giira duong quan hé ang suat bién dang véi thuc nghiém.
Lé Hoang An [8] di sir dung phuong phéap thuc nghiém dé danh gia kha niang chiu kéo ciia bé
téng UHPC trén méu co kich thudc 40x40x80 mm duoc cit khac chit U kich thudc 5x5 mm &
gitra trong Ung vai cac ham luong 1%, 2% soi thép . Tuy nhién ¢ Viét Nam, chua c6 nghién
ctru ndo dé cap dén ung xur chiu nén cua bé tong UHPC bj kiém ché bai tim soi FRP.
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Vi muc dich nay, bai bao nay giéi thiéu két qua nghién ctiu thyc nghiém tng xir chiu nén
dung tAm cta bé tong siéu tinh ning bai kidm ché bai tim soi thity tinh GFRP do tinh phé bién, dé
tiép can tai Viét Nam va di duoc Gng dung rong rii trong gia cuong két cdu bé tong théng thudng.
Cuong d6 phé hoai mau sau d6 duoc kiém chimg va ddi chiéu vai mot sé nghién ctu ¢ trén thé
Qiai.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

2.1. Vat liéu sir dung

Bé tong UHPC sir dung dé ché tao gdbm céc thanh phan chinh véi dic tinh k§ thuat nhu
sau: Xi mang Portland PC40 co cac tinh chat pht hop véi TCVN 2682-2009 hoic ASTM C150
(AASHTO M85); Cat Quartz c6 duong kinh hat 0,34-1mm, SiO2> 95% khong chira tap chat
hitu co, lon Clo; Phu gia va tro bay; Soi thép sir dung trong bé tong 1a loai soi thép ma dong,
¢6 cuong do chiu kéo cao hon 2000 MPa va duong kinh bang 0,2 mm dai 12 mm. Ty 18 thanh
phan cp phdi cua bé tong UHPC da duoc trinh by & nghién ctru trude day cua tac gia Hoang
Viet Hai [9] nhu duoc mé ta trong Bang 1 nham dam bao cudng d6 chiu kéo cua bé tong UHPC
dat 16n hon 8 MPa [9]. Dé nghién citu anh hudng ctua ham luong soi dén wng xir cua bé tong
UHPC, trong nghién ctru nay sé thay d6i ham luong soi véi cac ty 16 0%, 1% va 2%, twong Gng
véi ky hiéu UHPC 0%; UHPC 1% va UHPC 2%.

P Wi N1 0. 101

a) Cong tac quét keo epoxy I&n tim soi b) cdng tac quan soi
Hinh 1. Hinh anh ché tao mAau.

Bang 1. Ty I¢ va thanh phan cap phéi ctia bé téng UHPC 2% [9].

Ximang (kg) CéatQuart(kg) Mugisilic (kg) Phugia(lity  Nuoc(kg)  Soi thép (kg) Ty I¢
N/CKD
788 1095 252 23,6 1768 156 0,18

HoN hgp UHPC 0% khdng c6 khdi lugng soi thép trong khi d6 thanh phan hdn hop UHPC
1% c6 78 kg. Cac thanh phan vt li¢u khac duoc gilt nguyén nhu trong Bang 1. Bé tong sau khi
tron duoc tién hanh dac mau hinh tru vai duong kinh 10 cm va cao 20 cm. Mau sau do duoc
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bao dudng trong diéu Kién thong thuong. Viéc bao dudng mau UHPC trong diéu kién thuong
duoc ap dung nham dam bao tinh thyc tién va so sanh véi nhiéu nghién ciu qubc té trude day
cling nhu diéu kién thi cong thuc té tai Viét Nam. Sau 28 ngay cac mau duoc tién hanh gia cong
quin GFRP la tim soi thay tinh Tyfo SHE-25A xuét xi tir Singapore. Chiéu day tdm soi sau
khi hoan thién 13 0,64 mm. Cuong do chiu kéo gigi han 1a 460 MPa va bién dang Ion nhat khi
bi kéo dut 1a 1,76%. Keo epoxy su dung la loai keo Type S Epoxy.

