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ABSTRACT Twelve beams made of lightweight high-strength concrete were tested to determine their diagonal cracking

and ultimate shear capacities. A total of 12 beams without(4 beams) and with lightweight(8 beams) were tested in

a stiff

testing facility, and complete load-midspan deflection curves, including the maximum capacities portion, were obtained. The
variables in the test program were concrete strength, which varied 354 MPa, 65.3 MPa; shear span-depth ratios a/d=1.5,
2.5, 3.5, 4.5; and tensile steel ratio between 0.57 and 2.3 percent. Also, we divided beam by diagonal tension crack and
ultimate shearing strength to propose an equation. In addition, it analyzed comparison mutually applying existing proposal
and guide. ¥, was as result that ATIK recommendations and Zsutty proposal decrease more than a/d=2.5, increased some
in Mathey’s proposal equation. V,../Ve.c showed tendency of overestimation according to increase of tensile steel ratio
and compressive strength of concrete. On the other hand, V,,.,/Veca is superior in conformability with an experiment
result Zsutty’s proposal among other equations. The proposal equation knew that expect V,/V, rationally about shearing

strength. Therefore, shear strength an equation is considered to be utilized usefully evaluating capacity by change

of the

shear span depth ratio of lightweight concrete, tensile steel ratio, and compressive strength of the concrete in this research.

Keywords lightweight concrete, shear span depth ratio, shear strength, tensile steel ratio
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Table 1 Specimen list

Section | Shear Tensile steel Concrete
Name (mm) spa%n 0.J0% Length
b | g ratio o Size y (mm)
(a/d) | ™" i

LISB 15 | 1.0 | 3-DI3 |0.385 1650
L25B! 25 | 1.0 | 3-D13 |0.385 2150
'L35B| 35 | 1.0 | 3-DI13 |0.385 2650
L45B| 45 [ 1.0 3-D13 [0385| 354 | 3150
125A] 2.5 [0.57] 3-D10 [0.277] (MPa) [ 2150
L25B] 2.5 | 1.0 | 3-D13 [0.385 2150
" 1150(300

L25C 2.5 |1.59] 3-D16 |0.525 2150
L25D)| 25 | 23| 3-D19 [0.718 2150
HI5B] 1.5 | 1.0 | 3-D13 [0.367 1650
‘H25B] 25 | 1.0 3-D13 [0367| 653 | 2150
'H35B] 35 | 1.0 | 3-DI3 |0.367] (MPa) | 2650
‘H45B] 45 | 1.0 3-D13 0367 3150

Notes) L15B [L (lightweight), H (high-strength concrete)],
[15 (shear span ratio): 15 (1.5), 25 (2.5), 35 (3.5), 45 (4.5)],
[A (tensile steel ratio) : A (0.57%), B (1.0%), C (1.59%), D (2.3%)}
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Fig. 1 Details of the specimen (unit: mm)
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Fig. 2 Test setup

Table 2 Tensile test results of steel

£, (MPa) | fou (MPa) | f;/fix | E (MP2) |elo (%)
DIO| 390.8 541.6 0722 | 177282 | 20.1
DI3| 4197 591.1 0710 | 176,988 | 206
DI6| 406.1 578.0 0.703 | 180,810 | 19.8
DI9O| 4223 593.9 0711 | 178,556 | 198

Table 3 Mix proportion & test results of concrete

Unit weight (N/m3) JA E f,
C {Ag| Sa| G | W | A |(MPa)|(MPa)(MPa)
L|130]4,704|519(7,232{6,085|1,568| 41.7 | 35.4 [38,220] 5.7
H)| 15014,704151916,840{9,212 1,568} 52.2 | 65.3 |39,200| 7.6

Note) C: Cement, Ag: Agent, Sa: Sand, Sl: Slump (mm),
G: Gravel, W: Water, A: Admixture, L: Lightweight,
H: High-strength concrete, f.: Compressive strength,
E: Modulus of elasticity, f: Bending strength
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Table 4 Test results of high-strength lightweight concrete beam

Q1A ZH](p,,)o

A7l #Ael stF 27]=
o] ul-/tg—;g],odom] &glﬂal-/lg

£ 4gA9 HRge B2u

= FYRIA

A71e] g st

oA Had
< HIHrh

242 o A Byt 2 & 83 F7)d)

net 3 @de] g FEglon, XE
3% o1F
?l A Fd= Hi& LUtk

Fig. 394 &
B, H25B¢] JM*M}%
Eob fARE ¢ AdE 2

AGA7} g

75_11;_}-&@0] L]—E]—L}- o]_,_ %J,]‘ 1"/_}0] E.‘%]—X—]

= &

=

FYEM)ESY HI5
AT A ZAYE (LAER)
%01, H35B,

H45B 49

A stE 2719 #9 9FAbo] HISB, H25B A3 A 2} ul
ANAE 35 270 AAA £Y FIAYE FHR

A H2gel W B3l Fvl weh HFRo)
AYA BY YRR BNEE 4TS BATh FEs
AujEe 29 AHes dege

F o]Fol= FFYol

Initial crack (bending crack) Diagonal tension crack (shear crack)

