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Tém tat

Bai bdo trinh bay két qua nghién ctiu thuc nghiém va md hinh s xéc dinh stic khang udn ctia bé tong chét
lugng siéu cao (UHPC). Phuong phap thuc nghiém dudc tién hanh theo tiéu chuin ché tao va thi nghiém vat
lisu UHPC NF P18-470 ctia hiép hoi xdy dung Phap. M hinh s& dudc thuc hién bing phan mém ANSYS
APDL, trong d6 vat liéu UHPC sii dung md hinh dan déo Drucker — Pracger cai tién dugc goi 1a mo hinh DP —
Bé tong. Két qua nghién ctiu cho thidy UHPC véi ham lugng cbt sgi thép 2% theo thé tich c¢6 cuvng do chiu kéo
khi ubn 1én dén 8 MPa, gidi han dan hoi khi kéo 6,9 MPa, dong thoi cudng do chiu kéo dugc duy tri sau khi
xuét hién vét niit du tién. Vat lieu UHPC st dung mo hinh DP — Bé tong c6 su tuong dong rit 16n khi so sanh
dudng quan hé tai trong — d6 vong thu dudc tit md hinh s6 véi thuc nghiém, ddy dudc xem la phucng phap day
trién vong khi ting dung d€ mo hinh hod dng xt co hoc vat liéu UHPC.

Tir khod: bé tong chit lugng siéu cao (UHPC); cuving dd chiu kéo; ing xi uén; md hinh Drucker-Prager; phuong
phép phan i hitu han; phan mém ANSYS APDL.

EXPERIMENTAL AND NUMERICAL MODEL FLEXURAL BEHAVIOR OF ULTRA-HIGH PERFOR-
MANCE CONCRETE

Abstract

This paper presents experimental results and numerical model of beam flexural behavior using Ultra-high per-
formance concrete (UHPC). Experimental research was performed following NF P18-470 “UHPFRC: specifi-
cation, performance, production and conformity” of the French construction association. Numerical modeling
is performed using ANSYS APDL software, in which an improved Drucker-Pracger model, the so-called DP
was used to simulate UHPC materials. Research results show that UHPC with the use of 2% steel fiber content
by volume has tensile strength up to 8 MPa, tensile limit of elasticity is up to 6.9 MPa, and the ability to resist
tension is maintained after the first crack appeared. UHPC materials using DP-Concrete model show a good
correlation when compared to the load-deflection curve obtained from the experimental results, showing a new
prospect when applying this model to study the mechanical behavior of UHPC.

Keywords: ultra-high performance concrete (UHPC); tensile strength; flexural behavior; numerical model of
UHPC; Drucker-Prager model; FEM; Ansys APDL.
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1. Gigi thiéu
Bé tong chét lugng siéu cao (Ultra-high performance concrete - UHPC) 12 loai vat liéu méi, thanh
phan cbt liéu chinh bao gdm xi ming Pooc ling, cit min, bdt quartz, silica fume, phu gia siéu déo, sdi
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thép va nudc [1, 2]. UHPC thé hién tinh chit co hoc vugt trdi véi cudng dod chiu nén 16n hon 120 MPa
[3], cudng do chiu kéo khi udn 1én dén 50 MPa [4], cudng do chiu kéo doc truc tit 6 — 12 MPa [5], md
dun dan hdi tir 42 — 55 GPa [4, 6]. Ngoai ra, UHPC c¢6 do dic chit, tinh déo dai cao, kha nang chéng
An mon tot gidp ting dd bén va tudi tho cong trinh.

UHPC dudc nghién ctu va ing dung dau tién vao nhiing nim cudi thap nién 90 cla thé ky XX.
Trong hon hai thap ky qua, UHPC dang thu hiit sy quan tdm & nhiéu qudc gia khic nhau trong viéc
ting dung cho két cAu cong trinh xdy dung dan dung va cong nghiép, cong trinh cau, cing bién, cong
nghiép dau khi, két cau ngoai khoi, két cAu thiy luc, stia chita va phuc hoi két cau [7]. Trong tit ci
nhiing Ung dung nay thi ting dung UHPC trong linh vuc ciu dudng dugc xem la phd bién nhit [8].
Ung dung vat liéu UHPC cho két cAu cong trinh cau da dugc thuc hién & nhidu qudc gia khac nhau
bao gém Uc, Ao, Canada, Trung Qubc, Cong hoa Séc, Phép, bric, Y, Nhat Ban, Malaysia, Ha Lan,
New Zealand, Slovenia, Han Quéc, Thuy Si va Hoa Ky [7].

o} Viét Nam, nghién ctu vé vat lieu UHPC dugc thuc hién trong khoang 10 nam gﬁn day. Cac
nghién cifu ndy tip trung chi yéu vao thanh phan cbt liéu va huéng dén sir dung cic vat liéu dia
phuong dé ché tao bé tong chit ludng siéu cao [9—13]. Nhiéu cong trinh da tién hanh nghién cifu ting
dung UHPC cho két ciu nham ning cao kha niing chiu luc, dd bén trong moi trudng dic biét va tai
trong nd [14-18].

UHPC c6 cudng dd chiu kéo cao, vi vy khi thiét ké udn, cudng dd chiu kéo ctia UHPC khong bd
qua nhu dbi véi bé tong thudng. Su ly tudng héa dudng quan hé ting suit — bién dang khi kéo phuc
vu thiét ké két cAu UHPC 1a dé tai dudc cdc nha nghién ciu quan tim. Hién nay, cic tiéu chudn thiét
ké, khuyén nghi thiét k& va mot s6 nha nghién ctiu da dé xuit mot dudng song tuyén tinh (dang hinh
thang) va dang hinh xap xi dang chit nhat [5, 19-24].

