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Effect of Aggregate Size on the Shear Capacity
of Lightweight Concrete Continuous Beams

Keun-Hyeok Yang"* and Ju-Hyun Mun"
"Dept. of Architectural Engineering, Mokpo National University, Jeonnam 534-729, Korea

ABSTRACT Twenty-four beam specimens were tested to examine the effect of the maximum aggregate size on the shear behav-
ior of lightweight concrete continuous beams. The maximum aggregate size varied from 4 mm to 19 mm and shear span-to-depth
ratio was 2.5 and 0.6 in each all-lightweight, sand-lightweight and normal weight concrete groups. The ratio of the normalized shear
capacity of lightweight concrete beams to that of the company normal weight concrete beams was also compared with the mod-
ification factor specified in ACI 318-05 for lightweight concrete. The microphotograph showed that some unsplitted aggregates
were observed in the failure planes of lightweight concrete beams, which contributed to the enhancement of the shear capacity of
lightweight concrete beams. As a result, the normalized shear capacity of lightweight concrete continuous beams increased with
the increase of the maximum aggregate size, though the increasing rate was lower than that of normal weight concrete continuous
beams. The modification factor specified in ACI 318-05 was generally unconservative in the continuous lightweight concrete
beams, showing an increase of the unconservatism with the increase of the maximum aggregate size. In addition, the conservatism
of the shear provisions of ACI 318-05 was lower in lightweight concrete beams than in normal weight concrete beams.