Name| Load | Displacement Strain (x10™°) Load | Displacement Strain (x10™°)
(kN) (mm) Stirrup | Tensile steel | Concrete | (kN) (mm) Stirrup | Tensile steel | Concrete
L15B | 30.96 0.86 60 770 820 88.73 3.57 460 2,460 3,030
L25B | 20.96 0.58 77 810 790 78.34 436 660 2,990 3,220
L35B| 18.82 0.62 85 830 760 71.10 4.19 720 3,030 3,350
L45B | 18.57 0.53 95 850 730 62.26 4.17 770 3,120 3,320
L25A | 1841 0.51 90 840 760 60.30 3.59 460 2,660 2,990
L25B | 20.96 0.58 77 810 790 78.34 4.36 660 2,990 3,220
L25C| 24.51 0.76 73 770 820 78.28 3.43 490 2,550 2,730
L25D| 25.72 0.86 70 750 850 91.21 3.76 470 3,110 3,290
H15B| 34.54 1.66 55 889 990 103.93 6.45 413 2,133 2,020
H25B | 28.89 1.52 63 950 810 76.36 422 330 3,220 2,100
H35B| 26.11 1.19 83 990 770 71.48 4.72 880 3,250 3,300
H45B| 19.39 1.11 90 1,030 750 67.53 5.96 890 3,280 3,440
Yield load Ultimate load
Name | Load | Displacement Strain (x10™) Load | Displacement Strain (x10™°)
(kN) (mm) Stirrup | Tensile steel | Concrete | (kN) (mm) Stirrup | Tensile steel | Concrete

L15B | 91.79 3.99 580 2,660 3,210 115.05 17.30 790 3,120 3,720
L25B | 77.53 4.00 610 2,880 3,050 95.21 16.33 830 3,220 3,580
L35B | 70.04 3.80 650 2,820 3,070 90.59 19.12 850 3,320 3,470
L45B | 59.73 3.40 690 2,890 2,990 75.66 18.51 880 3,370 3,390
L25A | 58.93 2.93 630 2,780 3,110 70.33 15.21 770 3,090 3,660
L25B | 77.53 4.00 610 2,880 3,050 95.21 16.33 830 3,220 3,580
L25C | 82.77 4.14 580 2,920 2,960 99.47 17.08 870 3,270 3,440
L25D| 97.40 4.28 560 2,990 2,910 117.42 17.00 920 3,310 3,410
H15B| 111.20 6.97 630 2,880 3,050 |165.79 3227 820 3,220 3,350
H25B | 81.52 5.06 640 2,930 3,220 122.99 28.38 880 3,280 3,550
H35B| 69.96 4.44 622 3,030 3,320 92.92 30.23 930 3,580 3,780
H45B| 65.31 4.78 580 3,090 3,380 82.46 28.35 990 3,660 3,800
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Table 5 Comparisons of test results and calculated capacities

Calculated capacities

Test results

Proposal
equation

Test results / Calculated capacities

Proposal
equation

Vcr, cal
(kN)

Vu, cal
(kN)

Vcr, exp|

(kN)

Vu, exp
(KN)

Vcr, pro
(kN)

Vu, pro
(kN)

Vcr, exp

/ Vcr, cal

u,

Vo esp! V.,

u, cal

|4

cr, exp /

v,

cr, pro

Vu, exp /
Vu, pro

@

)

@

@

®

®

@

®

@I

@2

@IS

&

®/®

®/®

@O

®/©

L15B

31.71

55.33

37.56

55.33

17.94

33.57

88.73

115.0

1104

142.8

2.798

1.604

2.363

2.079

6.410

3.427

0.834

0.805

L25B

31.71

34.34

27.84

36.91

15.48

33.57

78.36

95.25

68.54

88.69

2471

2.282

2.814

2.581

6.152

2.838

1.143

1.074

L35B

31.71

31.02

23.25

33.34

13.99

33.57

71.14

90.61

61.92

80.11

2.244

2.294

3.060

2.718

6.476

2.699

1.149

1.131

L45B

31.71

28.67

20.56

30.83

12.93

27.83

62.25

75.69

57.25

74.06

1.963

2.171

3.027

2.455

5.852

2.719

1.087

1.022

L25A

31.71

28.47

2336

30.60

12.84

33.57

60.27

70.35

56.83

73.51

1.901

2.117

2.580

2.299

5.481

2.096

1.061

0.957

L25B

31.71

34.34

27.84

36.92

15.48

39.19

78.36

95.25

68.54

88.69

2.471

2282

2.814

2.580

6.152

2.431

1.143

1.074

L25C

31.71

40.08

33.98

43.08

18.07

4432

78.26

99.50

80.00

103.5

2.468

1.953

2.303

2310

5.506

2.245

0.979

0.961

L25D

31.71

45.32

41.37

48.72

20.44

41.19

91.20

117.4

90.48

117.2

2.876

2.012

2.204

2.409

5.742

2.850

1.008

1.002

H15B

43.11

67.89

47.32

157.2

22.02

41.19

103.9

165.8

135.5

175.5

2411

1.531

2.197

1.055

7.528

4.025

0.767

0.945

H25B

43.11

42.13

34.11

97.58

19.00

41.19

76.38

123.0

84.11

108.9

1.772

1.813

2.239

1.261

6.474

2.986

0.908

1.130

H35B

43.11

38.05

27.86

88.13

17.16

41.19

71.44

92.88

75.96

98.29

1.657

1.877

2.564

1.054

5412

2.255

0.941

0.945

H45B

43.11

35.20

24.22

81.49

15.87

41.19

67.49

82.51

70.25

90.97

1.565

1.917

2.787

1.012

5.199

2.003

0.961

0.907
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