Muc tiéu ctia nghién citu nay la danh gia siic khang ubn ciia bé tong UHPC bang thuc nghiém,
dong thoi dé xuit phuong phap mo hinh s6 phit hgp dé mé phéng su lam viéc cia UHPC. Mau UHPC
dugc st dung cho thi nghiém ubn c6 kich thude 100 x 100 x 400 mm. Céc thi nghiém udn 3 diém va
udn 4 diém sé dugc xem xét trong ndi dung nghién cifu nay.

Thi nghiém udn dugc thuc hién theo tiéu chuin ché tao va thi nghiém vat lieu UHPC ctia hiép
hoi xay dung Phap NF P18-470 [5].

C6 hai thi nghiém ubn dugc thuc hién:

- Thit nghiém ubn bdn diém trén mau dam hinh ling tru khong khita d€ danh gia ing xi kéo clia
vat liéu UHPC trong giai doan tuyén tinh.

- Thi nghiém ubn ba diém trén miu dam hinh ling tru c6 khia ranh d€ ddnh gia ing xit kéo clia
vat liéu UHPC trong giai doan phi tuyén sau ntt va su déng gép clia cbt s¢i thép vao kha ning chiu
kéo cua vat liéu.

Két qua thuc nghiém dudc so sanh vé6i két qua thu dudc tif phan tich md hinh sb, tir d6 Iua chon
mo hinh s& phut hop phuc vu phan tich két chu UHPC. Pong thdi, thong qua két qua mo hinh sb két
hop v6i s6 liéu thuc nghiém d€ danh gia dng xit cia UHPC.

2. Thuc nghiém uén mau dim UHPC

2.1. Vat liéu nghién cuu

O Viét Nam, da c6 nhiéu cong trinh nghién ctiu vé thanh phan vat liéu ché tao UHPC. Cac két qua
nghién cifu déu chi ra ring, hoan toan ¢ thé ding xi ming, tro bay, tro triu, xi 16 cao nghién min, bot
dé voi, cat min dia phuong, cét quatz, bot quatz & trong nuéc dé ché tao UHPC [9-13].
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Trong nghién ctiu nay, sit dung vat liéu UHPC véi thanh phan vt liéu chi yéu trong nuéc, dudgc
nghién ctiu thanh cong tai trudng dai hoc Xay dung Ha N&i thong qua chuong trinh nghién ciu
KH&CN cip Bo “Nghién cifu ting dung bé tong chit lugng siéu cao trong xay dung cau quy md nhd
va trung binh” do PGS.TS. Pham Duy Hoa lam chd nhiém chuong trinh [16] va dugc goi 1a NUCE-
UHPC. Thanh phin vat liéu dé ché tao 1 m® hén hdp NUCE-UHPC phuc vu thi nghiém dugc trinh
bay 6 Bang 1.

Bang 1. Thanh phan vat lieu NUCE-UHPC

Thanh phﬁn vat li€u cho 1 m® UHPC (kg)
Sqi thép Cét nghién Xi mang SF GGBFS SP Nudc
158 1100 770 110 220 8,25 176

Cic dic trung co hoc co ban cia vat liéu NUCE-UHPC da dudc cong bd [25] bao gdm cudng do
chiu nén f/ = 120 MPa, mo dun dan hdi E = 42 GPa, hé s6 Poisson 0,209.
2.2. Mdu thi nghiém

Maiu tht nghiém udn 12 mau hinh ling tru, tiét dién vudng c6 canh 1a a, chiéu dai 4 x a. Kich
thudc a dude chon 1a 100 mm, chiéu dai mau 400 mm, Hinh 1(a).

(a) Ubn bbn diém

Hinh 1. Mu thi nghiém ubn

Déi v6i miu diam hinh ling tru c¢6 khiia rinh, rinh dudc xé & vi tri chinh gitta miu dim va & miit
chiu kéo trong thit udn. Chiéu sau cia ranh bang 10 mm va chiéu rong ciia rinh bang 3 mm, Hinh 1(b).

2.3. BO tri thi nghiém

Thii nghiém udn dugc thuc hién theo tiéu chuin ché tao va thi nghiém vat lieu UHPC ctia hiép
hdi xay dung Phiap NF P18-470 [5]. Miu thit dudc dit trén hai gbi tua, khoang céach giita hai gbi tua
bing ba 14n chiéu cao mau.

Thiét bi do d6 vong bang cam bién chuyén vi dudc lap ddt mot dau 1a cd dinh con diu kia dich
chuyén theo do vong ctia mau dim thi nghiém tai gitta nhip. Hanh trinh cta cdm bién t6i thi€u 1a
2 mm (Hinh 2).

Viéc gia tai dugc kiém sodt bang cach didu khién chuyén dong ctia xi lanh c6 gin thiét bi do luc.
Toc do gia tai trén chuyén dong xi lanh 1 (0,25 + 0,1) mm/phiit. Thit nghiém dudc gia tai lién tuc cho
dén khi dat dudc dd vong dugc do truc tiép trén miu bﬁng 0,015 x a (a 1a chiéu cao ctia mau). Két
quéa thi nghiém thu dudc bao gdm: dudng quan hé tai trong — dd vong & ca thi nghiém udn ba diém va
udn bbn diém. Bb tri thiét bi phuc vu thi nghiém dugc trinh bay & Hinh 3.
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Hinh 2. B4 tri thi nghiém uén

Hinh 3. B4 tri thi nghiém udn trong phong thi nghiém

Tit dudng quan hé tai trong — d6 vong tir thi nghiém udn bbén diém c6 thé xic dinh gid tri ctia luc
(F,) tai thoi diém mAt tuyén tinh (két thiic giai doan dan hoi). Gid tri ting suat tuong ing dudc goi 1a
gi6i han dan hoi khi ubn ( Jet. fl), dugc tinh theo cong thiic (1) nhu sau:

