Experimental Study on the Material Characteristics and
Flexural Behavior of Ultra High-Strength Concrete
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Abstract

The object of this study is to investigate material characteristics and flexural behavior of ultra
high-strength concrete of 1200 kgf /c¢m? obtained by the mix of silica fume. The assessment of com
pressive strength by using the Acoustic Emission method forms an advanced experimental result for
examining the concrete failure. Modulus of rupture and tensile splitting strength are also studied. Ex-
perimentally determined values for the modulus of elasticity and strains, etc are observed higher than
those predicted by the expression given in ACI 363R. The main variables in the beam test are tensile
steel ratios, presence of shear reinforcement, and change of steel bar shape. The section behavior of
beam as a function of the location of neutral axis, the load-displacement relationships and the pattern of
crack are investigated. A triangle stress block on a section of test beam may be validated by the present
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theory and can be suggested as a developed model.

Keywords : Ultra high—strength concrete, Material characteristics, Acoustic Emission, Micro porosity,
Flexural Behavior, Load —displacement relationship, Triangle stress block
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Table.1 Chemical composition and physical properties of silica fume(%)

S0, | FeO, | ALO, | C MgO Nz,0 KO © 80, Diameter(zm) Specific Surface
%0.3 2.33 117 129 1.9 0.40 184 | 052 0.13~0.16 15~20 m*/g
Table.2 Mix propotions of concrete

(mm) (cm) L ) (%) (%) (%) %) | W C S G [ Mls0| &
A1 242 | 241 l 279 | a8 | 23 | 159 | 130 | 460 | 24 | 1014 | 163 | 699
B 2 | 842 | 241 | 460 | 400 46.0 00 | 75 | 383 | 689 | 122 0% | 00

A 1ltra hlgh qtrength concrete, B: Lower strength concrete

112




50

200 1260 14

1260 200

300
400

lers
400

A } »
6060 120100=1200 MM

120100=1200 [gagp

50

=360 £age

| 2o |

=360

1560 620 620

1560

Fig.1 Details of beam specimens

FAAE, H74EE 10cmX 10cmXx40cm®) 2438
A& A&t ZRAIY AlsE 200ton §HEA]
& AMgEt o, b, & FUE HEs 9 AE
E4& Dynamic Strain Indicator 9} Data Re-
corder® A3l FAlo] &34k EI AEFPE
248 FAHANE AN 7] F FEUE R LR A
e Auto Pore 9200 V2. 03) & AH&-5to] 2aE )
3-0] A FE4] (Micro porosity)oll thaled &5
HARAYE B ZAAe A=) 9 u}]‘lO} A4
£ Fig. 19 Jehlied FA14 A9 g HEQ1x}E Table
3ol ERATE B FAIA 9 A v }'fol 40cm{-F
Awo] 3vem), E 2cm, i‘fﬂl 3%6cm(H g2
126cm, ¥2W 144cm, Ag-294] 3, 6) 22 FAA
T 7otk 2 FddHE 9 U 2Y4oR Y
20cm 91X & ]“ MAsted LA 7} e or ¥
YInE gt on ATt AHYE S8 vt
ste) Hehatazt dojubx] g gt HE A
Table 3ol veRd 713} o] 1A y], § k9
Ao {5 2 Sweddce] EHEH(9E

2, v 3 At 1 o] H ) o 2},

H Atz 1008 7t A ol &8 st Ao e
2M 284 sE dAlsI) 6k 2H L 2EdS o g
stal e MAAE $4H, Astyd 2 Apol 9] 574
dAste MR EE A EAE FA(YE
F 3 ARl 3674 B JFHHFAHE B4
Z 2/ de 2EHAA )N E B MY S &

gasion w4 pue) el deleieln e

Hx5he] Eatabeh 7 o) J%H

Wi 2R E U-CAM3H P
2 50 71230,

(@]

1~a
O{D
_O‘L
£2
[$2]
bale
)
o

H 4 H 2%, 19926.

Table.3 Properties of specimens

Tensile rehar Cumpcss rebar Bal Shape

of | steel | o of
specunenf Noof | Ratio N[;(;f " Ratio | ratio o bar

o Dbar o m) | bar | pd%) | ed%) | (%)

1 13D22: 166 | 2D6 009 1331 | 125 | Deformed

23019 | 123 | 2D6 | 009 (1331 | 92 | Deformed
3 l 3016 | 085 | 206 | 009 1331 | 64 | Deformed

4 |aD13 054 | 2D6 | 009 | 1331 | 41 | Deformed
S i 3D19 ' 123 | 206 | 009 | 1331 | 92 | Deformed

6 38 | 166 1 2D6 | 009 | 1331 | 125 | Round
73022 | 166 | 2D6 | 009 | 1331 | 125 | Halp Def.
8_ 1 3D16 | 085 }3D16 | 085 | 1457 | 58 | Deformed