_ Hinh 1 thé hi¢n cong tac quét keo epoxy I&n tim soi va mu sau d6 tién hanh quén soi. Cac
mau sau d6 dugc tién hanh thi nghiém tai phong thi nghiém Céng trinh - Trung tdm khoa hoc
cong nghé truong Pai Hoc Giao théng Van tai.

2.2 S6 lwgng miu va trinh ty thi nghi¢m

Trong nghién cau nay, téng cong 15 mau bé tong hinh try tron, kich thuéc (dxh) =
(100x200) mm, da dugc ché tao tr 03 hon hop bé tong va cung duoc bao dudng trong mot diéu
kién glong nhau. Sau d6, cic mau bé tong nay duoc gia cuong kiém ché né ngang bang tim
GFRP va chia thanh ba nhém nhu sau: Nhom 01: 09 mau khéng dugc gia cuong tuong ing vai
03 loai bé tdng UHPC 0%; UHPC 1% va UHPC 2% dé xac dinh cudng do chiu nén cua bé tong
khi khong duoc kiém ché né ngang; Nhém 02: 03 mau caa 03 loai bé tdng UHPC 0%; UHPC
1% va UHPC 2% duoc gia cuong kiém ché ng ngang bang tim GFRP voi 01 16p soi; Nhém
03: 03 mau cua 03 loai bé tong UHPC 0%; UHPC 1% va UHPC 2% duoc gia cuong kiém ché
nd ngang bang tim GFRP vai 02 16p soi. Trong pham vi nghién ciu nay, viéc lra chon 1 va 2
I6p GFRP nham danh gia hiéu qua kiém ché cua 16p bao boc & cac mirc d6 phd bién va thyc té
dé ap dung. Thong thudng, day ciing 1a cach sir dung trong thuc tién gia cuong, stra chira cong
trinh do dam bao hiéu qua cai thién co hoc dong thoi van giir duoc tinh thi cong thuan lgi va
tiét kiém chi phi. Chiéu dai tim soi duoc bé tri dai hon 10 cm so véi chu vi caia mau dé tao ra
hiéu ung neo nhu theo huéng dﬁn cua don vi cung cap va theo cac nghién ctru trude day. Viéc
cudn 16p GFRP dai hon chu vi mau 10 cm nham dam bao 16p soi ¢6 thé phat huy hi¢u qua t6i
da va tranh bong troc tai vi tri Chong mép. Ngoai ra, mot trong nhimg wu diém quan trong cua
giai phap gia cuong bang cach boc tim soi cho UHPC 14 kha ning nang cao dang ké cudng do
chiu nén va tinh déo caa vat liéu ma khéng 1am anh hudong dén tinh cong tac caa hdn hop bé
tong trong qua trinh thi cong. Didu nay dac biét co y nghia véi UHPC — loai bé tong c6 do dic
cao va xu huéng mét tinh cng tac nhanh khi sir dung nhiéu soi thép dé gia cuong. Thay vi ting
ham luong soi bén trong, von co thé gay khé khan khi d6 va dam bé tong, viéc sir dung 1p soi
bao boc bén ngoai gitp cai thién tinh déo va kha ning chiu hyc sau niit ma van duy tri dugce do
linh hoat va hiéu qua trong thi cdng. Bén canh do, 16p soi GFRP kha nhe va cd kha nang thi
cong don gian, khong lam ting dang ké khdi luong két cau, dong thoi ¢ kha ning lam viéc
tuong thich véi UHPC vé bién dang, nhd hé sé giéin ng nhiét gan véi bé tong.