Jerp1 = 3Fu/bxa (MPa) [5] 1

trong do: F,; 1 tai trong gidi han dan hdi (N); a, b 13 chiéu cao va chiéu rong mau hinh tru (mm).
Gidi han dan hoi khi kéo (f.1.¢;), dudc tinh theo cong thic (2) nhu sau:
- K  MPay 15 2
fCt,el —fct,ﬂm (MPa) [5] 2)
trong do: « = 0,08;a la chiéu cao mau hinh tru (mm).
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Tir dudng quan hé tai trong — dd vong tir thi nghiém ubn ba diém c6 thé uéc lugng dd md rong vét
ntt (w) thong qua do vong (f) khi biét do vong ting véi diém cudi giai doan dan hdi (f), va dudc xic
dinh theo cdng thiic (3). Tt d6 1am co s dé x4c dinh quy luat kéo sau niit cia UHPC.

w=4/3x0,9x(f - fo) [5] 3)

2.4. Két qud thi nghiém

Pudng quan hé tii trong — d6 vong gitta nhip thu dugc tir thi nghiém u6n bén diém va ubn ba diém
dugc trinh bay & Hinh 4. Két qua thi nghiém udn bén diém cho théy, & giai doan dan hoi, cic dudng
quan hé tai trong — do vong 1a tuong duong nhau. Tuy nhién, gia tri tai trong cuc dai & cidc mau thi
nghiém cho két qua khic nhau, gid tri ndy dao dong tir 50,0 kN dén 68,2 kN, tuong tng vSi do vong
trung binh 0,5 mm, tai trong trung binh & cubi giai doan dan hoi 12 34,0 kN (Hinh 4(a)). Nguyén nhin
din dén gi4 tri tai trong cuc dai & cdc mau khic nhau 13 do anh huéng ctia su phan bd va dinh huéng
cbt sdi & cdc miu khong déu nhau. MAu c6 su phan bb va dinh hudng cbt sdi tot sé cho gid tri tai trong
cuc dai cao hon [26].
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Hinh 4. Két qua thuc nghiém dudng quan hé tii trong — do vong

Déi véi thi nghiém udn ba diém, dudng quan 3.5
hé tai trong — do vong & cidc mau la tuong duong
nhau, diéu nay hoan toan hop ly nhd vao viéc tao
khiia d€ dinh huéng vi tri phat trién vét nit trén
cic mau thi nghiém. Tai trong 16n nhét dat dudc
dao dong tir 31,4 kN dén 34,0 kN tuong dng véi
do vong 0,53 mm (Hinh 4(b)).

Tir két qua dudng quan hé tai trong — d6 vong
clia thi nghiém udn 4 diém, dua vao cong thiic (1) .
va (2) xdc dinh dudc gii han dan hoi khi ubn 0 1 2 3 4
forsi = 10,2 MPa va gi6i han dan hdi khi kéo 49 md rgng vet nit w (mm)

Jetel :,6,81 MPa. . Hinh 5. Budng quan hé d6 vong — do md rong

MOoi quan hé giita tai trong va d6 mé rong vet vét nit
ntit uc luong tir két qué thi nghiém udn ba diém
theo cong thiic (3) dudc trinh bay 6 Hinh 5.
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3. MO hinh sb ing x& uén mau dim UHPC

Mo hinh phi tuyén vat liéu va két ciu dim thi nghiém UHPC dudc xay dung bang phin mém
ANSYS APDL. Trong nghién ciiu nay, viéc mo phong tng xit cd hoc vat liéu UHPC sé st dung to
hop ctia hai bé miit & trang thai pha hoai. Mot bé mit biéu dién ting xt kéo dugc goi 1a bé mit Drucker
— Pracger trong kéo, mot bé mit khac dudc goi 1a bé mit nén Drucker — Pracger dé biéu dién tng xi
khi nén [27]. M6 hinh dé xuit nay c6 tinh khai quat va ¢6 nhiéu uu diém vi né mo ta day dd hién
tuong & giai doan héa ciing va héa mém cia vat liéu khi phd hoai kéo va nén.

3.1. Loai phan tik mé hinh két cdu UHPC

Két cAu UHPC dugc mé hinh bing phan ti SOLID185 trong ANSYS APDL (Hinh 6), phin tit ¢6
sau mat, ky hiéu bﬁng céac chit s6 tir 1 dén 6; tam diém nuit, ky hiéu bé”mg cickytw LJ,K,L, M, N, O,
P; ba bac tu do tai mdi niit véi chuyén vi thang theo phuong x, y va z [27]. SOLID185 14 loai phan tit
phu hgp véi cac mo hinh vat liéu mdi.
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Hinh 6. Hinh dang phan tif SOLID185 Hinh 7. Bé mit gi6i han Drucker — Prager
trong khong gian hai chiéu

3.2. Mé hinh vt liéu
D€ thé hién su khac biét vé dd bén trong kéo va nén clia bé tong, sit dung md hinh két hop hai bé
miit gidi han bao gdm bé miit héa déo Drucker — Prager trong nén va bé miit Drucker — Prager trong
kéo nhu trinh bay & Hinh 7 [27]. Trong d6, truc tung thé hién ng sut chinh theo phuong thi hai va
truc hoanh 12 ting suét chinh theo phuong thd nhét.
Bé miit Drucker — Prager trong kéo dudc biéu dién biang phuong trinh (4).
Oe

