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Tom tit:

Nghién ciru nay thuc hién thi nghiém chiu kéo tryc tiép cia bé tong siéu tinh ning cao khong soi (UHPC) va
c6 soi (UHPFRC). Mb hinh dudng cong 1y tuéng biéu thi quan hé gitra tng suat kéo va do ma rong vét nut
ctia bé tong siéu tinh nang cao dugc mo ta dé du doan ung xir kéo tryc tiép. Cap phdi thiét ké cho UHPC va
UHPFRC c6 cuong do nén khoang 200 MPa. Cac mau hinh lang try kich thuéc 40 x 40 x 80 mm c6 khic khac
5 x 5 mm & gita mau duoc sir dung cho thi nghiém kéo tryc tiép. Dya trén quan sat su pha hoai mau va két
qua thi nghiém do dugc, UHPC pha hoai don vai dudng cong giam tai doc xudng dot ngot sau khi dat tng suat
kéo cuc dai, trong khi d6, UHPFRC pha hoai déo véi tng xir tang cung khi bit ddu niit va mém héa sau khi
dat ¢ng suat kéo cuc dai. D6 mo rong vét nit cua UHPFRC 16n hon rat nhiéu so véi UHPC. Ham luong soi
thép tang 1 - 2%, c4c gia tri wng suat kéo khi nut, ung suat kéo cuc dai va do mé rong vét nit tuong tng ting
dang ké. Phuong phép thi nghiém kéo tryuc tiép trong nghién ctru ndy sir dung cac miu co kich thudc nhé nén
dé ap dung va giam duoc chi phi thi nghiém.

Tir khéa: UHPC; UHPFRC; Bé tong siéu tinh ning cao; Soi thép; Thi nghiém chiu kéo truc tiép; Ung suat
kéo; Do mé rong vét nut.

Abstract:

This study reports the test results of direct tension tests of ultra-high performance concrete (UHPC) and ultra-
high performance fiber reinforced concrete (UHPFRC). The idealized model of tensile stress versus crack
opening was described for the prediction of tensile behavior. The mixtures of UHPC and UHPFRC were
designed to achieve a compressive strength of 200 MPa. The direct tension tests were conducted on the prisms
of 40x40x80 mm with notches of 5x5 mm in the middle of the prisms. The test results indicated that UHPC
prisms failed in a brittle manner with a sudden drop of load in the descending branch, while UHPFRC prisms
failed in a ductile manner with a strain hardening stage after the cracking stress and with a softening stage after
the ultimate stress. The crack opening of UHPFRC prisms was much higher than that of UHPC prisms. The
values of cracking stress, ultimate stress, and crack opening were significantly improved by increasing the
volume of steel fibers from 1% to 2%. The prisms with small dimensions were adopted for the direct tension
tests in this study, thus leading to the feasibility of testing and reducing the cost.

