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ABSTRACT This study experimentally analyzed the impact of shear reinforcement ratio and positive/negative bending moments
on the shear strength of precast (PC) and cast-in-place (CIP) concrete composite beams. The shear performance of composite beams
with separate casting was evaluated using eight specimens with identical reinforcement layouts: four monolithically cast, and four
separately cast. All specimens were designed to induce vertical shear failure by having high longitudinal reinforcement ratios and
high horizontal shear strengths. The experiments were conducted using 4-point loading to assess the effect of the shear reinforcement
ratio on the vertical shear strength of the PC and CIP concrete composite beams. The results showed that among the separately cast
specimens, the specimen under negative moment with lower transverse reinforcement ratio had higher shear strength compared to the
specimen under positive moment. The moment direction influenced the shear deformation and crack patterns. Additionally, the
experimental results were compared with current design codes to evaluate shear performance.
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Table 1 Dimensions and material properties of specimens

. y V. v, v,
Specimen (mbm) (mhm) o/d (1{2’6153) (ﬁﬁg) (mm) W | oy | gy | el Ve | Vil Ve
400-SP oo |518:63 | 35972 | 22288 | 233 1.61
400-SN 40 9 518.63 | 359.72 | 222.88 | 233 1.61
200-SP Jo0 | 51863 | 40894 | 30491 1.7 1.34
200-SN 518.63 | 408.94 | 304.91 1.7 1.34

————"— 300 | 650 | 2.78
400-24 4 | L | 51863 [ 35972 | 2288 | 233 161
400-40 40 602.53 | 359.72 | 263.86 | 228 1.36
200-24 ) 24 518.63 | 408.94 | 304.91 1.7 1.34
200-40 20 | * o053 | 40894 | 34589 | 174 118

Notes: a/d: shear span ratio; f,,: concrete compressive strength; 1, yield stress of longitudinal rebar; f,,: yield stress of shear
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Fig. 1 Specimen detail (unit: mm)

Table 2 Rebar tensile test result

horlzontal shear strength;

v,

mn*

: shear force according to flexural

[ |PC,40 MPa Y7/ CIP, 24 MPa
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| 4HDIO@200 | 1200 | 4-HD10@200 | 700 |
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Table 3 Mixing proportions of concrete

. . S aver fr | W/B| S/a Unit weight (kg/m’)
Rebar Specification saver €, k
b (MPa) ' MPa)| (%) | &) [ W [ B[S |G| A]sp
D10 SD400 459.89 0.0023 24 | 4841479 | 165|290 | 863 | 938 | 51 | 2.7
D25 SD500 589.76 0.0029 40 | 30.1|42.8 | 164 | 463 | 693 | 927 | 82 | 4.4

Notes: f,: yielding stress; ¢, yield strain
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Notes: f,,: concrete compressive strength; W/B: water binder
ratio; S/a: fine aggregate ratio; W: water; C: cement; S: fine
aggregate; G: coarse aggregate; A: admixture; SP: chemical
admixture
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Table 4 Mechenical properties of concrete

Nominal 1 E,

strength (MPa) (MPa)
24 29.41 27369.82
40 32.39 28147.62

Notes: £, : compressive strength of concrete; Z,: elastic modulus
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Table 5 Test results of specimens

Specimen I(/TILS)Q (Ilfli;; View! (V, % 2)
400-SP 445.75 665.92 1.49
400-SN 445.75 918.23 2.06
200-SP 609.81 997.7 1.64
200-SN 609.81 1,122.14 1.84
400-24 445.75 705.86 1.58
400-40 527.72 774.56 1.47
200-24 609.81 975.85 1.6
200-40 691.78 1,006.56 1.46

Notes: V,: calculated shear strength; V,,,: shear strength
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Table 6 Shear strength contribution

Specimen Zz{\“];‘ gz{\?;‘ I(/‘li;]/f
400-SP 180.97 151.99 332.96
400-SN 379.52 79.6 459.12
200-SP 162.52 336.33 498.85
200-SN 216.02 345.05 561.07
400-24 204.63 148.3 352.93
400-40 285.93 101.35 387.28
200-24 230.99 256.94 487.93
200-40 182.65 320.63 503.28

Notes: V,.,: concrete shear strength; V., reinforcemenet

shear strength; V,,,,: maximum shear strength

u
T
I
[H

AFA?1 400-SPLF LAEHE AFA|?1 400-24, 400-40E Tt 2
P E 7|ojEo] ZA|ol= Hl&o| T A Yehs RS gl
4= Qltt. o= mH e oA Aget Azt Zo] LEHFER Q1
o Hekgztol ARG o] ZAE|A] ghot Hekdto] 285t
ZZ A5k bl 710fskA] GA| HaL FF2|E 7]ojEoe] A7
Ao 2 wtErh LU ES gh= B O] 38| E Hr7|offo]
Zof ulet eFd W] wE £3E Ar|ojR S t24 &
|oloF & 87} S Ao E Abw Hr}

200-409] T ufjelS AwEH 200-24 AFAHCE Ackd
& AW h= ARG o] T wo] At A& 21 & 4= 9L
t}. o] 2 QI3 HMhEL9] 7]ojEo] o A YeRd Ao wt
1=