V3

trong d6: o, 12 ting sudt Von Mises hitu hiéu; o, 12 ing sut trung binh; B;voy, 1a cac hiang sb dudc
x4c dinh theo cudng do chiu kéo mét truc R, va cudng dd chiu nén mot truc R, thé hién & phuong
trinh (5) va (6).

fop: = + B0 — Ty; 4)

_ V3RO - RO

_ (5)
T (RQ R
2R.Q.R,Q
O-Yt — cmect\paaf (6)
V3 (RQ, + R Q)
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trong d6: Q., Q; 12 cic ham héa ciing va héa déo trong nén va kéo, phu thudc vao dng suit o va bién
s6 héa ciing k. Xac dinh  va hinh dang dic trung ctia ham héa ciing, héa déo dua vao hanh vi héa
ciing, héa déo va do né (HSD).
Bé mit Drucker — Prager trong nén dudc biéu dién bing phuong trinh (7).
O

fDPc = \/§

trong do: B. va oy, 1a cdc hing s dugc xéc dinh theo cuong do chiu nén ba truc R;, va cudng dd chiu
nén mot truc R.. thé hién & phuong trinh (8) va (9).

+Beom — Oy (7

_ \/g(Rb -R.)
po= St @®)
RyR,
S U 9
7T B @Ry - R ®

Khi gi tri cdc hAm sb fpps, fppe < 0, ting xi kéo va nén 1a dan hoi tuyén tinh. Khi ham s
fope = 0, trang théi bién dang déo bat dau, hién tudng nit c6 thé dugc md phong biang cich gia ting
bién dang déo va phu thudc vao cic haim Q. va Q, ctia mo6 hinh HSD. Tuong tu, khi ham s6 fpp. = 0,
trang thdi bién dang déo trong nén bat diu, bé mit Drucker — Prager bién ddi theo ham Q. ctia mé
hinh HSD.

Ansys APDL cung cip bén mo hinh HSD d6 1a: md hinh HSD tuyén tinh, HSD ham s6 mii, HSD
ning luong pha hoai vi md hinh HSD cbt thép. Do diic diém tng xtt kéo UHPC c6 kha niing duy tri
cudng do chiu kéo sau nit, gan gidng véi két ciu bé tong cot thép. Vi viy, trong nghién ciiu nay sir
dung mo hinh HSD cét thép nhu trinh bay & Hinh 8.

0.A O,

Y
=Y

0 Fem Foex

(a) Nén
Hinh 8. M6 hinh HSD cét thép

Ham gi6i han chdy trong nén Q. dugc cho bdi mot ham héa ciing phi tuyén va mot ham héa mém
tuyén tinh. Ham héa ciing phi tuyén dudgc trinh by nhu sau:

Qe = Qi + (1= Qei) 27— = == (10)
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Tai k = Kem, cuiting do nén cao nhét dat dugc va qua trinh bién dang mém bat dau:

1-Q
Qe =1 = —— (K~ Kem) (11)

Ker — Kem

Tai k > K., miic tng suit ty dbi 1a gid tri du.

Ham gi6i han chay trong kéo ; dudc xac dinh bsi quy luit da tuyén theo cuong do du tuong dbi
ctia vat liéu. Su mém hod da tuyén dugc xac dinh bdi ting suit tuong ddi va bién dang déo hitu hiéu
nhu trinh bay & Hinh 8(b).

Dé dinh nghia m6 hinh vat liéu UHPC theo phuong phdp nay, doi hdi phai c6 day da sb liéu thuc
nghiém cic thong s6 vit lidu. Trong nghién ciiu ndy, cic thong sd co ban bao gdm cudng do chiu nén
mot truc, md dun dan hoi, hé sb poisson dudc ldy tif két qué thuc nghiém da cong bd thudc dé tai
“Nghién ctiu tng dung bé tong chit luong siéu cao trong xiy dung ciu quy mo nhd va trung binh”,
mi s6 CTB 2017-01 [16, 25] va cudng do chiu nén ba truc R;, dudc lay b?mg 1,15R. theo [28, 29]. Cac
thong s6 con lai sé st dung thong qua cic ngudn tai liéu nghién ciu vé cc dic trung co hoc UHPC
c6 diic diém tuong tu da cong b trong thoi gian gan day [4, 30-33], dbi v6i thong s6 chua c6 sb lidu
thuc nghiém, tdc gia sé dua trén co s6 ly thuyét md hinh Drucker — Prager [34] d€ dua vao md hinh
nghién ctu. Gia tri cu thé cdc thong s co ban st dung trong mo hinh dugc trinh bay & Bang 2.

Bang 2

TT Tham sb vat liéu UHPC Ky hiéu Gia tri

1 Mb dun dan hdi (N/m?) [16, 25] E 42 % 10°
2 Hé sd Poisson [16, 25] P 0,22

3 Trong lugng riéng (kN/m?) [16, 25] 0% 25

4  Cuong do chiu nén mot truc (N/mz) [16, 25] R, 120 x 10°
5  Cudng dd chiu nén ba truc (N/m?) [28, 29] Ry 138 x 10°
6  Cudng dd chiu kéo mot truc (N/m?) [30, 31, 33] R, 8 x 10°
7 Tham s do nd trong nén [19] S, 0,9

8  Ung suét nén tucng dbi tai diém bat dau héa cting phi tuyén [19] Qg 0,85

9  Ung suét nén du tuong d6i [30] Q. 0,20
10 Bién dang déo tai cudng do chiu nén mat truc [12] Kem 1,14x 1073
11  Bién dang déo héa mém diém 1 [28, 32, 34] Kq1 4x1072
12 Bién dang déo h6a mém diém 2 [28, 32, 34] K 1x107!
13 Bién dang déo héa mém diém 3 [28, 32, 34] K3 5% 107!
14 Ung suat kéo du tuong doi diém 1 [28, 32, 34] Q1 60%
15  Ung suit kéo du tuong dbi diém 2 [28, 32, 34] Qn 30%
16  Ung suit kéo du tuong dbi diém 3 [28, 32, 34] Q3 2%