Keywords: UHPC; UHPFRC; Steel fibers; Direct tension tests; Tensile behavior; Tensile stress; Crack
opening.
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1. Giéi thiéu
Bé tong si€u tinh nang cao (ultra-high performance
concrete — UHPC) 1a mot loai bé tong dac biét cd
cuong dd chiu nén (mau hinh try tron) 1én hon 150
MPa va (ing suat kéo sau khi bat dau nut cao hon 5
MPa [1]. Mét dic diém quan trong cia UHPC d6 1a
cdt soi duoc thém vao dé han ché tinh don vén cé
ctia UHPC do cuong do co hoc siéu cao, dong thoi
tang tinh déo dai cling nhu nang luong phéa huy [2],
[3]. Kha nang chiu kéo cao la mot dac tinh quan
trong cua bé tong UHPC khi c6 cbt soi phan tan gia
cuong (ultra-high performance fiber-reinforced
concrete — UHPFRC), dua vao do6 cac két cau bé
tong mai khac biét so vai viéc sir dung bé tong
théng thuong c6 thé dugc thiét ké. Hién nay cé hai
phuong phap chinh dé do cudong do kéo cua
UHPFRC d6 1a phuong phép kéo truc tiép (direct
tension test) va phuong phap gian tiép (indirect
tension test) [4], [5]. Phuong phap kéo truc tiép
thuong phic tap hon phuong phap kéo gian do can
c6 may moc chuyén dung, thiét bi phic tap, va vi tri
tai hai dau kéo yéu ciu ciu tao riéng biét dé ting
muc do chinh x&c khi thi nghiém [5]. Nguoc lai,
phuong phép gian tiép (ép ché, udn ba diém, va udn
bon diém) sir dung mau thi nghiém don gian hon,
d& thyc hién. Khéc véi phuong phap kéo truc tiép
cho gi4 tri tng suat kéo do duoc tir thi nghiém, két
qua tir phuong phap gian tiép phai duoc tinh toan
théng qua cac cong thire theo tiéu chuan dé xac dinh
duogc cuong do chiu kéo [3], [4], [5]. Theo nghién
cuau cua Naaman va Reinhardt [6], ung xr kéo truc
tiép cia UHPFRC duoc chia lam 02 dang chinh sau
giai doan tng xtr tuyén tinh bao gém giai doan mém
hoa (strain softening) va giai doan tang ctiring (strain
hardening). Hién nay chua co tiéu chuan nao ban
hanh cho UHPFRC dé quy dinh rd phuong phép thi
nghiém, ddc diém hinh hoc cua mau, kich thudc
MAau Vva trinh tuy phan tich dé x4c dinh dugc toan bo
g xir kéo khi mém héa hoic khi ting cing [7],
[8]. Theo Wille va cong su [7], Fehling va cong su
[8], phuong phéap kéo tryc tiép trén mau khdng co
khic khic hozc tiét dién khong thay dbi chi phti hop
Véi viéc do tng suit kéo, trong khi d6 phuong phap
kéo truc tiép trén cac mau c6 khic khic (hinh ling
tru hodc hinh tru tron) va mau c6 hinh dang “xuong
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ch6”thuong hay duoc st dung dé xac dinh duong
cong quan hé giita (g suét kéo va dé mo rong vét
ntit. Theo cac két qua nghién ciu & Bic, UHPC cd
(g suét chiu kéo trung binh trong khoang 7 — 10
MPa, UHPFRC cd tng suét chiu kéo cao hon trong
khoang 7 — 15 MPa [2], [3], [8], [9].

Trong khi do, tiéu chuan caa Nhat Ban chi quy
dinh gia tri cuong do chiu kéo cia UHPC la 5 MPa
va UHPFRC sir dung 2% sgi thép la 9 MPa [10],
tieu chuan cua Phdp SETRA/AFGC, quy dinh
cuong do chiu kéo cua UHPC va UHPFRC la 8
MPa khi thiét ké két cau [11]. Nhu vay, cd su khac
biét 16n vé gia tri cudng do chiu kéo cua bé tong
siéu tinh ning cao giita cc tiéu chuan qudc té khac
nhau. Thi nghiém kéo truc tiép cho két qua phu
thudc vao nhiéu yéu td nhu hinh dang va kich thugc
mau, su phan bé soi, loai soi, ham lwong soi, kich
thuéc hinh hoc soi, phuong phap d6 bé tong mau va
thiét bi thi nghiem [3].

Trén co s& CAC van dé dd duoc thao luan o trén,
nghién cau nay thuc hién thi nghiém kéo tryc tiép
C4c mau ¢6 hinh lang tru kich thudc 40 x 40 x 80
mm va c6 khic khic 5 x 5 mm tai vi tri gitra mau dé
xac dinh duong cong quan hé giita tng suat kéo va
d6 mo rong vét nat cia UHPC khéng soi va
UHPFRC sur dung 1% va 2% soi thép.

Pay 1a phuong phéap kéo truc tiép duoc phét trién
o Vién bé tdng thudc truong Pai Hoc Kassel — Buc
[8], [12]. Phuong phap nay sir dung mau cé kich
thuéc kha nho va ché tao don gian hon cac phuong
phép khéc trén thé gioi. Ung xu chiu kéo cia UHPC
va UHPFRC, ciing nhu anh hudng cua ham lugng
soi thép duogc lam rd thdng qua nghién cuu thuc
nghiém nay.

2. M6 hinh ly twong cia dwong cong quan hé
giira wng suat kéo va dé mé rong vét nit
Theo két qua nghién cau cia Leutbecher [12],
Fehling va cong su [8], [9] tai truong Dai hoc
Kassel — buc, mo hinh 1y tuong cho duong cong
( oct-W) thé hién quan hé giira tng suat kéo ( ocf)
va d6 mo rong vét nat (w) duoc chia thanh cac
giai doan quan trong nhu sau (hinh 1).
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e Giai doan 1 1a giai doan tuyén tinh ¢ trang
thai chua nat dugc xac dinh boi d6 cang khi kéo
cho dén khi dat ung suat bat dau chuyén dich
sang trang thai nat 1a o crcr.