* Especially 16 stirrups are reicforced at DI0@9 in flexural span

3.2 HEED Y BN
1152 5o

Z2I7E EAYE] IEUEE 1000kgf /cm?—
1300kgf /cm? el glon HEZRL #IHEE
300kgf /cm? A Folt). o] AldAE Table 4 he}
k(4] #4% HE AHP= AEER). 210%
T ZAYEY YFAEAHORNE T HUE £
Ao Fubek W& 0.0031-0.0042+= HERE &3
glEo Zwek Wiy g 0.0018—0.0026 2o} 423] 49
AEFE F7reF o] AN FEAY] 2P WY
7t Ao A stn Utk Fols MR,
4 A¥F2A Perenchios®e] AdAN Hdzx
560kgf /cm?2-812kgf /cm? o A2} 0.2-0.28 3} & a
ol noli iy, ¥ -WEE WA 271y
AT B 4.10x10°kgf/cm?—4.84 X 10°%kgf/cm2&]
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Table.d wumpressive strength values of the test concrete

Sylin- | Maximum | Long. Trans. { Poission | Young's No.

der stress strain strain 1atio modulus | of AE
§pecimen kgfiem® | &x10° | &x10°* v 10°kgfem® | event
Cll-1} 1146 3475 1110 0.319 421 6294
Cll-2| 133 3900 1652 0.423 410 | 6100
Cl1-3| 1159 3925 | 1645 0419 4.71 1223
C12-1| 1261 3853 1652 0.429 4.17 3632
Cl2-2| 1197 | 3663 | 1032 | 0282 | 457 | 3410
Cl2-3 1248 4225 1324 0.313 4.15 2696
C21-1: 1050 32838 710 0.216 4.32 2715
C21-2: 1025 3400 1134 | 0333 4.34 1139
C2-11 171 3688 1475 0.400 4.71 2684
Co2-2! 1031 | 3125 | 1175 | 0376 | 421 | 7186
C22-3' 1048 | 3450 | 1120 | 0324 | 455 | 9900
C22-4 1080 3715 1520 0.409 444 - 2900
C22-5 115 | 3270 | 1395 | 0427 | 421 | 5150
C2—61 1125 3605 1365 0.379 4.62 4200
CCH | 369 | 190 | 635 0324 242 | 9980
~CG1 325 2573 678 0.264 \[ 2.68 5505

CGL 270 1800 480 0.267 ‘ 2.86 ¢ 9500
Cl:No.2, 3, 4. 5 Specimen,
C2:No.l, 6, 7. 8 Specimen
CH. CG: Lower strength concrete
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Table.5 Modulus of rupture(fr) and tensile splitting strength(f t)

Type No. fr 't frific f'tff'c
(kgffem®) | (kgffem?)

A 1 9.1 89.1 1127 1134
2 101.9 7.6 1117 1146

Ultra | 3 %.0 85.9 11124 1139
high- | 4 1082 84.4 1/99 1127
5 1170 85.0 19.1 1126

6 1053 796 1/102 1/134

1| 2.7 1105
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Fig.2 Compressive strength - longitudinal strain —AE event num-
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Fig.4 Porosity diameter vs cumulative porosity volume
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Table.6 Fiexural behavior of beams
No. Initial crack \ Yielding of bar Maximum strength Ultimate staus Crack spacing Failure | ACT
of | Load | Dis. |Comp. | Lead | D | Comp. | Load | Dis | Comp. | Load | Ds | Comp | Max | Ave mode Maximum
spec. | (ton) | (mm) Vstrain (ton) | (mm) | strain | (ton) | (mm) | strain | (tor) | (mm) | strain | (mm) | (mm) strength
CLop T4 el b AT | 135 | U2 | 24 | 130 | MW | 274 | 150 | 4490 | 260 | 173 I e 2.3
2 83 | 28 | 3% | 170 | 127 | 729 | 217 ¢ 188 | 8810 | 217 | I8 | l0 | %0 | 179 &9 1747
3 56 | 19 0139 | 10 | 106 ; 671 | 161 | 245 | 703 | 161 | 245 | 7603 | 250 | 193 EELE 1332
1 55 | L7 | 168 | T8 | 66 | 476 | 101 | - {373 | 01 | 35 | 378 | %0 | 75 R 887
5 58 [ 18 168 ! 173 | M3 | 810 | 280 | 205 | 498 | 230 | 25 | 4968 | 200 | 139 ¢ ¥ 1747
6 56 | 16 | N2 | 24 | 152 | W0 | %53 | NI 4% | 253 0 25 | %09 | M0 | 231 9 g U2
7 67 | 20 | 167 | 02 | 139 | 1065 | %65 | IS4 | 34 | 65 | 134 BU | B 163 Zuls| %L
8 62 | 18 | M0 | M2 | 99 | S | I5k | I8 | 314 ' 158 ' 1% | 329 | 30 | 195 FA% 1396

* Unit of compressive end strain : &, x 10
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