3.3. Diéu kién bién va tdi trong

Mo hinh diéu kién bién gdm mot dau la gbi cb dinh, va dau kia 12 gbi di dong theo phuong z
(phuong doc truc dim). Cac gbi dit cach dau dam 50 mm. Trong lugng ban than két ciu dudc tinh sau
khi gén gia tbc trong trudng g = 9,81 m/s? theo phuong y (phuong thing ding), tuong tng véi bude
tai trong thii nhat.
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Mo phéng qua trinh gia tai bang cach gan chuyén vi theo phuong thang diing (phuong ), gid tri
chuyén vi pht hop véi tbe dd chuyén vi ctia thiét bi gia tai theo thuc nghiém 1a 0,25 mm/phiit tai budc
tai trong thu hai.

4. Két qua va thao ludn

4.1. Két qud mo hinh s két cdu

M0 hinh phan ti hitu han (FEM) cho két cAu dam thi nghiém UHPC dudc thuc hién véi kich thude
hinh hoc phui hop véi kich thuée mau thuc nghiém. Viéc chia ludi phan ti anh hudng dén do chinh x4c
ctia két qua dong thdi phu thudc vao ciu hinh phan cling mdy tinh va thdi gian phan tich. Vi vay, dé
chon kich thudc chia lugi phan ti thich hop, trong nghién citu niy da ké thira két qua nghién ciu lién
quan dén kich thu6c lu6i phan tii [35] va hudng dan chia lu6i phan tif phit hop clia phan mém ANSYS
APDL [28]. Két qua chia lu6i phan tit dugc thuc hién theo phuong dn sau: & pham vi giita nhip va ddy
dam, noi can nghién ctiu tng xi kéo vat liéu, lusi phan ti dudc chia min hon véi kich thudc 2 mm;
ngoai pham vi ndy, phan tir dudc chia 1uéi c6 kich thuée tit 3 dén 5 mm. Pong thdi, tin dung tinh dbi
xting ctia két cAu khi chiu tii, mo6 hinh sé& dudc thuc hién trén mot phan hai chiéu dai dam, diéu nay
gitip gidm s6 ndt va phan tif cho md hinh (Hinh 9).

ANSYS ANSY“S3

2019 2015
ELEMENTS 01983 ELEMENTS 09

SEP 27 2021 /EXPANDED SEP 27 2021
10:29:29 10:33:00

/EXPANDED

(a) Dam ubn bdn diém (b) Dam ubn ba diém

Hinh 9. M6 hinh 3D két cAu dam

4.2. Két qud tinh todn do vong két cdu khi chiu tdi

Két qua so sdnh gitta dudng quan hé tai trong — d6 vong thu dugc tif mé hinh sb véi thuc nghiém
thé hién & Hinh 10. Biéu d thé hién su tuong ddng rit t6t gitta mo hinh s6 va thuc nghiém. O thi
nghiém ubn bon diém, trong giai doan dan hoi va giai doan tai trong cuc dai, két qua thu dugc tir mo
hinh s6 phut hop véi két qué thuc nghiém miu s 3. O giai doan pha hoai, két qua gitta m6 hinh s va
mAu s6 3 bat dau sai khéc, tuy nhién gia tri thu dugc tir mo hinh s6 vin ndm trong gia tri trung binh
ctia hai mau thuc nghiém s 1 va s6 2 (Hinh 10(a)).

Két qua tuong tu ddi v6i trudng hop udn ba diém, mo hinh s6 tuong dong véi miu thuc nghiém
s6 2. O giai doan dan hdi va giai doan tai trong cuc dai, két qua mo hinh s6 va thuc nghiém 1a tuong
duong. O giai doan pha hoai, két qua tii trong tit md hinh sb cao hon thuc nghiém nhung tuong ducng
v6i két qua thuc nghiém mau sd 1 (Hinh 10(b)). Mic du giita m6 hinh sb va thuc nghiém c6 su sai
khéc vé két qua & giai doan phd hoai mau, tuy nhién gid tri sai khac van nim trong dudng bao cic két
qua thuc nghiém, vi vdy két qui mo hinh sb c6 thé chiap nhan dudc, diéu nay thé hién do tin ciy clia
mo hinh s6 khi st dung d€ phan tich ting xt co hoc vat liéu UHPC.

9
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70 40
60
50 30
z z
g =]
& . 220
B30 g
| | N
20 — — —thie nghiém mau 1] 10 — — —thye nghiém mziu 1 ()
— — —thwe nghiém mau 2 thyre nghiém mau 2 f:_"
10 — — —thee nghiém mau 3 |7 — — —thye nghiém méu 3 |
mb hinh s& mé hinh s6 °
0 - : - 0 .
Q 0.5 1 1.5 2 Q 0.5 1 1.5 2 25 3 35
46 vong (mm}) 6 vong (mm})
(a) Ubn bbn diém (b) Ubn ba diém

Hinh 10. Puong quan hé Tai trong — dd vong

4.3. Két qud phdn tich bién dang

Két qua phan tich bién dang dam khi chiu tai tuong ng véi giai doan bién dang dan hodi (Hinh 11)
va bién dang déo (Hinh 12). O trang thdi bién dang dan hdi, bién dang kéo theo phuong chinh thi
nhat xuét hién trong pham vi gifta hai diém dit tai trong thi nghiém u6n bén diém. Vi viy, c6 thé sir
dung két qua phan tich kéo & khu vuc nay dé d4nh gid dng xi kéo ctia UHPC.

