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Abstract Restrained shrinkage behavior of ultra high performance concrete (UHPC) incorporating different HCSA expansion
agent dosages (0%, 3%, 6%) without thermal curing was investigated by ring test, including three parts; (1) direct tensile stress-
strain test of UHPC; (2) free shrinkage test of UHPC according to GB/T 50082; (3) restrained ring-test of UHPC according to
ASTM C1581. The results indicated that three types of UHPC all achieved ultimate tensile strain higher than 3 000pe. The 28 d free
shrinkage values of three types of UHPC were 1 005. 6pe, 600. Opes 462. 2pue respectively, which converted into residual strain, elas-
tic tensile strain and plastic tensile strain under ring restraint whose values were 700. 4pe, 437. 9pe, 389. 9pue, respectively. None of
the three kinds of UHPC shows a crack wider than 0. 01 mm both in the direct tensile test before a tensile strain of 1 000 and in the
ring test. The plastic tensile deformation mechanism of UHPC based on the direct tensile test and acoustic emission (AE) analysis
method shows that the tensile stress-strain curves of the three kinds of UHPC all have the strain-hardening properties and their plas-
tic deformation presents in the form of multiple cracks smaller than 0. 01 mm in the ring test. Adding HCSA expansion agent can ef-
fectively reduce the tensile stress of UHPC and influence of UHPC on the structure.
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Table 3 Basic mechanical properties of UHPC

UHPC 3 A& 7y 5 ¥ 6 U-0 U-3 U-6

B LR 28 A4 ERRSE/MPa 138.7 138.1  135.6
B AR 28 d HLJE 58 /MPa 189.0 190.2  187.6
1d#HBEHEE/GPa 41.2 42,1 41.9
7d#EHEE/GPa 44.6 447 45.0
28 d 5 4% & /GPa 47.4  47.4 47.7

Vo R R R A K 100 mm By 3 K B KB 40 mmX 40
mm X 160 mm
1.2.1 #hBER A EHEXEFRZHEHRGR T Lk
FFIHC B T A S e B 30 ¢ oL il e 47 iz i
LA 28 d B U-0.U-3,U-6 ¢4 k47 il 7 18y 7 4%
iy 28 300032 309 0 PR 248 00 5 A8 O 0 0. 01 mum) 46 I 44F AR
[F) A5 T B i 24 4 T B2 [ B A7 75 k5 CAED Jo #0413 5 fur
Sy, WP ARG LA 1, (DR S8 R
LR 2 ARR e B E A e BLE AT T R IR A B DA Sk e
TR O (2 M BRI BL A 2 AN E 4 TR AR, H ok & g
KGR 0.000 1 mm [y 4 A G MBS £ J8% 25 o LAAE I & 47 if
AN . 2 A4 B HR 2 0] i PR S AR AR B DR AR IR L AR S5
L 150 mm; (33K IE I T 45 K I 4 4~ AE /£ 18488 T
K4 UHPC FF R A8 i B o i & 555 Ll e UH-
PC Py 1 i B

: Thickness
AE > Az ARTEIS
S & JEHIM RS
o E [[RR
&
([ERe2 ONT
(=}
-8 .
- Unit:mm
I 100
(a) Flpria A R (b) Al a2
Kl 1 UHPC #lii it 2 48
Fig. 1 Direct tensile test system for UHPC
1.2.2 B a4 £k

e H% IR GB/T50082-2009¢ 338 TR % 1 1 #1 H: B A



o 54

2017 F 12 ACAYE 31 % 12

iiif P i i 50 i AR D I 100 mm X 100 mm X 515
mm MBAER, SLIRTERE A (20£2) °C AN R A (60L
5) %0 M HE R AR IR 2 AT s R 0~2 d SR AR B i =R
e AR I E AU U-0,U-3,U-6 M im 7K 5 4 21 i 280
JE W AR AT s S5 3~28 d SR FH Al vk DN 4K U-0,U-
3.U-6 My B4 A8 HE , i & 45 8] UHPC f A Hh Wi 4 17 748 - I
Wik