¢ Giai doan 2 la giai doan s¢i phat huy tac
dung trong viéc kiém ché cac vét nit. Khi mau
UHPFRC ¢6 ham lugng soi cao thi xuét hién su
tang (mg sudt tir oerer 4N o'cer khi soi lam viée
kiém ché cac vét niit nho trudce khi dat dén tng
suét kéo cuc han oo O trang thai nat. Co hai
dang duong cong ( ocf -W) tuy thudc vao gia tri
clia o'cter VA octo: (i) Ung xUr tang cung sau khi
vét niit xuat hién tai ocfo > o'crer ; (il) Ung xir
mém hoa sau khi xuit hién vét nit tai oo
< o'ctor. Giai doan nay dugce tinh toan xap xi theo
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Trong d6, Wo 1a 6 mé rong vét nut tai tng suét
kéo cuc han o .

¢ Giai doan 3 la giai doan soi bi kéo ra duoc
xac dinh bang gia tri img suat c6 hiéu ocro danh
du su chuyén dich tir giai doan soi phét huy tac
dung dén giai doan soi bi kéo ra. Qua trinh sgi bi
kéo ra phu thudc hinh dang, kich thudc cua soi,
va d6 bam dinh cua soi vdi bé tong [3], [8]. Gia
tri 16n nht caa bé rong vét nut khi soi khong con
anh huong duogc liy bang mot ntra chiéu dai soi
(14/2). Giai doan nay duoc tinh toan x4p xi theo
phuong trinh sau:
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M@0 hinh 1y tuéng cta duong cong ( ocf -W) chi
chinh xac nhat khi sgi c6 phuong doc theo
phuong cua lyc kéo.
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3. Chuong trinh thi nghiém
3.1. Ché tao miu

Cap phéi dugc st dung la cap phdi M3Q do
truong Pai hoc Kassel nghién cau. Cap phdi
M3Q duoc thiét ké dé dat cudong do chiu nén 200
MPa va do chay xoe cao. Pac diém tiéu biéu cua
cap phéi nay l1a st dung cét lieu min, ti Ié
nude/bot 13 0.21 (bot bao gom xi ming va phu
gia khoang) va duong kinh hat cét liéu 16n nhét
la 0.5 mm. Mat do hat duoc sap xép tdi wu voi
viéc khdng ché duong kinh 16n nhat caa ct liéu,
két hop thém vao phu gia khoang silicafume (loai
Sika ® Silicoll) va str dung phu gia siéu déo (loai
Sika ® ViscoCrete 2810).

Bang 1. Cap phdi bé tong UHPC va UHPFRC.

Thanh phan Don vi UHPC UHPFRC-SF1% UHPFRC-SF2%
Nudc kg/m? 188 186 184
Xi mang kg/m?® 795 788 778
Silica fume kg/m?® 169 167 165
Phu gia siéu déo kg/m? 24.1 23.9 23.6
Cét nghién kg/m? 198 196 194
Cét hat min kg/m? 971 961 952
Soi thép kg/m3 - 78.5 157
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Soi thép duoc sir dung 12 loai soi ¢6 chiéu dai ly=
13 mm, duong kinh df = 0.175 mm, cuong do
chiu kéo 1a 2500 MPa, va cé bé mit phing duoc
ma dong mau vang. Hai ham lwong soi 12 1% va
2% thé tich bé tong duoc st dung cho UHPFRC
dé khao séat. Bé tong UHPC va UHPFRC duogc
tron thanh ba mé tuong tng vai ham lugng soi
bang may tron cudng btc chuyén dung c6 dung
tich 150 lit. Hinh 2 m6 ta may tron, d6 xoe va loai
sgi thép. Bé tong twoi UHPC va UHPFRC duoc
d6 vao cac khuon thép duc mau hinh ling tru dé
thi nghiém kéo kich thudc 40 x 40 x 160 mm
(hinh 3a) va mau hinh tru tron dé thi nghiém nén
kich thuéc 100 x 200 mm. Déi véi mau kéo, do

,l

May tron

R

Do xoe

bé tong theo phuong vudng goc voi phuong chiu
kéo cua mau. Sau khi dtc, c&c mau duogc bao
dudng ¢ diéu kién nhiét d¢ trong phong (khoang
20°C dén 23°C), th4o mau sau 48 tiéng bé tong
d6ng cting va tiép tuc dugc bao dudng trong diéu
kién nhiét d6 binh thudng trong phong cho dén
ngay thi nghiém. Mau dé thi nghiém kéo 40 x 40
X 160 mm sau d6 duogc cit 1am doi thanh kich
thudc 40 x 40 x 80 mm dé chuan bi cho thi
nghiém. Mau 40 x 40 x 80 mm duoc tao khéc
hinh chir U kich thuéc 5 x 5 mm ¢ gitra (hinh 3b).
Ung v6i mbi ham lwong soi ché tao 06 mau thi
nghiém kéo truc tiép va 03 mau thi nghiém chiu
nén.