ANSYS ANSYS
NODAL SOLUTION 208 NODAL SOLUTION w0k
STEP—2 SEP 7 2021 sTEP—2 SEP 7 2021
SUB -2 17:14:41 SUB —10 14:50:13
TIME=1.2 TIME=1.23999
/EXPANDED /EXPANDED
EPELL (2VG) EPEL1 (aVG)
DMX =.459E-04 DMX =.888E-04
SMN =.609E-07 SMN =.572E-07

SMX =.168E-03 SMX =.291E-03

.609E-07 .374E-04 .746E-04 -112E-03 .149E-03 .572E-07 .648E-04 .130E-03 .194E-03 -259E-03
.187E-04 .560E-04 .933E-04 .131E-03 .168E-03 .324E-04 -972E-04 -162E-03 .227E-03 -291E-03

(a) Ubn bdn diém (b) Ubn ba diém
Hinh 11. Ung suét trong bé tong khi chiu tii
Két qua so sanh sy hinh thanh vét nit tit mo hinh s6 véi thuc nghiém dugc trinh bay & Hinh 12. Két
qua cho thiy: vi tri hinh thanh vét nit, chiéu rong, chiéu cao vét niit giita mo hinh s6 va thuc nghiém

la tuong d6i phu hop. Vi tri vét nit & thi nghiém udn ba diém 1a tai vét khiia tao sdn & giita nhip
(Hinh 11(b)); dbi v6i thi nghiém udn bdn di€m, vét niit hinh thanh & vi tri diém dit tdi (Hinh 11(a)).
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1 - —

ANSYS
NODAL SOLUTION 20en
ANSYS e SEP 7 2021
STEP=2
NODAL SOLUTION
> 14:50:59
. 2019 R3 SuB =177
suB =122 sEp 27 2021 TIME=2
TIME-1.77706 15:31:18 /EXPANDED
/EXPRNDED
EPPLL  (ave) EPPL1 (AVG)
DMx -.001364 DMX =.002143
Sx - 165417 SMX =.57615

-512134

o 035759 073519 .110278 127038 0 -128033 -256067 .3841
5 320084 .448117 .57615

.o1838 .055139 .091899 .128658 .165417 -064017 219 -

(a) Ubn bbn diém (b) Ubn ba diém

Hinh 12. Sy hinh thanh vét niit va pha hoai dim thi nghiém
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4.4. Két qud duong quan hé iing sudt — bién dang kéo

Két qua dudng quan hé tng suit — bién dang - i
khi kéo thu dudc tir md hinh s6 dam ubn bén diém & ol B
dugc trinh bay & Hinh 13. Un’g suét kéo 16n nhét %’
thu dugc la \8,1 MPa, tng suat kéo ket thic giai é 41
doan dan hoi la 6,85 MPa tuong tng véi diém =
B trén biéu d6 Hinh 13, gia tri nay tuong duong 2y
v6i gid tri tinh todn theo cong thic tir s6 liu thuc

nghiém (6,81 MPa). Bién dang tuong ting véi gi6i 0 005 0.1 0.15
han dan hdi 12 0,0163%. bifn dang (%)

Hinh 13. Pudng quan hé ting suit — bién dang kéo
5. Két luan UHPC

Tt két quéa nghién cttu thuc nghiém va mé hinh sé dam thi nghiém uén UHPC, cic két luan dugc
rut ra nhu sau:

Bé tong chit luong siéu cao (UHPC) st dung ham Iuong cbt sdi thép 2% theo thé tich c6 cudng do
chiu kéo 1én dén 8 MPa. Tuy nhién, cudng do chiu kéo c6 su bién dong giita cic mau thir, phu thudc
vao phuong phap tron, d6 vat liéu vao khuon hay néi cach khac 1a phu thudc vao su dinh huéng cia
cbt sdi. Vi vay, khi tinh toan cin dua hé sb dinh huéng cbt sdi vao cudng do chiu kéo ctia vat licu.

Ung x1 chiu kéo sau niit cia UHPC c6 su khéc biét rat 16n ddi véi bé tong thudng, cuong do chiu
kéo dudc duy tri sau khi suit hién vét nit dau tién, diéu nay c6 dugc 1a nhd hiéu ting bat cau ciia ¢t
soi thép. Cuong do chiu kéo giam dan khi cdt sgi thép tut khéi chit nén UHPC.

11
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St dung mo hinh vat liéu Drucker — Pracger ci tién dudc goi 14 mo hinh DP — Bé tong dé mo
hinh ho4 vit liéu UHPC cho thiy két qua rt phii hop vé6i két qua thu dudc tit thuc nghiém. Giai phap
nay c6 trién vong rat 16n khi ting dung d€ mo hinh s két chu UHPC phuc vu nghién ciu trong diéu
kién bi han ché vé s liéu thuc nghiém nhu hién nay.

Thong qua két qua phan tich mo6 hinh s6 va thuc nghiém, ching ta c6 thé dé dang thu dudc céc
thong sb co ban vé ting xi kéo ctiia UHPC, tif d6 1am co sd dé xay dung dudng quan hé ting suit —
bién dang kéo don gian hoa phuc vu thiét ké két cAu UHPC.

Ldi cam on

Tac gia, NCS tran trong cdm on su hd trg tai chinh ctia Bo Gido duc va Pao tao cho dé tai “Xay
dung bd chi din k¥ thuat vé thiét k&, ché tao, thi cong, nghiém thu, bio tri két cAu st dung vt liéu bé
tong chat lugng siéu cao”, ma s6 CTB 2017-01-06.