1.2.3 ASTM C1581 B34 & %%

ASTM C1581 [5] ¥4 52 56 76 ¥ B o 23 °C AR X I8 B o0
S0% AT IR AR IR A 0k R ik AT . BRI 2 Fios. (D
A5 RV PR ER 1 P (0 A 4 S Aok W A e R A L 3 4
A5 COFE S 59 8 P9I i Bk — J2 B ASE 700, % B3+ 47 119 UHPC
B BB v O S 4 T [ IR 375 53 1N 9 3 1 0 % A 4 3R
£ 458 UHPC; (315 6 AR ¥ B 58 G, L&
T a6 — A BRI B SRR B AR IR P Y 4 A R AR
A 107 7E 5 9 25 5 F U W T 4% 150 IS 1 7 AR BN SR SR AR O 5
Hz; (DGR 1 d IR PRBRAMR IR 2 B AS v B 5008 1 s
T, Jpe 2 T A5 3] R 40 B 170 45 10 25 -l 1) by 28 [) Bof SR ) 24 4%
W54 O BE R 0. 01 mm) K 3 46 5k 72 op UHPC [ 2R3 14
T BT 245 B

GEa) 'y

% 110 mm
12.5 mm —»| \_
—> <€— 38 mm Bz
~— 330 mm

(a) AT RAF

LS Ao TS A I 7 A R
L, Ban

2N Q34589, S4MIIUHPC
DEFE—i, ATHRE

3HFRELGEUHPC
AHMER: Q3455 WIARE)

(b) AR R
& 2 ASTM C1581 [Fl Rk

Fig. 2

2 HERKSH

2.1 UHPC B3 FF R 12

K3 R T U-0.U-3,U-6 A7 17 g i A8 i £k, iy 2]
3 AL UL, =7l UHPC 4 5 1k B AR BR B AZ g 200~ 250pe - Bl J5
il £ 3 AN AZ 58 A B o A PR AR R T 3 000pe, AR SE
B L UHPC &b 10 22 55 Ak Bt i 983 7 28 2 O o 1k 28 1k
T 65 L) A7 157 74 Sy P S T N AR i S e R R A
BLL 2GR AR AR IR F] 1 000pe B, =Bk UHPC 270 n] A6 ] 2¢
B¢ h T RAED SEACHIRE D 0. 01 mm, nf A =Ff UHPC
TEHEASRALIEYE A )] R e /N T 0. 01 mm, HE
B3P S A BRI R B 1 7 A [l g B G I PR R
AL B 32 2L A BUAE 150 mm MHAAREE L Z 4.

o T U-0.U-3.U-6 Byfh 70 g 10 42 i 2k K ¢ 4% JT e pll

ASTM C1581 ring specimen

PR AGE 2T X U-0 S647 75 & FH45 405 28 07 52 500Kk B0 TE ik
ML FAAE . SRR AR b F 200~1 000pe B, U-0 i {4
B S B I A R AL AN P 4 TR L35S N A BT S B A
B COFEB R B X 3] (0~20000) U-0 YT 44 45 (2)
bS8 AL IR AR T B R AT B MR A s R i £ R H 2
PRIERAS I U-0 78 1 000e 22 B 9 58 4k B8 1k A8 I 46 3 (4
PR 15 72 DL 2 S AR R8O T R .

¥ J1/MPa

il

(a) U0
0 1000 2000 3000 4000 5000 6000 7000 8000
HIRLR AR (ue)

9

8

gj(
& 5]

21

3

2

1

0

13 =
= P P
- Sty NS
e N D ” g,
- > Ay

BRI F1/MPa
9—‘[\)&»-&(/10\\100\0

(b) U-3

0 1000 2000 3000 4000 5000 6000 7000 8000
BRIV AE (ne)

/
e 7

I fs=2

[EENENEN VNN

1 J1/MPa

A=

O—=NWEAUNAIRNOD—NWRA WL
| e e LI S -+

(e) U-6

0 1600 2600 3600 4600 5600 6600 7060 8 000
BRIV ZE (12)

B3 =& UHPC f4 %l bi 7 Jy i 48 il £

Fig. 3 Tensile stress-strain curve of three kinds of UHPC
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