Soi thép

Hinh 2. May tron, do xo0e, va sgi thép.

\ ! ‘A_::#__( -.: i “",
(a) Mau 40 x 40 x 160 mm
sau khi duac

i

(b) Mau 40 x 40x 80 mm co
khac khac 5 x 5 mm ¢ giita

Hinh 3. Ché tao mau thi nghiém kéo truc tiép.

3.2. Thi nghiém kéo truc tiép

Thi nghiém kéo tryuc tiép mau ling tru 40 x 40 x
80 mm c¢6 khéc, thi nghiém do cuong do chiu nén
va md dun dan hdi mau hinh tru tron 100 x 200
mm duoc tién hanh trong cling mot khoang thoi
gian. Khac 5 x 5 mm & giita ¢ tac dung phat sinh
vét nut tai vi tri nay khi mau chiu luc kéo dé pha
hoai mau xay ra & giira, l1am ting mirc d6 chinh
xéac cua két qua do dac. Mau kéo duogc chuan bj
nhu sau: (i) hai khdi thép hinh 1ap phuong 40 x
40 x 40 mm c6 khoét 16 ren duong kinh D20 duoc
gan chat vao hai dau caa mau kéo thong bon tim
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thép gan vao mau bang loai keo dinh chuyén
dung; (ii) trén bén tim thép nay gan 6c dé lién
két vao miéng d& cam bién chuyén vi LVDT
(Linear Variable Differential Transducers). Hinh
4amb ta chi tiét mau chuén bi cho thi nghiém kéo
truc tiép. Gia tri cua d0 mo rong vét nit duoc do
bang gi4 tri trung binh ctia 04 cam bién chuyén
vi dimg LVDT nhu trong hinh 4. Pham vi chiéu
dai do cia LVDT Ia 40 mm. Thi nghiém kéo
duoc thue hién bang may kéo chuyén dung (RBO
2000) c6 luc kéo tbi da 1a 1.6 MN. Hinh 4b mé ta
thi nghiém kéo truc tiép, trong d6 hai dau cua
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mau duoc lién két voi may kéo thong qua bu 16ng
D20. Tai trong kéo tac dung 1én mau thong qua
chuyén vi voi tbe d6 0.01 mm/s. Khi d6 mé rong
vét nit bit dau vuot qua 2 mm, ting toc do gia
tai 1én 0.05 mm/s dé ddy nhanh thoi gian thi

Cuc thép
gin chat
vao miu

Tam thép

Mau bé tong

Oc dé bit
miéng 4
LVDT

(a) Mau 40x40x80 mm chuan bi
trudc khi thi nghiém

(c) Mau kéo bi phé hoai

nghiém. Thi nghiém kéo két thic khi miu co
chuyén vi 16n va bi tach rdi thanh hai phan ddi
v6i UHPC va soi & giira bi dt d6i voi UHPFRC
(hinh 4c).
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(b) Thi nghiém kéo tryc tiép

Hinh 4. Thi nghiém kéo truc tiép.

4. Phan tich két qua thi nghiém

Trén co so duong cong 1y tudng ( ocf -w) da trinh
bay & phan 2, két qua thi nghiém do dugc ung
suat kéo cuc han fo va bé rong vét nat tuong Gng
Weet cho bé tdng UHPC khdng cét soi nhu trong
bang 2. Cuong do chiu nén trung binh caia UHPC
do duogc 1a 179 MPa va mé dun dan hdi trung
binh twong ung la 48.37 GPa. Buong cong ( oct
-w) ciia 06 mau UHPC dugc thé hién trong hinh
5. Cuong d6 chiu kéo cua UHPC trung binh la

67

4.22 MPa tai vét nat ¢d chiéu rong rat nho 0.002
mm. C4ac mau co gia tri c6 do léch khac nhau
nhiéu so vai gi4 trj trung binh nhu miu 5 va 6,
diéu nay dugc giai thich bang viéc vét nit khong
xuat hién tai vi tri khic & gitra mau ma tai vi tri
khéc khién cho tai giam nhanh khi vét nut bt dau
xuat hién. Bdi v6i UHPC thi pha hoai mau rat
don véi viéc mau bi tach ra lam hai khi cudong do
kéo cuc han. Giai doan sau khi dat cuong do kéo
cuc han thi mau bi pha hoai va luc kéo giam rat
nhanh, duong cong c6 dang tuyén tinh.
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Bang 2. Két qua fe; va wie cia UHPC.