Tai liéu tham khao

[1T Yu, R., Spiesz, P, Brouwers, H. J. H. (2014). Mix design and properties assessment of Ultra-High Per-
formance Fibre Reinforced Concrete (UHPFRC). Cement and Concrete Research, 56:29-39.

[2] Wu, Z., Shi, C., He, W., Wu, L. (2016). Effects of steel fiber content and shape on mechanical properties
of ultra high performance concrete. Construction and Building Materials, 103:8-14.

[3] Bajaber, M. A., Hakeem, 1. Y. (2021). UHPC evolution, development, and utilization in construction: a
review. Journal of Materials Research and Technology, 10:1058-1074.

[4] Graybeal, B. A. (2006). Material property characterization of ultra-high performance concrete. Techni-
cal report, Federal Highway Administration, Office of Infrastructure Research and Development, United
States.

[5] French-Standard. NF P18-470 Concrete - Ultra-High Performance Fibre-Reinforced Concrete - Specifi-
cations, Performance, Production and Conformity.

[6] An, L. H., Bdo, B. T. (2020). Nghién ctu d4nh gia tdng quan cic dic tinh co hoc ctia bé tong chét lugng
siéu cao UHPC - Kinh nghiém tit Cong hoa Lién bang Dic. Tap chi Giao théng Vin tdi, Bé Giao thong
Vdn tdi, 77-82.

[7]1 Voo, Y. L., Foster, S., Pek, L. G. (2017). Ultra-high performance concrete—technology for present and
future. Proceedings of the High Tech Concrete: Where Technology and Engineering Meet, Maastricht,
The Netherlands, 12—14.

[8] Azmee, N. M., Shafiq, N. (2018). Ultra-high performance concrete: From fundamental to applications.
Case Studies in Construction Materials, 9:¢00197.

[9] Hitu, P. D., Kha, N. L., Anh, P. D. (2011). Nghién ciiu vit liéu ché tao bé tong cudng do siéu cao (UHPC).
Tap chi Giao théng Vin tdi, Bo Giao thong Vin tdi, 7:15-18.

[10] Théng, N. C., Tuén, N. V,, Hanh, P. H. (2012). Nghién cuu ché tao bé tong chét lugng siéu cao st dung
vat liéu sdn c6 & Viét Nam. Tap chi Xdy dung, 71-74.

[11] Thang, N. C., Thiang, N. T., Hanh, P. H., Tudn, N. V., Thanh, L. T., Lam, N. T. (2013). Nghién citu ché
tao bé tong chit lugng siéu cao s dung silica fume va xi 10 cao hat héa nghién min & Viét Nam. Tap chi
Khoa hoc Céng nghé Xdy dung (KHCNXD) - DHXDHN, 7(1):83-92.

[12] An, V. V. T, Long, H. V., Tuan, N. K. (2016). Ché tao bé tong chét lugng siéu cao sit dung hon hgp phu
gia tro trau - xi 10 cao. Tap chi Xdy dung, B Xdy dung, 4:118-122.

[13] Tuén, N. V,, Thang, N. C., Hanh, P. H. (2015). Nghién ctiu ché tao bé tdng cuvng do siéu cao st dung
phu gia khoang thay thé mot phan xi ming & Viét Nam huéng t6i phat trién bén viing. Tap chi Khoa hoc
Cong nghé Xay dung (KHCNXD) - DHXDHN, 24:11-18.

[14] Danh, L. B., Hoa, P. D., Thing, N. C., Linh, N. B., Dung, B. T. T,, Loc, B. T., Pat, . V. (2019). Nghién
ctiu thuc nghiém kha niing chiu tic dong tii trong nd cia vat liéu bé tong chét luong siéu cao (UHPC).
Tap chi Khoa hoc Cong nghé Xdy dung (KHCNXD) - DHXDHN, 13(3V):12-21.

12


https://doi.org/10.1016/j.cemconres.2013.11.002
https://doi.org/10.1016/j.cemconres.2013.11.002
https://doi.org/10.1016/j.conbuildmat.2015.11.028
https://doi.org/10.1016/j.conbuildmat.2015.11.028
https://doi.org/10.1016/j.jmrt.2020.12.051
https://doi.org/10.1016/j.jmrt.2020.12.051
https://doi.org/10.1016/j.cscm.2018.e00197
https://doi.org/10.31814/stce.nuce2019-13(3v)-02
https://doi.org/10.31814/stce.nuce2019-13(3v)-02

[15]

[16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]
[25]

(26]

[27]
(28]
[29]
(30]
(31]
(32]

(33]

(34]

[35]

Tuén, N. Q., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

Pham, D. H., Le, B. D., Nguyen, C. T., Tran, H. T. (2020). Modeling the fracture behavior of Ultra-
High Performance Fiber Reinforced Concrete slabs under contact Blast Loading. IOP Conference Series:
Materials Science and Engineering, IOP Publishing, 869(5):052079.

Ha, N. B., Hoa, P. D, Tun, N. Q., Danh, L. B., Tuyén, N. N., Bdo, N. Q. (2019). Phan tich va danh gia
xu huéng tng dung vat lidu bé tong chét lugng siéu cao trong xay dung cau quy md nhd va trung binh &
Viét Nam. Tap chi Khoa hoc Cong nghé Xdy dung (KHCNXD) - DHXDHN, 13(3V):1-11.

Hung, C. V., Phic, N. b., Th:flng, N. C., Tuyén, N. N., Hoa, P. D. (2018). Du bdo stic khing udn ciia dAm
bé tong chat lugng siéu cao (UHPC). Journal of Science and Technology in Civil Engineering (STCE) -
HUCE, 12(4):1-13.

Viét, T. B., Long, L. M. (2020). Nghién citu gidi phdp két cdu ldp ghép sit dung bé téng tinh ndng cao
cho cong trinh xdy dung trén ddo. Ha Noi.