2.3 Thi nghiém nén miu xac dinh cwong dd chiu nén ciia bé tong

Céac mau thi nghiém dugc tién hanh trén mau may SANS-3000 kN, cia Phong thi nghiém
cong trinh, Trudng Pai hoc Giao thdng van tai (Vilas 047) tuan thu theo tiéu chuan ASTM
C39/C39M-20. May thi nghiém phai duoc thiét 1ap sao cho lyc nén ting dan véi toc do gia tai
6,0 kN/s. Hinh 2 m0 ta méu duogc dat & may thi nghiém. Trong qué trinh thi nghiém bién dang
thang dung va bién dang nam ngang dugc do dac thong qua 02 1a dién tr¢ dugc dat doc theo
phuong thang dtmg va phuong nam ngang.

Gia tri luc nén 16n nhat caa mdi mau thi nghiém P max (kN) duoc ghi nhan tir 6 xac dinh
dugc cudng do chiu nén 16n nhat cua mau bé téng f', = z’"‘“‘ Cuong do chiu nén cua mau bé
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tong twong (g véi mdi muc gia cuong 1a gia tri trung binh cong cua cac két qua thi nghiém
thu dugc trén cac mau tuong tng.

Hinh 2. Mau thi nghiém ¢ may nén SANS-3000 kN.

3. KET QUA THi NGHIEM VA PANH GIA

3.1. Dang pha hoai ciia miu thi nghiém

H|nh 3 mo ta cac dang pha hoai dién hinh ctia cac mau thi nghiém twong Gng voi cac truong
hop mau UHPC 0%; UHPC 1% va UHPC 2% khong c6 va c6 st dung gia cuong kiém ché no
ngang bang tam GFRP véi 01 16p soi, 02 16p soi. Dau tién, Hinh 3.a mo ta két qua nén cac mau
khong sir dung gia cudng kiém ché bang tam GFRP, cho thiy vai tro cua soi thép trong viéc
giir lai hinh dang mau sau khi bi pha hoai. Mau UHPC 0% soi bi pha hoai gion, mau sau khi bi
pha hoai khong con duoc nguyén ven. Cac mau UHPC 1%; UHPC 2% soi xuit hién céc vét
nit doc theo mau khi bi pha hoai, mot s6 vi tri cuc bd xuat hién nhiéu vét nut.

Tiép theo, dbi véi cac mau duoc kiém ché bang tim sgi GFRP qué trinh pha hoai mau trén
Hinh 3.b va Hinh 3.c cho thdy khi miu bj pha hoai, xuét hién viéc dut tdm soi theo phuong
thang dung, diéu nay phan &nh dung sy lam viéc cua méu bi kiém ché tuong tw nhu cdc nghién
ctru trude day [10-12]. Viéc kiém ché no ngang cua mau UHPC s& truyén vao thanh luc kéo
ctia tim soi gay ra dut tam soi ¢ thoi diém pha hoai. Khi tam soi bi dut s€ kéo theo v& dot ngot
cuia bé tong, diéu nay minh chitng thong qua tiéng né rat 16n khi mau bi pha hoai trong qué trinh
lam thi nghiém khi so sanh véi mau khong dugc kiém ché boi tim soi. TAm soi 6 thé bi dat
doc theo chiéu cao mau hoic bj dat & 1/3 tim phia trén hodc 1/3 tAm phia dudi hoic 2/3 tim
nhu trén Hinh 3.b va Hinh 3.c.

3.2. Anh huéng cia tAm s¢i dén cwong do nén pha hoai mau bé tong UHPC

Anh hudng cia tam soi, chiéu day tim soi GFRP dén luc nén pha hoai mau bé tong UHPC
dugc tong hop trong Bang 2 va Hinh 4.
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Hinh 3. Mau thi nghiém sau khi thi nghiém nén : a) Mau di ching ; b) Mau dugc tang cuong boi

01 I6p s¢i GFRP ; ¢) Mau dugc tang cuong béi 02 16p sgi GFRP.

Bang 2. Tong hop cudng dé chiu nén, bién dang 16n nhat caa cac mau bé téng UHPC khi khong hozc

bi kiém ché nén ng hong boi tam sgi GFRP.