. x fet
S6 hiéu mau Wiet (MmM)
(MPa)
1 4.80 0.005
2 6.29 0.006
3 4.96 0.003
4 4.48 0.004
5 3.15 0.003
6 1.65 0.005
Trung binh 4.22 0.002
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(b) Buong cong ( o -w) phdng to
Hinh 5. buong cong ( o ¢ -w) cua UHPC.

Cuong do chiu nén trung binh cuia UHPFRC 1%
soi thép do duoc 1a 188 MPa va mé dun dan hoi
trung binh tuwong (ng 1a 48.42 GPa, trong khi do
cuong do chiu nén trung binh cuia UHPFRC 2%
soi thép 1a 195 MPa va mé dun dan hoi trung binh
twong ung la 49.65 GPa. Déi véi bé tdng
UHPFRC c¢6 ham luong soi 1% va 2%, duong
cong thi nghiém nhu trong hinh 5 do duoc gidng
xu hudéng cua duong cong ly tuong (o -W)
trong phan 2 bao gém tng suit bit dau chuyén
dich sang trang thai nut la octer va d0 moé rong
vét nurt trong ng Wer , tmg sudt kéo cuc dai oo
va d6 mé rong vét nit tuong tng Wo (bang 3 va
4). Hinh 6 va 7 thé hién toan bd duong cong ( o cf
-W) va mot phan phong to cho UHPFRC 1% va
2% soi thép tuong ung. Mau UHPFRC cho pha
hoai déo véi sy tham gia cia sgi trong viéc han
ché vét nut nén giai doan sau khi bat d¢au nut khi
dat o cter ,s01 phat huy tdc dung nhiéu nhét dén
khi dat oc. Gia tri trung binh oco 16n hon
O cfer, VI vdy, nhin chung cac mau UHPFRC c6
ung xu tang cung. Giai doan sau khi dat cuong
do kéo cuc han oo duge quan sat ro va do md
rong vét nit duge duy tri cho dén khi cac soi bi
kéo dut. Mau UHPFRC 2% cho gi4 tri oo Va
O cter 16n hon mau UHPFRC 1%. Gia tri wo 16n
hon rat nhiéu so v6i Wer chtg té mau bi pha hoai
déo va duong cong sau khi dat ocro dugc quan
sat kha 16 rang v6i do dboc giam tir tir. Mau
UHPFRC 1% soi thép bat ddu nit tai tng suét
kéo trung binh 1a 7.66 MPa va dat (mg suat kéo
cuc dai trung binh 12 8.77 MPa, trong khi d6 mau
UHPFRC 2% bat dau nut tai Gmg suat kéo trung
binh 1a 10.30 MPa va dat ung suit kéo cuc dai
trung binh la 11 MPa.

Bang 3. Két qua thi nghiém cho UHPFRC 1%.

x Ocfcr

S6 hiéu mau (MPa) Wer (MM) o0 (MPa) wo (mm)
1 8.32 0.126 8.53 0.280
2 8.43 0.120 8.11 0.293
3 7.20 0.237 6.88 0.261
4 6.83 0.032 10.51 0.215
5 5.17 0.033 8.05 0.284
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Ocf.cr

o0

S6 hiéu miu (MPa) Wer (MmM) o0 (MPa) Wo (mm)
6 10.03 0.087 10.51 0.227
Trung binh 7.66 0.106 8.77 0.260
12 12
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Hinh 6. Buong cong ( o ¢t -w) cua UHPFRC 1% sgi thép.
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(b) Buong cong ( o ¢t -w) phong to

Bang 4. Két qua thi nghiém cho UHPFRC 2%.

