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ABSTRACT This study experimentally compares the shear strength and size effect of plain concrete (PC) beams and steel
fiber-reinforced concrete (SFRC) beams without shear reinforcement. Beam specimens with heights of 350, 650, and 950 mm were
fabricated, and steel fiber volume ratios were set at 0 % and 1 %. The experimental results indicated that SFRC beams exhibited
higher shear strength compared to PC beams, and the reduction in shear strength due to size increase was relatively lower. This was
attributed to the bridging effect of steel fibers across crack faces, effectively controlling crack propagation. However, current design
standards do not adequately reflect the enhanced shear strength and reduced size effect provided by steel fibers. Therefore, there is a

need for a new shear strength formulation that properly accounts for the size effect in SFRC beams.
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g. 1 Database for steel fiber-reinforced beams without
stirrups specimens

AeliAE F7H0 A7 2 ash Aot

wEkA] B =Hof A= 0] 350 mmOllA] Z|th 950 mmol| ©]
2= A 7] 3719] B AFEAE AR R £ A%
£ 4R AAsko] Aul 328 E(plain conrete, PC)2} SFRC
KOl AHAEE Bl 45131 o]F &9l SFRC X9 =7]
71l W2 271830 A3 F=g HrietarAt sh, U<
o] A AA7|50] Algot= AR E dl&4le] 444 Bt
S}alA} stot. ZH=9] A A|17182 KDS 14 20 22, ACI 318-19,
Eurocode 2(2005)2 Agtstom, AA71E4]9] 4-8-d B7t
of gt 412/ FEE Flof| & AolA 3E A Faket 3t
7| 71& A Aol 39 A s ARSI

AR AtE o] gl Holl thigt J-AA|71%E Table 1°]
sttt Zh=9] 7|52 271 8E A Eok= Bl oA Alo]
5 HQIth KDS 14 20 22+ HT A oA Z7] 3o
et £ AeE AlSotA] gon MdEof gk 271 a9E
MR =t W ACI 318-199} Eurocode 2+ 37183}
£ 1E5l] Yol AGE Edtote] Ho| 7|0 upet AHte
£ 2ok A skl k. ACT 318-199] A% A, =

Table 1 Shear strength equations of three design codes

V2/(140.004d) < 19] 27143} ASE, Eurocode 29 %%
k, =1+ /200/d < 29| 371 a3} A5E 1] Ho) f-az
o|(d)7} Z7Faol weh Y FE o] ofidollA HAEE A
Aol= Ao = 37| a3HE Hroditt

ESHKDS 14 20 229} ACI 318-190]41%= SFRC Hof| il ]
A AT WA 2710 2 K9] £0|E 600 mm ©Jot2 Aglelal
it} o] SFRC7} F A IS A & <= Qltk= A& AlAL
SER|RE A-ATR] B0 2 Q18] 0] 600 mm © V2] thg Ho]
gk A A8 HAE oA okl S-S UrEhdith b
o 2 7|04 9] 4G &9 avE Brish 9 43S vERdch

2.1 Mg e

2 AqtolAs AeEo] gls Kol tis) gyt E39E
(plain conrete, PC)2} SFRCO] AW LS H|WSFHT}E ACI
544.1R-96(2002)°]l =1 - EUEC] 1.5004 2 %5 =
ok Al 2 HEQ] F3 4o T & Akl PAE o] QL
t}. o] Bl&2 A2l FuH](volume fraction)E 2J9|5tH
ol 27| EHYEQ E9a} viA] 1o AdHo s d%
28 7Fs 3t 2 A €4S btk %3 Dinh(2009)
9] Ao M= A EUEC] 1.5 %5 2t A A
Lo I7PL A e E At AE ERIFh ERL Parra-
Montesinos(2006), Kwak et al.(2002) & Dinh et al.(2010)<]
QI7to] w2 & Z0]7F 300 mm ©J51] SFRC EoflA] <]
ngt 271 837F YeRA] ei8k2-5 &R1sHIaL Minelli and
Plizzari(2010)2] AA-LollA F-82017F 940~1,440 mm] A|H
5 Gololet 27| aTke] 27 e ghe2 shelshalct
et & Ao = 2 HEE AR TA 4R 0% 2 1
%2t -F-a7°] 275, 575, 875 mm= A5

2.2 A=A M=}

SSFRCE} PC E.9] FaZlolo] w2 A Es Hlust] ¢
sto] AYA|2] 2715 A ¥ Aol w300 %350 % 3,600,
300%650% 5,000, 300 X950 x6,700 mm2] Al 7}A] 2712 A)