Keywords : lightweight concrete, continuous beams, shear capacity, aggregate size, modification factor
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AZo] e JA "k 53] A& e 1ol A WE AT B3 A E FRAA7]EAA Zﬂ/ﬂat 73
T W AN we BHES Hddgo] &) FETAYES ZaE A=Y 4TS vgste 74
g 22 Ho| Hg 2AYE AEF Y Mgy ol A7 A Aash vlaE A
Aag Fodgo]l AFHL Ak SR FAPE AL
E ok o] AdA el tigt 71ee g Hrie & 2.4 8l
FAA RE FE QR ta glom Y 53] e
H AAE 93 2EZEo| Rde AFTATEE AL 2.1 AEA &AM
&3 A-gollM el ot TP obF o] FoixA] kst
AEFETAES] S FHow Qs FF 2 ARA S AAHGFE Table 10 vepdube}l 3ho] M7, &
S7HE AT o AFEARE B thg AdEA 7] AHE FF{F B =A M%Z]ﬁolﬂ} A7 28 (ald)y=
0] PHAE WhEAl g1 9Tt T AWtE ol 2121 o WMo = 258 0.65 A sttt
o] Ao AL ZA HHAo] AFTAYE At ZAYE FHe ARFEAE, RAATFEAYES} B
B g Zdene] AeAF nAe 9Fe HrhetaL A TTETAYUER EFeINCOH, 72t FAYEANA A
FELAYE Ho| AddAo] tg FAYEFREAE H A7 (d,)°] 4, 8, 13 2 19mmZ WH3tATh ZA|
o) obdd e ket itk o1 Sls) 2470l A BiHAol 4mme] TAEE FLIAY) fE mawE
Table 1 Details of beam specimens and summary of test results
Speci- ald Type of d, Jek Jip P, Ver P, V, Ve B Viact (Vn)Exp
men concrete| (mm) | (MPa) | (MPa) (kN) (kN) (kN) (kN) (kN) (kN) v, il
2.5A4 4 31.2 2.54 1934 55.8 204.6 57.0 46.5 0.557 51.2 1.11
2.5A8 All' 8 36.2 3.01 252.4 82.8 3299 | 101.3 62.0 0.614 55.3 1.83
2.5A13 Vl:egl};tht 13 31.8 2.73 309.1 91.4 353.8 | 108.8 68.1 0.615 51.8 2.10
2.5A19 19 37.4 2.92 255.0 85.2 363.8 | 112.8 70.2 0.620 56.1 2.01
2.554 4 34.8 3.35 258.3 82.5 278.4 83.4 55.8 0.599 614 1.36
2.5S8 55 iag%(ti 8 36.1 3.15 339.9 104 3948 | 119.6 78.6 0.606 62.5 1.91
2.5813 weight 13 36.0 3.20 285.2 97.9 424.1 | 1255 87.1 0.592 62.4 2.01
2.5819 19 33.0 2.98 308.1 94.4 407.0 | 1243 79.7 0.611 59.7 2.08
2.5N4 4 29.9 3.10 239.3 72.6 258.2 77.7 53.8 0.602 66.9 1.16
2.5N8 Normal 8 29.5 3.18 302.0 95.1 363.5 | 1142 70.2 0.628 66.5 1.72
2.5N13 weight 13 27.4 3.09 291.7 94.2 4289 | 135.1 80.3 0.630 64.1 2.11
2.5N19 19 30.9 3.21 297.0 95.6 462.7 | 146.9 85.9 0.635 68.1 2.16
0.6A4 4 31.2 2.54 594.7 | 161.7 | 8473 | 2153 | 208.3 | 0.508 | 2214 0.97
0.6A8 lgﬂt 8 29.0 2.53 657.0 | 185.3 | 987.6 | 254.6 | 239.2 | 0.516 | 205.8 1.24
0.6A13 weight 13 31.8 2.73 729.6 | 2104 | 12274 | 331.8 | 281.9 | 0.541 | 225.7 1.47
0.6A19 19 31.4 2.62 712.4 205 1190.3 | 338.1 | 257.1 | 0.568 | 222.8 1.52
0.654 4 34.8 3.35 712.5 | 2029 | 1011.5 | 2574 | 2484 | 0.509 | 279.9 0.92
0.6S8 0.6 izlf 8 29.9 2.84 716.2 202 1209.4 | 315.6 | 289.1 | 0.522 | 240.5 1.31
0.6S13 weight 13 34.0 3.10 759.4 | 2157 | 1267.1 | 3543 | 279.3 | 0.559 | 273.5 1.30
0.6S19 19 35.0 2.98 759.8 | 222.5 | 1367.8 | 372.0 | 3119 | 0.544 | 281.5 1.32
0.6N4 4 25.8 2.89 651.3 | 1825 | 9293 | 236.7 | 227.9 | 0.509 | 244.1 0.97
0.6N8 Normal 8 29.6 3.18 7903 | 229.8 | 1277.0 | 365.2 | 273.3 | 0.572 | 280.1 1.30
0.6N13 weight 13 27.4 3.09 805.0 | 234.9 | 1466.6 | 421.8 | 311.5 | 0.575 | 259.3 1.63
0.6N19 19 33.2 3.61 840.8 240 1643.4 | 489.2 | 332.5 | 0.595 | 3142 1.56

Note) a / d = shear span-to-effective depth ratio, d, = maximum aggregate size, f.; = concrete compressive strength, f;,, = splitting tensile
strength of concrete, P, = the first inclined cracking load within the interior shear span, V,,. = the first inclined cracking shear strength,

= load capacity, V,, = shear capacity within the interior shear span at peak load, (¥, = shear force within the exterior shear span at
peak load, S, = ratio of the intermediate support reaction to the total applied peak load, and (V,) 4c; = shear capacity predicted from ACI
318-05 provisions.
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Table 2 Physical properties of aggrengates used