Cudng do pha hoai, Chicu day
$6 16p soi bién dang lfﬁ'n nhat Loai bé tong UHPC tam so1i
GERP. tuong ung (mm)
UHPC
0% UHPC 1% UHPC 2%

feo (MPa) 114,1 129,6 138,0 0
0 1op Eco (%0) 2,9 3,3 3,5

fee (MPa) 139,3 148,1 153,3 0,64
1 16p Ere (%) 1,779 1,897 1,825

fee (MPa) 146,9 156,7 155,5 1,28
2 16p Ere (%0) 1,25 1,181 0,921
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Hinh 4. Anh huong cua loai bé tong va s6 16p soi dén cudng do pha hoai mau UHPC bi kiém
ché boi tam soi FRP.

Két qua thi nghiém trén Hinh 4 cho khi ting s6 16p tm soi GFRP tir 0 1én 2 16p, cudng do
chiu nén cua bé tong UHPC tang rd rét ¢ tit ca cac mirc ham lugng soi (0%, 1%, va 2%). Piéu
nay cho thay hiéu qua kiém ché cia tim GFRP ty I¢ thuan vai s6 16p gia cuong. Cu thé, ddi véi
UHPC khong chtra sgi (0%), cuong do tang tir 114,1 MPa 1én 146,9 MPa (tang khoang 28,8%).
V6i UHPC chtra 1% sgi, gid tri nay tang tir 129,6 MPa 1én 156,7 MPa (tang khoang 20,9%).
Dbi véi UHPC chira 2% soi, cuong do ting tir 138,0 MPa 1én 155,5 MPa (ting khoang 12,7%).
Su khac biét cua bé tong co sir dung 1%, 2% soi la khong r6 rét. Bé tong bi kiém ché véi tam
soi GFRP sé tang dugc cuong do chiu nén khi phé hoai cia mau va sé lugng 16p soi hay chiéu
day tam soi ting s& kéo theo cudng do ting theo. Két qua thuc nghiém nay phu hop véi cac
nghién ctru trudc day cuia cac tac gia trén thé gisi [12-14].

Két qua trén ciing cho thiy sy khac biét khong 16n gitta UHPC c¢6 ham lugng soi thép 1%
va 2% trong hiéu qua gia cudng bang GFRP, diéu nay c6 thé duoc giai thich boi hai nguyén
nhan sau: Thir nhat, khi ham luong soi thép trong UHPC tang 1én, kha ning khang nut va phan
tan (g suat cua bé tong dugc cai thién, dan dén vat liéu ¢ kha niang chiu kéo tét hon va bién
dang déo cao hon. Tuy nhién, khi bj bao boc béi tim GFRP, hiéu qua cua I6p kiém ché bén
ngoai s& phan nao bi giéi han do sy “chia sé” vai trd chdng nit va bién dang giira soi thép bén
trong va l6p bao boc bén ngoai. Do do, hiéu qua tang thém tir GFRP s& khong con ro rét khi bé
tong da dugc gia cuong bang lwong soi cao; Thu hai, & ham luong soi 2%, hén hop UHPC bit
dau giam tinh cong tac va kha nang phén tan dong déu cuia soi trong cau trac bé tong. Diéu nay
c6 thé 1am giam hiéu qua caa soi trong viéc cai thién tinh déo va chiu nén, khién cho cuong do
nén gia ting do 16p GFRP khdng con chénh léch nhiéu so véi truong hop soi 1%. Do do, két
qua cho thay hiéu qua gia cuong cuia GFRP ting cao nhét d6i véi UHPC khong soi, sau d6 giam
dan khi ham luong soi ting, va sy khac biét gitra 1% va 2% tré nén khong déng ké 13 hoan toan
phl hop véi co ché tuong tac giita hai dang gia cuong bén trong va bén ngoai.