Design code Design codes for beams without shear reinforcement Size effect factor
V.=1/6X/f, b,d *simplified
KDS Vd —
14 20 22 =10. ' . .
v, (0 161 +/f, +17.6p A )bwd
ACI _ s 7y N _ 2
318-19 Ve {0'66”\3”\(” VUV g b M= T+ 000ad =
0.18 ,
Eurocode 2 v, :{ N k,(100pf, )1/3+0~15Uq,}bwd k,=1+ % <2

Notes: p,: longitudinal reinforcement ratio; AZ,: factored moment at the section; f.: compressive strength of concrete, d:
effective depth of the member; V: factored shear force at a section; b,: width of the web; N,: axial load; Ag: gross

cross-sectional area of the member; A :
cross-section
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size effect factor; k. size effect coefficient; o :

. compressive stress of the



Concrete strain gauges

Steel strain gauges | S| =

O b5
ﬂ_\LVDT ey
L +#+48

500 a 800 300
L Section A4-A'
XXX PC J—"’ Plain concrete Steel fiber ~

Height, h

Fig. 2 Details of geometry and test setup (unit: mm)

Table 2 Experimental variables

ﬁ
g

—rei |
SFRC [ Steel fiber-reinforced concrete %

Specimen Seh bu v d h Le ¢
P (MPa) (mm) (%) (mm) (mm) (mm) (mm)
350-PC 0
EE— 275 350 2,600 900
350-SFRC 1
650-PC 0
B e— 40 300 575 650 4,000 1,600
650-SFRC 1
950-PC 0
— ] 875 950 5,700 2,450
950-SFRC 1

Notes: f,: characteristic compressive strength; b,

beam width; Vi volume fraction ratio of steel fiber; d: effective

depth; h: beam height; Z: distance between support points; a: shear span

A5191 1L 0] Table 29 A5}t 371‘*‘ A T %
A7gsto] & 6702] Bob ARFE 9 o AR oF
FE-2 5] =0|(h)E Y, REE2 %ﬁv £9] ojFof
wteh PC(V,=0 %2 SFRC(V,=1 %)= UERHIITE QgE2
Fo] ZarelE o] 2oyl o, Az A}a%? FE
£ KSF4009(KATS 2022)°| &JA%t 1§ H& ZEWHE AJHE
E ARE5FY AL B ]S Table 30 YFERH AT SFRCCﬂ] A3t
73d-72] AP Table 40 et B3 ST EQ] A=
AlRS Q18 SFRC2F PCE KS F 2403(KATS 2019)0] T2 @
100x200 mm] Y53 FAIA|L} ASTM C 1609(2007)°1] =
100x100x400 mme] F1ZAYE B Fe ] FAIAE A%t
sto] AgAel FUSH 2ANA GRS

=g

2.3 721 o S3A s

AT E v B71sh7] 915t Fig. 29 2o] 45 7H A
A2 S5 71 A2 B FYollA FE2E 400 mm
Q1 AF o= A5l om, AR ARA FAolA 500 mm
FolA g o2 AT 2,000 kN 3% THsA 2 A3 7]
AR89 0.004 mm/s

¢

(universal testing machine, UTM)Z

Table 3 Mixture proportions of concrete

Specified | W/C | S/a Unit weight (kg/m®)
strength (MPa)| (%) | (%) | W | C | S | G | Ad
40 30.1 | 42.8 | 164 | 463 | 693 | 927 | 4.4

Notes: W/C: water-cement ratio; S/a: sand-aggregate ratio;
W: water; C: cement; S: sand; G: gravel, Ad: high-range
water-reducing admixture

Table 4 Material properties of steel fiber

. d l Density
! ! 1./d
Fiber type (mm) (mm) f/ ’ (ke/m’)
Hooked-end 0.5 30 60 7,850

Notes: dy: fiber diameter; [ P fiber length

W90l 7}ele Aefsloict. Ee o] B ol
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Table 5 Summary of compressive and flexural test results

Concrete Vi fe fe T max Py fy fi F0 o Fao £y | il o
type (%) (MPa) | (MPa) | (MPa) (kN) (kN) (MPa) | (MPa) | (MPa) | (MPa) (%) (%)
PC 0 40 48.14 3.43 747 7.47 4.57 4.57 — — — —

SFRC 1 36.42 3.74 12.12 11.84 7.42 7.25 6.66 5.38 93 76

Notes: V. fiber volume fraction; f,: characteristic compressive strength; f/: measured compressive strength; f:

splitting tensile strength, P, .