JSCE (2004). Recommendations for Design and Construction of Ultra High - Strength Fiber - Reinforced
Concrete Structures - Draft.

French-Standard (2016). NF P18-710 - Design of concrete structures: Specifique rules for ultra-high
performance fibre-reinforced concrete (UHPFRC). Association Francaise de Normalisation (AFNOR).
French-Standard (2018). NF P18-451 Concrete - Execu-tion of concrete structures - Specific rules for
UHPRFC. Paris: AFNOR.

Gowripalan, N., Gilbert, R. I. (2000). Design guidelines for RPC prestressed concrete beams. School of
Civil and Environmental Engineering, The University of New South Wales.

Graybeal, B. A. (2006). Structural behavior of ultra-high performance concrete prestressed I-girders.
Technical report, Federal Highway Administration, Office of Infrastructure Research and Development,
United States.

Kim, J.-S., Kim, B.-S. (2014). Design Guidelines for K-UHPC. Korea.

Hoa, P. D., Tung, K. b., Danh, L. B., Hung, N. M., Phat, N. T,, Théng, N. C. (2020). Bé xuit mot sb tiét
dién chit I dinh hinh cho dam cau du ting luc cing trudc st dung vat liéu UHPC sin xuit tai Viét Nam.
Tap chi Khoa hoc Cong nghé Xdy dung (KHCNXD) - DHXDHN, 14(2V):1-13.

Yu, R., Song, Q., Wang, X., Zhang, Z., Shui, Z., Brouwers, H. J. H. (2017). Sustainable development of
Ultra-High Performance Fibre Reinforced Concrete (UHPFRC): Towards to an optimized concrete matrix
and efficient fibre application. Journal of Cleaner Production, 162:220-233.

ANSYS Inc. (2019). ANSYS help system: version 19.2.

ANSYS Inc. ANSYS help system: version 2019. Material Reference: Canonsburg.

Grgstad, 9., Sandberg, E. (2018). Analysing UHPFRC beams with the help of ANSYS. Master’s Thesis,
University of Agder.

Haber, Z. B., Varga, 1. D., Graybeal, B. A., Nakashoji, B., El-Helou, R. (2018). Properties and Behavior
of UHPC-Class Materials. Federal Highway Administration, 6300 Georgetown Pike McLean.

Park, S. H., Kim, D. J., Ryu, G. S., Koh, K. T. (2012). Tensile behavior of Ultra High Performance Hybrid
Fiber Reinforced Concrete. Cement and Concrete Composites, 34(2):172—184.

Wille, K., Kim, D. J., Naaman, A. E. (2010). Strain-hardening UHP-FRC with low fiber contents. Mate-
rials and Structures, 44(3):583-598.

Savino, V., Lanzoni, L., Tarantino, A. M., Viviani, M. (2019). An extended model to predict the compres-
sive, tensile and flexural strengths of HPFRCs and UHPFRCs: Definition and experimental validation.
Composites Part B: Engineering, 163:681-689.

Drucker, D. C., Prager, W. (1952). Soil mechanics and plastic analysis or limit design. Quarterly of
Applied Mathematics, 10(2):157-165.

Hung, C. V,, Hoa, P. D., Théng, N. C., Phuc, N. b., Phat, N. T, Déng, P. S., Son, N. H., Nam, N. H.
(2019). Ung dung tAm vén khuon bé tong chét lugng siéu cao (UHPC) thi cong ban mit cau bé tdng cbt
thép. Tap chi Khoa hoc Cong nghé Xdy dung (KHCNXD) - DHXDHN, 13(2V):1-12.

13


https://doi.org/10.31814/stce.nuce2019-13(3v)-01
https://doi.org/10.31814/stce.nuce2019-13(3v)-01
https://doi.org/10.31814/stce.nuce2019-13(3v)-01
https://doi.org/10.31814/stce.nuce2018-12(4)-01
https://doi.org/10.31814/stce.nuce2018-12(4)-01
https://doi.org/10.31814/stce.nuce2020-14(2v)-01
https://doi.org/10.31814/stce.nuce2020-14(2v)-01
https://doi.org/10.1016/j.jclepro.2017.06.017
https://doi.org/10.1016/j.jclepro.2017.06.017
https://doi.org/10.1016/j.jclepro.2017.06.017
https://doi.org/10.1016/j.cemconcomp.2011.09.009
https://doi.org/10.1016/j.cemconcomp.2011.09.009
https://doi.org/10.1617/s11527-010-9650-4
https://doi.org/10.1016/j.compositesb.2018.12.113
https://doi.org/10.1016/j.compositesb.2018.12.113
https://doi.org/10.1090/qam/48291
https://doi.org/10.31814/stce.nuce2019-13(2v)-01
https://doi.org/10.31814/stce.nuce2019-13(2v)-01

	1 Giới thiệu
	2 Thực nghiệm uốn mẫu dầm UHPC
	2.1 Vật liệu nghiên cứu
	2.2 Mẫu thí nghiệm
	2.3 Bố trí thí nghiệm
	2.4 Kết quả thí nghiệm

	3 Mô hình số ứng xử uốn mẫu dầm UHPC
	3.1 Loại phần tử mô hình kết cấu UHPC
	3.2 Mô hình vật liệu
	3.3 Điều kiện biên và tải trọng

	4 Kết quả và thảo luận
	4.1 Kết quả mô hình số kết cấu
	4.2 Kết quả tính toán độ võng kết cấu khi chịu tải
	4.3 Kết quả phân tích biến dạng
	4.4 Kết quả đường quan hệ ứng suất – biến dạng kéo

	5 Kết luận