Mot s nghién ciru trén thé gioi da dé xuat cong thirc tinh cudng dd mau bi kiém ché théng qua
cac cong thac sau:
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- Theo ACI 440-2R-17: cudng do cia bé tong duoc kiém ché boi soi FRP, ky hiéu f..
duoc tinh toan theo cng thuc sau:

fee = feo + Wr3,3Kafi 1
_ 2Eftrere )
)

Trong d6: f7, 1a cudng do cua bé tong khi khong bi kiém ché; ¢ = 0,95 ; K, hé so xét dén
hinh dang ctia mau, x, = 1 khi mau hinh tru tron; E; 1a mé dun dan hoi cua tim soi FRP; t1a chiéu
day tam soi (nhu vay trong nghién ctiiu nay truong hop sir dung 01 16p soi t; = 0,64 mm vatrong
treong hop str dung 02 16p soi ¢t = 2x0,64 = 1,28 mm, chiéu day tAm soi trong timg truong hop
duoc dugc thé hién trong Bang 2); D 1a duong kinh cuia mau thi nghiém: Efe: bién dang c6 hiéu cua
tam FRP & thoi diém phé hoai va duoc xéc dinh theo cong thic sau:

Efe = Kegfu 3)

Trong d6: K, 12 hang s6 thay déi tir 0,57 dén 0,61; &5, Bién dang pha hoai cua tim soi FRP
khi thi nghiém kéo truc tiép. Tuy nhién, gisi han trong cong thic nay 1a tiéu chuan ACI 440-2R-17
[10] chi &p dung dén cudng do £, <100 MPa; cac mau thi nghiém UHPC trong nghién ciru nay déu
¢6 cuong do lén hon 100 MPa.

- Theo nghién ctu cta Zhohrevand va Mirmiran nam 2013 [11]

%: 1+3,2519LL 4)

co fCO
- Theo nghién ctru cia Lam va cong su nam 2021 [12]

Fe_ 14 palt
= TRy, R

- Theo nghién ctru cua Liao va cong su nam 2022 [13]

;:—f = 0,56 + 2,35 (}f—l)06 CL)O1 khi p; <0,075 6)
;—f =1+ 0,606 (}#)06 (?)07 khi p;, >0,075 ()

Trong d6 : py 12 hé s6 kiém ché dugc xac dinh theo cong thic sau véi &, 1a bién dang lon

nhat cia mau UHPC khi khdng bi kiém ché.

_ 2Esty

= ®)
€co

Theo nghién ctru ctia Song va cac cong su nam 2024 [14]

fLIf B fi 0,455
=035 +2,566 (f;o) 9)

Pk
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Hinh 5. Méi quan hé giira gia tri cuong do thuc nghiém va cuong d6 du béo qua cac mé hinh.

Biéu d6 so sanh giita gia tri cuong do chiu nén thuc nghiém va gia tri dy béo tir cac md hinh
hién c6 dugc tong hop trong Hinh 5 cho thay mirc d6 phii hop gitra cac mé hinh va thuc té thi nghiém.
Puong chéo biéu thi sy tring khop 1y tuong (gia tri tinh toan = gia tri thyc nghiém). Theo nhu cac
két qua du béo, két qua thuc nghiém phil hop véi mé hinh duge dé xuat boi Zohrevand va Mirmiran
(2013), m6 hinh Lam (2021) va md hinh trong tiéu chuan ACI 440-2R-17, cac md hinh khac déu c6
do léch I16n hon. Nguyén nhén c6 thé giai thich la cac nhom téc gia dé xuat cho mé hinh chung &p
dung cho ca soi thiy tinh va soi cac bon, ciing nhur chua xét dén day du dic tinh dic trung cia UHPC
nhu d6 gion hodc twong tac soi-pha nén cua bé tong. Trong khi d6 nghién ciru cua Zohrevand va
Mirmiran dugc thuc hién trén loai soi thuy tinh twong tu nhu nghién ctru thyc nghiém nay. M6 hinh
trong tiéu chuan ACI 440-2R-17 c6 cong thirc don gian va c6 két qua du bao tiém can véi gié tri
thuc nghiém, do d6 ciing co thé sir dung dé udc tinh kha nang chiu nén caa mau khi bi kiém ché.
Nghién ciru ndy cung cap nhiing két qua ban dau ¢ ¥ nghia trong viéc danh gia hiéu qua kiém ché
cua tim GFRP ddi véi bé tong UHPC, dong thoi 1a co s¢ quan trong dé phét trién mé hinh du béo
g xtr chiu nén. Tuy nhién, do sé luong thi nghiém con han ché, can thuc hién thém nhiéu thi
nghiém hon nita dé hoan thién va hiéu chinh mé hinh mot cach toan dién hon.