Xy en x Ocf.cr
So hi¢u mau (MPa) Wer (MmM) ocfo (MPa) Wo (mm)
1 12.27 0.108 12.00 0.280
2 9.44 0.103 10.24 0.293
3 10.18 0.045 11.89 0.261
4 7.25 0.120 7.31 0.215
5 11.36 0.063 11.78 0.284
6 11.31 0.063 12.75 0.227
Trung binh 10.30 0.084 11.00 0.260
14
Specimen No.1 ~—Specimen No.1
—_— —_ 12 —Specimen No.2
{_i__“ Specimen No.2 = ecimen No.
é Specimen No.3 % 10 —2|':ecimen :nj
ﬁ —Specimen No.4 i‘o’ ] —Specimen No.5
:E‘ —Specimen No.5 E Specimen No.6
é- —Specimen No.6 é‘ 6
2 g 4
R — 0 :
8 0 0.5 1 1.5 2

Do mo rong vét nut (mm)

(a) Buong cong ( o ¢ -W) toan bod

Hinh 7. Buong cong ( o¢f -w) cua UHPFRC 2% sgi thép.

So véi mau UHPC, UHPFRC 1% soi thép co
cuong d6 chiu kéo cuc han trung binh cao hon

D6 mo réng vét nirt (mm)

(b) Buong cong ( o ¢t -w) phong to

cao hon khoang 62%. Mau UHPFRC c6 d6 mo
rong vét nirt 16n hon rat nhiéu so vi mau UHPC.
khoang 52%, trong khi d6, UHPFRC 2% soi thép  Hinh 8 thé hién so sanh giita dwong cong ( ocf -

69



Lé Hoang An

w) cua ba loai mau UHPC, UHPFRC 1%, va
UHPFRC 2%. Ung xtr chiu kéo giita mau co soi
thép va khéng co6 soi thép hoan toan khac biét.
Mau UHPC khi dat ¢ng suét kéo I6n nhat fe
duong cong giam tai di xubng rat nhanh, trong
khi d6 miu UHPFRC 1% va 2% soi, khi bat dau
nat tai tng SUat ocrer , duong cong bt dau ting
cting (soi phat huy vai tro kiém ché vét nirt) cho
dén khi dat ung suét kéo cuc dai oo, duong
cong bit ddu mém hoa véi dé doc xubng.

Nhu vay, ung xur cua cac loai mau co sgi va
khong soi hoan toan gidng véi mo hinh duoc mb
ta ¢ hinh 1.

=10 -=-UHPC
Qz; = -UHPFRC 1%
2 5 ~—UHPFRC 2%
-
£ 6
5]
<
b=
o 4
£
=1
C o2

0 ,

0 1 2 3 4
P§ mo rong vet nirt (mm)
(@) Buong cong ( o ¢ -W) toan bod

12
£ 10
2
g 8
—
=1
5 6
o
=]
‘%" 4 — “UHPFRC 1%
= PFRC 2%
O 2 =—UHPFRC 2%

0 1 1 1

0 0.2 0.4 0.6 0.8

Do mo rong vét nirt (mm)
(b) Puong cong ( o -w) phdng to
Hinh 8. So sanh duong cong trung binh (o cf -w)

giira ba loai miu UHPC, UHPFRC 1%, va UHPFRC
29 soi thép.

4. Két luan

Két qua thi nghiém kéo tryc tiép trén mau hinh
lang tru 40 x 40 x 80 mm c6 tao khic 5x5 mm
dugc gidi thiéu va phén tich trong bai bao nay.
Mot s6 két luan quan trong nhu sau:

e M6 hinh duong cong 1y tudng (ocf -W)
dugc d& xudt boi Leutbecher [12], Fehling va
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cong su [8] phan anh dang hinh dang cua duong
cong do tir thi nghiém, do d6 mé hinh nay c6 thé
str dung dé du doan ung xu chiu kéo cta bé tong
si€u tinh nang cao.

e Toan bo tmg xir kéo cia mau c6 thé dugc
quan sat rd rang thong qua phuong phap thi
nghiém kéo tryc tiép d trinh bay ¢ trén.

e Miu UHPC pha hoai don véi dudng cong
rét tai doc xudng dot ngot sau khi dat ing suét
kéo cuc dai fu, trong khi d6, mau UHPFRC pha
hoai déo v&i g xir ting ctng khi bat dau nirt tai
(g sudt ocrer va mém hoa sau khi dat Gmg suét
kéo 16n nhit oco. BE rong vét nit w cia
UHPFRC 16n hon rét nhiéu so véi UHPC.

e Khi ham luong sgi thép str dung tang tir 1%
Ién 2%, cc gia tri Ocfer VA Ocfo cia mau thi
nghiém kéo déu ting dang ké.

e Cac mau sir dung cho thi nghiém kéo truc
tiép trong bai bao nay c6 kich thudc nho, ché tao
don gian hon so véi cac nghién ctru trude day cho
nén dé ap dung va giam chi phi thi nghiém.
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