A AGAZNEIE, T HA B4 A AR FEFEIE Maximum|Unit volume Specific Water
E(all-lightweight concrete), S+ X274 @32 E(sand- Type size weigh}t eravity absorption| Fineness
lightweight concrete), 12]3 N& HEFFIAE (mm) | (kg/m) )
(normal weight c?ncrete);g} A WA A= 4 233 Expanded 19 709 1.04 20 6.68
E RS 24 ANAAS e o1F Sof 2548 ay |3 | 62 | 102 | B | 62
& Azt 25013 24 AH7o] 8 mmel 17 granule 27 | 107 ) ] 5SS
gz ES on i, 4 832 1.65 28 243
2E 49A wre] Z3 ARZo] @ fadel: Fig 19 | 1325 | 2062 | 098 | 568
19] UFERuFe} 7o) Z+zF 200 mm, 400 mm 2 360 mm Andesite 1 1302 2.61 1.02 5.90
olty. AR 7he AWAZH 7} 259 069 A 7hzt 1353 | 262 | L1 | 59
900 mm®} 216 mmo|t}. 4 - st FHIZOEA FEF 4 1637 2.51 1.58 2.32
=7} 508 MPa?l 19mm 2 7e] o|FHZo] 7+7t 324
HiZE A wEbtd BE B APA Y A sy FEZ e Zhe SHofEate] Aol ERA] FHE mjIIyg
H= 00160t} 7 - ol FEZE5S HAs gHs] Wie o Fxolth A oAt dEAEA <t
At B ooFeko] AXE 160 x 100 x 10 mm 7 2k Aol A3 2E o8-St
SHEHJT. AGH 2 wZekA] gt TAYES] B SHzol AAEAEE 242 150 mm
o} 30 MPaclth. AREZA FR/ 2 A7l wat AuA
222 54 HoZHE AXYE MFEE Table 39 HeERATE =
HEHIE A7) °I 8l 7t 2 R4 253
Table 20= ©] ATolA AMEH ZAES] &84 & A7 FAHAT B3 B FEAEA e R E
s e 3 A dFEAe AFHES ol &5t £ A7) SlEl *‘317}%01 10% H7F= At vt
Al 2477 AN A3 AFEAY WF FrEE =
Bp2 Sym A7 A iéﬂ’é}ﬁiﬁ}. ZAYEE YrES o83t
| B—- — &4 gAstgt 2AYE 4EPES FPAPPEE
4D10 Longitudinal top reinforcement 150 x 300 mm AHEE o]-&3sld A3t B AHA
g Endplae | o §A0) 2T TALUE YHYES} FYARYEE
4-D19| | » Longitudinal bottom reinforcement Table 1°] L]-E]-LHOiE]— TANE G54E FES O
200, [15F z ® SHAPIE (S, )0 BEUE A%, B
o £ E Lﬂaz‘;oﬂﬁ ztzt 0.47, 0.53 2 0.59
Fig. 1 Details of beam geometry and arrangement of reinforcement 24 73—%_:‘__,—2?4 E7} REZTFI I H|F Wbt}
Table 3 Details of mix proportions of concrete
Type d, Unit weight’ (kg/m’ R
of cglll)crete (mrc;l) wiB §/4 Y% C gsF rer F G (‘;:)
4 0.40 - 139 348 - 1043.2 - 0.7
All- 8 0.36 0.40 222 548 60.9 320.3 438.9 0.2
lightweight 13 0.35 0.40 212 545 60.5 326.8 447.8 0.5
19 0.30 0.40 173 518 57.5 326.4 4473 -
4 0.52 - 260 495 - 1486* - -
Sand- 8 0.35 0.40 198 569 - 634* 473.7 0.2
lightweight 13 0.36 0.40 203 556 - 633* 473.2 0.2
19 0.33 0.40 171 525 - 625%* 466.9 -
4 0.50 - 250 502 - 1505%* - -
Normal- 8 0.65 0.40 201 309 - 715% 1097* 0.2
weight 13 0.63 0.40 193 309 - 723%* 1110% 0.1
19 0.60 0.40 186 309 - 731* 1122* 0.1

* Indicates natural normal weight aggregates

# W, C, SF, F, and G refer to water, ordinary portland cement, silica fume, fine aggregate, and coarse aggregate, respectively.
Note) W/ B = water-to-binder ratio by weight, S/4 =fine aggregate-to-total aggregate ratio by volume, and Ry, =ratio of super-

plasticizer to binder by weight
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(a) All-lightweight mortar with d, = 4 mm

(e) Normal weight concrete with d_ =19 mm

Fig. 4 Representative photograps for failure planes of beams
with a/d =2.5
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Fig. 5 Total load versus mid-span deflection
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