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A Study on Shear Behavior of High Strength Reinforced Concrete Beams
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Abstract

In the years, the concern about high-strength concrete which is new material has been
heightened as a result of active research and development. Recently, as the building structure
has been being bigger, higher, longer and more specialized, the demand of material with high-
strength concrete for building has been increasing. The demand of high-strength concrete is
expected to increase with expansion of usage about the complex concrete structures such as
bridge structure as well as nuclear plants, underground structures, hydraulic structures and
arctic area structures.

In this research, silica-fume was used as an admixture in order to get a high-strength con-
crete. Water/binder ratio was limited no more than 18 percent and the amount of unit cement
was increased. In this study, a number of trial in concrete mix was carried out to get optimal
mix design, and the target slump with 10+ 2cm was set for in-situ construction. High-strength
concrete with cylinder strength of 1,200kgf/cm?in the 28-days was produced and tested.

The static test was carried out to measure the ultimate load, the initial load of flexural and
diagonal cracking, crack patterns, fracture modes. The load versus strain and load versus de-
flection relations were obtained from the static test. The test results were compared with the
shear strengths predicted by the equations of ACI code 318-89 and orther researchers. Based
on the test results, shear strength equation of reinforced concrete beam using high strength
concrete was proposed. From an evaluation of the results of this experimental investigation, it
was concluluded that shear strength after diagonal tention cracking diminished with the in-

crease in compressive strength for beams
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Table 1. Chemical compositions of cement used

Ig. | In.
Si0, | Al;O5Fe 05 CaO | MgO | SOy

Loss | Res
20.93| 5.29 | 3.01 | 62.3 | 3.70 | 2.33 | 1.41 | 1.03

Table 2. Physical properties of cement used

Specific Fineness Setting time(h : min) Compressive strength(kgf/cm?)
gravity (Blaine cm?/g) Initial Final 3 days 7 days 28 days
3.14 3,321 03:20 05:35 197 288 366
L& XY I, FEAE AR GAA] FAkgA A
2 g4 AHE FEA= T 34904 A WA 57F 19mm, 25mm<e A& ARt

A9 Amded HEe 262, ZUEL 2759

FA o] 23 54L Table 3 2 49} gt}
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Table 3. Physical properties of fine aggregate used

N Specific Absorption | Unit weight Passing percentage FM
gravity ratio(%) (kgf/m?) 10mm | No. 4 | No. 8 [No. 16 [No. 30 [No. 50 [No. 100] PAN )
2.62 0.99 1,520 100 | 100 91 67.6 3.9 | 18.7 4.0 0.0 | 2.75

Table 4. Physical properties of crushed coarse aggregate used

Max. Specific | Absorption | Unit weight Passing perc?ntage FM
size(mm) gravity ratio( %) (kgf/m® |40mm|25mm|19mm 13mm|10mm|No. 4 |No. 8| ~~

19 2.6 0.86 1,611 100 | 100 | 94.9 | 94.9 | 41.7 | 38 | 1.1 | 6.59

25 2.6 0.86 1,611 100 | 99.3 | 99.3 | 469 | 469 | 1.7 | 0.2 | 6.52
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Table 5. Chemical composition and physical properties of silica fume

Si0, | ALLO; | FeO; | Cal ngO SO, } K,0 |Ig.Loss | Total |Specific gravity|Surface area(cm?/g)
90.0 | 15 | 30 | 20 | 06 | 05 | 05 | 19 [ 100 2.2 200,600

Table 6. Property of water reducing admix- 2f. i EHdA|
B tures IR FIAYE AZE 39 AT S F
Spec%fic | Type C0101j pH Comp- | Brand 3 HHuR g d2lem, s RTAd W7
gravity onent Fe Tzl 10+2emrl GRS 2Wsol
121 | Liqua | D2 | g |Napht-Powercon-— 0 0 ey olo) e wj@aAANE Table 7
brown alene 100 5 o

Table 7. Mix proportion of concrete

Max. W/(C Replacement| Mix proportions(kgf/m?)
Conerete size Shump +SF) S/a proportion
types (mm) (cm) %) (%) of SF(%) W|C|SF| S |G |SP
Normal concrete(N) 25 [10+2| 49.7 | 433 - 165332 — {790 (1034 —
High strength concrete(H) 19 (102 27 35 10 160|533 59.2| 610 {1133{1.0%
Ultra high strength concrete(UH) 19 110x2) 18 35 15 16017501(132.3| 512 | 949 2.0%