4. Z

rhu

£ QoAM= ZePAE ETESF dXEHd 23 E T
JHO| Atdo] thgt £4% il AF Ao R Bk A
HATo] st 222 oh33 Ek

1) AE vl 73 BHE jlefo]| wlet 1ty /o] o

Y o] G AT ARIGHE Y] S-S FHo e
o, 53] 400-SN AAle FRHER ) +BYF
P£9| o] ] Tt AET 7140] 200 mm
2 idE AEAIES FEY Zo| T FUsH 2xH
e S Hof AhE 7Ho] Folglof uat g E o] I
A/dE gHst= bl 71099k ERIg 4= ST
2) A A3}, AEE 1Mo FobdaE Al At
7330] S71ok= A otk AeETo] 200 mm=E
v Aol A= E2ebd H 200-SNo| 7P 2 2
s UERoH, o= Mdkado] AoM S3& |
o2 Agote] AHHFE Ag Atz wkdt
", Aok o] 400 mmE HiZE AFA F 400-SN
A= RRAER Qls| Fo| & FEFFo] Y5t
£ AgA o H]s AhHF o] B AJ-o] Yeht 27
73/do] WolR|= A3k Bt

3) ARHET} Z-251= 400-SP AP A= 2F8-51% 409 kN

7] DA e e AAA 9} FARE AS S BRlou, R i
HEZ} 2R85= 400-SN A A= Ao 717t
o ] Yepth 134y ok Sl W e =]
7t = FRAETL 285l APA A o 22 A
O & e

4) 200-SP2}200-SN AE A= 400-SPLF 400-SNE T ¥
Eo| #dotA BEE o, o]= Hekdto] AHoA
S8E ayk¥ o2 HIsh A3E wohEr) 400-SPETH
00-SN AAI7} 2 E 7|oj&o] o A Uehge
, Ol FETFER Qo) Mehao] 285152 A A5}

$otal F3EE 7]offo] A% Ao = wtErh

B

|0

[¢]

DA

2IFHAE 232|E 0| M=ol T AEX S+ | 443



ALl =

o] AL 20249 % AR &HHEAIR) A7H] A
< ol £ Aol ofgt Ao YRYJYrh (No. NRF-
2022R1A2C3008940, RS-2023-00207763)

References

KATS (2017) Test Pieces for Tensile Test for Metallic Materials
(KS B 0801). Seoul, Korea: Korea Agency for Technology
and Standards (KATS), Korea Standard Association (KSA).
(In Korean)

KATS (2018) Method of Tensile Test for Metallic Materials (KS
B 0802). Seoul, Korea: Korea Agency for Technology and
Standards (KATS), Korea Standard Association (KSA). (In
Korean)

KATS (2019) Standard Test Method for Making and Curing
Concrete Specimens (KS F 2403). Seoul, Korea: Korea Agency
for Technology and Standards (KATS), Korea Standard
Association (KSA). (In Korean)

KATS (2022) Standard Test Method for Compressive Strength
of Concrete (KS F 2405). Seoul, Korea: Korea Agency for
Technology and Standards (KATS), Korea Standard Association
(KSA). (In Korean)

KCI (2021) Shear and Torsion (KDS 14 20 22). Sejong, Korea:
Ministry of Land, Infrastructure and Transport (MOLIT),
Korea Concrete Institute (KCI). 30. (In Korean)

Kim, C. G., Park, H. G., Hong, G. H., and Kang, S. M. (2013)
Shear Strength of Hybrid Beams Combining Precast Concrete
and Cast-in-Place Concrete. Journal of the Korea Concrete
Institute 25(2), 175-185. (In Korean)

Kim, C. G., Park, H. G., Hong, G. H., and Kang, S. M. (2014)
Shear Strength of PC-CIP Composite Beams with Shear
Reinforcement. Journal of the Korea Concrete Institute 26(2),
189-199. (In Korean)

Rueda-Garcia, L., Bonet Senach, J. L., Miguel Sosa, P. F., and
Fernandez Prada, M. A. (2021) Analysis of the Shear Strength
Mechanism of Slender Precast Concrete Beams with Cast-in-
Place Slab and Web Reinforcement. Journal of the Engineering
Structure 246, 113043.

2 o B Avolit ZALE(PC) U AFHACIP) TAE PR AETH} YRAE D Rodest AuEe] )X
£ 958 NEdom By Rt € el AT 458 9] A SUT A2 AR A sl HEAE 480

fow, 1% 4t GAREEL it ReEaset. BE UAL O $UF Baslc ke $9 MY YES LS 47
o 5% Ag 43S §Eaigch AFS PCS} CIP 2AE RO Arkaau)s} 2x Aet o o] 1% Fe Ao ¢

o 44 55 A9S B ST} Y Ash BelAE AHA Sl BHUES 485 AT B e 4wt 32

E7} 483 APAR o £ A% FEE Hoth BHE W

s7] ) AW 2TE A A 7|23 vlasisc,

HHEOf : DePHAE 2I2E, T, YIRUE, BRHE

444 | st=232|E8t3| =2% M36H Mb= (2024)

=
A g 3 o2 wido] dF= v B, £

L