5. KET LUAN VA KIEN NGHI

Nghién ctru nay da thuc hién thi nghiém nham danh gia ang xr chiu nén ciia bé tong UHPC khi
bi kiém ché boi tim soi thay tinh GFRP, dong thoi xem xét anh huong cta ham lugng soi thép dén
cudng do chiu nén. Pay 1a mot trong nhiing thi nghiém mai & Viét Nam nham tap trung nghién ctu
chuyén sau hon vé dic tinh bé tong siéu tinh nang UHPC, dic biét khi két hop vai vat liéu FRP, mot
vt lidu da duoc sir dung nhiéu trong viéc stra chita va ting cuong bé tong thong thudng va két ciu
BTCT. Hiéu qua tang cuong thu dugc thdng qua nghién cau thuc nghiém phu hop véi cac nghién
ctu trén thé gioi. Hidu qua ting cudng ting khi chiéu day 16p soi GFRP ting. Két qua thi nghiém
cho thdy cudng do chiu nén cua bé tong UHPC ting rd rét khi ting sb 16p tim GFRP, trong pham vi
c4c mirc ham luong da khao séat (0%, 1%, 2%). Mirc d6 gia ting ty 1é thuan vai s6 16p GFRP, trong
d6 UHPC khong soi ting manh nhat (28,8%). Bé tong co soi 1% va 2% ciing ting cudong do (20,9%
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va 12,7%), nhung sy khac biét giira hai mirc nay khong dang ké. Két qua nay khang dinh higu qua
kiem ché cia GFRP va phu hgp véi cac nghién ciru trude do.

Qua viéc phan tich danh gia cac két qua thi nghiém, nghién cau thuc nghiém da chimng minh 1a
cd thé sir dung mé hinh cua Zohrevand & Mirmiran (2013), md hinh Lam (2021) va tiéu chuan ACI
440-2R-17 dé xac dinh trudc kha nang chiu nén cua méau bj kiém ché. Mot s6 md hinh cua céc tic
gia nghién cau gan day dy béo can st dung cac két qua do dac théng qua nghién ciru thuc nghiém
nhu bién dang cuc han cua tim soi & giai doan phé hoai.

Nghién ctru nay danh gia hiéu qua kiém ché ciia tim GFRP ddi véi bé tong UHPC, cung cap
két qua co y nghia trong viéc phat trién mo hinh dy bao g xt chiu nén. Tir 46 m¢ ra hudng nghién
Ctru trong twong lai tap trung vao Viée ting s6 luong mau thi nghiém, str dung cac vat liéu FRP khéac
nhau ciing nhu s6 16p boc nhiéu hon, va bé tong UHPC c6 cudng d6 cao hon & trong cac diéu kién
bao dudng khac nhau hodc c6 thé ma rong nghién ciru thém trong cac diéu kién méi truong khac
nhau vé nhiét do, dd 4m dé hoan thién va hiéu chinh mé hinh mét cach toan dién hon.
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