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ABSTRACT

Existing tests results have shown that confining the concrete compression region with closed stirrups improves
the ductility and load-carrying capacity of beams. However, only few researchers have attempted to utilize the

beneficial effects of the presence of these stirrups in design.

This paper presents the result of experimental studies on the load-deflection behavior and the strengthening
effect of laterally confined structural high-strength concrete beam members in which confinement stirrups have
been introduced into the compression regions. Fifteen tests were conducted on full-scale beam specimens having
concrete compressive strength of 41 MPa and 61 MPa. Different spacing of stirrups(0.25~1.0d) and amount of
tension steel(0.55~0.7 p,) as major variables were investigated.

And also, this study present an appropriate shear equation for decision of ultimate failure modes of high-
strength concrete beams according to stirrup spacing. The equation is based on interaction hetween shear strength
and displacement ductility. Prediction of failure mode from presented method and comparison with test results are

also presented

Keywords : reinforced concrete, high—strength concrete, load, deflection, beam, spacing of stirrup, failure mode, shear
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w2 F-Ag g yae vwd HEEHA 48710 A Table 1 Mix proportion

kel AMchEAS A AlEkaA)l Ehok Target compressive strength at
h o 2 days (MPa) i 60
o s w/C 0480 0358
2.4 #® S/a 0437 0413
Al o Water (kg/m’) 180 1%
21 davhe Cement (kg/ri¥) 35 489
. . Gravel (kg/m’) 097 91
USPEE 4, OMPag ZE2 sglon, 2adE ST = -
””%L‘S‘ Table 134 2. ERA Xﬂ%% wriEo] XBem Super—plasticizer (kg/r1) 043 065

1 58 53 % 71%& 78 }030111 B A e &
B 7HA(s)& ACIHADY 50~200 %A %2 57 10,15,
Dem (025~1002 et wsigich 22e D0 B o
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Table 2 Properties of test specimens and test results

Section Tig:é?n Web reinforcement Yield state l\/Ia);lantleum Iﬂmt;nate )
Beam I, | 7o | (bxa) |a/d L Por $ state | [Failure
MPa| "o No. | Pt]| @ |No.| S| Pw _Puw Shape | &N Pyl 0y | Pmax|Omad Pul| S mode

% M| % | Py acI (N) | (mm) | (kN) | (mmy)| (KIN) | (mm)

AGFO 1916105 - 10| 0| 0 | O |24] - | - |mo|3&] - | - | | DT
AGF5 o019 196 053 15 |204] 210 | O | 108 |1857] 402 | 2077 |1038]1662|.42[583] F
G| 019|196 | 053 71146 150 | O | 294 |283] 59 | 287 [10.72]1630]1829|3.07] F-SC
AGF10 19| 19 | 053 O | 204 [1824] 580 | 1878] 998 | 1502[18.86|320| F-SC
AGFI0U 019|195 | 053 U | 235 [1792] 542 | 1997 | 13.20] 1598] 1471|271 | SC
AGF10(B) 2| 263 071 1011020 106 | [ 196 |2325] 632 | 206] 821 [1925]1087]172] sC
6GFI0 | 61 | 25 o 2631055 O 382 [:15] 70 [ 2271518 21022318/ 298] F
AGFI5 ux21|  [2p19]19%] 053 O [ 304 1752 594 | 1795| 894 | 1436]1176| 18] ST
AGFI5U | 41 019|196 | 053 | PO U | 216 |1650] 520 | 1665|558 | 1352|733 | 141] ST
AGFI5B) | | o 263|071 | | 10088 010 H 016 [a017| 634 | 202 683 [1618] 950 | 150] ST
6GFI5 | 61 o022 263 ] 0% O | m3 26777 2240|908 1962)1377] 18] ST
AGFN | 19156 053|  [20]051] 088 | O | 274 [1722] 627 | 1744 653 [1395]1057]169] ST
AGF54 —{op19] 195! 053 5 20l 210 | O | 176 |1209] 95 | 1484|642 1187/58.10]620] F
acri04 | A 40| 2019] 195 | 053 O [ 157 [®2] 911 | 12633720 1000[2406]484] F
AGF10-4(B) ool 2a3lozr| 101102 L5 7 Tis14] 819 | 164211732 13141202037 F

*Note : P,, 6, = load and displacement at yielding point of tension steel
P,, 8, = load and displacement at 0.8 P, after peak ; «=displacement ductility(=3,/8,)
DT = failure due to diagonal tension ; F=flexure ; SC=shear compression ; ST=shear tension

514 B=E AR EStS] =2 Mi5H 45(2003)



Table 3 Mechanical properties of steel

N T g pen
size | "y | P | STED | v Ce
DI0| 3%0 5924 10002064 | 1923500 234
D19 | 431 6179 | 0002064 | 2107600 212
D22 | 4501 | 6190 | 0002042 20400 | 195

Table 4 Properties of concrete
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Fig. 2 Effect of the stirrup spacing on load-mid
span deflection response
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Fig. 4 Effects of web reinforcement and tension
steel ratio on load-deflection response
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Fig. 8 Relationships between (a)R, and v, (D) R,
and cot ¢

Fig. 9 Degradation of concrete shear strength with
ductility
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Table 4 Prediction of failure mode for high-strength concrete beams
5 Shear equation
Test result P D. - =
ew~ estley - 1 0
Beam — Analysis New-RC Priestl ACI-318 Zutty Ohn
ailure Failure Failure Failure Failure TFaﬂure
Y F mode Y F S mode S mode S mode S mode S mode
AGF5 | 402 | 2342 F - F - F - F - F 75 F-S
4GF7 | 59% | 1829 | F-S - F - F - F - F 6.1 F-S
4GF10| 589 | 188 | F-S 6.0 202 140 F-S - F - F - F 50 S
aGF5| 5% | umw | s 55 S | F - F - Fo| 42 3
4GF20 1 627 | 1057 S 50 S 14.1 S 118 F-S - F 40 S
#Note : Y=displacement at vielding point(mm); F=displ. at failure point(mm); S=displ. at the intersection point(mm)
F-=failure due to flexure; F-S=failure due to shear after flexural cracking; S=failure due to shear
= P Analysis —— Test (4GF5)
(a) AGF5 (b) 4GF7
300r = PDAnalysis —— Test (4GF10) s50r — P-DAsalysis —— Test (4GF15)
_ ACI-318
_______ . - S
2m \ \\\~
2 TN e oo GBS0 AN N e Ohno
& -4 ’j YR TTTT e Priestley -~ Pricstley
100} } New RC / New RC
{ |
i F i
0 —— . d 0 ; + . . g
0 10 20 30 40 50 0 5 10 15 20 25 30
& (mm) & (mm)
(¢c) 4GF10 (d) 4GF15
asop — PDAndysis —— Test 4GF20)
___________ Zutty
200 = -=====-===3 -
e S ACI318
glm r ............ e~ mmmmemmmm e o
&l S Briestiey
100 F sy New RC
50 f F
0 L i n 1 Y J
[(] 5 10 15 20 25 30
& (mm)
(e) 4GF20
Fig. 12 Prediction of failure mode
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