SF : Silica fume, SP : Superplasticizers
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Fig. 1. Shape of static test beams and loading arrangement (unit : em

Table 8. Details of test specimen

, Steel |Stirrup| SPear

Series | beam fre ratio |spacing span
- (kgf/CmZ)( %) (cm) ratio
OW, 76 cm (a / d)

NIS1 320 153 [Without| 1.5

NIS2 " ” 10 1.5

N- NIIS3 ” »  [Without] 2.8
series | NIIS4 " " 10 2.8
NIIS5 " #»  [Without| 3.6

NIIS6 " " 10 3.6

HIS1 790 »  [Without| 1.5

HIS2 " " 10 1.5

H- HIS3 n »  |Without; 2.8
series | HIIS4 n " 10 2.8
HIIS5 " »  |Without| 3.6

HIIS6 " n 10 3.6

UHIS1| 1,158 3.05 |Without| 1.5
UHIS2 " ” 10 1.5

UH- [UHIS3 ” »  [Without| 2.8
series | UHIIS4 n " 10 2.8
UHIIS5 " » 'Withouty 3.6
UHINS6 " ” 10 3.6

N : Normal strength concrete

H : High strength concrete

UH : Ultra high strength concrete

1, O, I : Shear span ratio(a/d=1.5, 2.8, 3.6)
S1, S2, S3-++) : Beam number
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Table 9. Results of static test

ACI(11-3)|ACI(11-6)] Test Comparision ]
. Pfc Per Pu Failure
Series | beam () () () Ver Ver Ver Verpey Vet mode

(kgf/cm?) | (kgf/cm?) | (kgf/cm?)| Verag | Vg
N- NIS1 3.99 | 10.61 | 19.29 9.48 10.79 14.14 1.31 1.18 Shear
series NIS3 | 2.30 8.28 | 11.13 " 9.96 11.04 1.10 1.14 Shear
SMmS5 | 1.96 7.23 9.57 " 9.75 9.64 0.98 1.06 Shear
He HIS1 5.99 | 12.44 | 35.39 14.89 15.93 16.58 1.04 1.61 Shear
series HIOS3 | 3.38 | 10.16 | 12.79 " 15.10 13.54 0.90 0.97 Shear
HIOS5 | 2.21 9.80 | 11.91 " 14.89 13.06 0.88 0.98 Shear
UH- UHIS1 | 3.79 13.01 30.17 18.03 20.70 18.85 0.91 1.04 Shear
series UHIOS3 | 3.08 | 12.70 | 13.77 " 19.03 18.40 0.97 0.80 Shear
UHMmS5 | 2.05 | 12.80 | 15.91 » 18.61 18.55 0.99 1.0 Shear
Pfc : The load at initial flexure cracking Ver : Shear stress at inclined cracking

Per
Pu

The load at inclined cracking
. Ultimate load at failure

2. SIE 0 MEEA

B AR AM e sE5A Wz JHEsdn
Hol e R F o] AX & tho]EA o
A9} LVDTY]| 9laflA STAAZEE XA
dolE7t Atgoz HFE AP dF-A
AFAE 7. B HPL zrldle 3%
o wHsA vmy FXHoz WHIFE & F
AU EFol FrtstHA AMBA Fde] W
A, i ARIGFIe] HA s He A
< Z2AA M Po] FrNY E£F g3 A A

Vu . Shear stress at ultimate

BANE sFo] F718 o HPo] FH3] F7}
o E AFe ol 7ELA oA HFPL
slFo] 715 uel d¥FH ez Frlsgs #
do] B o]Fdl= THYEY FYHFe=R
A B ZaE A W Hagge] <3l
Hol vjdg g o F/1EE & 5 AUk

Fig. 2~Fig. 4914 RBE ule} go] AHdA
AR RE He 27 AR V&V Ada
Ad(a/d)2 Zzt t2A Jest. AQAed
o] W3] Adlg K AFL AFHoln
o] AL Bol Aol wat W3l ). G



n7E 32

3 E B daAF #F A

350

30.0
25.0
Qvu =1.5)
o 200 P
=1
g T
S 1o (2d=28)

10.0 4

5.0 4

o'o hd T T T T T — v

0 200 400 600 800 4000 1200 1400
Deflection(x10 % mm)

Fig. 2. Load-deflection curves of N-series beams
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Fig. 3. Load-deflection curves of H-series beams
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