: peak load, P;: first-peak load, f,: flexural strength at

, f;: flexural strength at P,
max 1 g 1

f4,: residual strength at net deflection of £/300, f4,: residual strength at net deflection of Z/150

2.4 M=AE

KS F 24059} KS F 24232 wje} 959 F2E FAA9
oFx W A QA E AFS $885190m KS F 2408 L
ASTM C 1609(2007)°] W} F-E1EZAE B FAIA 9] & =
AEE FoItt BE AIE2 UTMS AREste] 78t
71 A7E Table 59 UrEMP*E}

SFRC ZAIA19] & A== 36.42 MPa® PC FAIA|of| H|5H
o] oF 24 % FAASIA=T o= AAFY 7HaAgo] I EH

s I 71sol ER A d=/gHlolM = 2512 Eojxl 2

QYO AT FF WO R 8 @Yol Wle] YHT
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Fig.

(L/300, P2,

ece o
-
.

-
.

(1150, PPy) —f

Load (kN)

\Average cy

'Average curve for PC

rve for SFRC (V=1 %)

T T
0.5 1 1.5
Deflection (mm)

Fig. 4 Four—point bending test results
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Table 6 Test results of reinforcing steel material strength

7 f 7 €
R b Yy ym u Yy
A MPa) | (MPa) | (MPa) | (mm/mm)
D25 SD500 594.34 730.45 0.00297
Notes: f,: nominal yield stress; f,,: measured yield
stress; f,: tensile stress; ¢,: yield strain
H Ae Alfe FEEARE BE ARteto] st

Fig. 33} o] *A]xﬂyl % 5Pl 30 mm9] A (notch)=
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53 % S7Fstt. ACI 318-19914= 31 2B EZ ARE
571 sl AR £/300(=1 mm), £/150(=2 mm)¥ W] F=7}
A WA 03 X Z0] 90, 75 %S S50 E gokal A
t}. Fig. 42} o] SFRC 222 E B ZAA = Ald 21 9
71%E 2 A7 93, 76 %2 S=31IT)E T3 QAFE L0 714
A B4 8712 Y5lo] KS B 0802(KATS 2018)= w2t 1% 7+
T ARS8t Ak D25 QAT FEY = 594.3 MPa
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Fig. 5 Shear strength and deflection curves of different beam types
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Fig. 6 Shear strength by height: PC vs. SFRC
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Fig. 7 Normalized shear stress—effective depth relationship
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Fig. 8 Crack patterns at failure

Table 7 Crack analysis results

Specimen n dis | s= 7,2391 s/d 0.

(mm) (mm) ®)
350-PC 1 — — — 22.5
350-SFRC 5 498 125 0.45 35.8
650-PC 2 312 312 0.54 38.5
650-SFRC 5 741 185 0.32 27.5
950-PC 2 537 537 0.61 41.4
950-SFRC 4 993 331 0.38 32.1

Notes: 7: number of inclined cracks; Zs: total horizontal
0 : idealized

c

distance; s: average inclined crack spacing;
angle of critical shear crack

3.3 33l MAPD|Eate| Hlw

A 7R9] A 7120l i Z ARA 0] AT E &gt Z+
ARA] A Ayt 8|3 Sk o] AF3e] BleS Akt
5to] Table 80 WFEFH AT, T8 thekst 27404 F& 70l 5
7tol W2 271 83 B4 95l 7|& RS e] e EE
o] Q1= PC AFA 70571, SFRC A A 2587, & 963719] ©)]

o] % Z7l2 ¥)m BAM819 T Fig. 99 FERAQITY
A-2] PC AEAY A9 Al 71HA] AA171% B4 #
Zlo 17} ZS71etel wet ok e Agke] vl&o] gt A
S E0I59ith. £3] KDS 14 20 22+ 7| a71= vhdsiA] &
o} A 7§Q] AA71E & 7 2 Zo 2 74ATSH AL Felgic)
HHH, ACI 318-199] 4% f-8Z o7t S7Istel wet &g o
H] Aggre] vl&o] Thaoh= AFS UERHIL QLo KDS 14

l

.,,>
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el B, 371 §394S 9hsh ACI 318-199} Eurocode 2=
AIS3t tie] A vlgo] S7Foke A VERI o]
+ ACI 318-192} Eurocode 29| 7183} A7t a7 232
YEO AL E AP35 1ol A7 27| 83 whdshA|
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Table 8 Test

results of specimens according to design code

- KDS 14 20 22 ACI 318-19 Eurocode 2
: test

TN W | v | el | G| Vel Va o

350-PC 176.26 1.55 113.50 1.30 135.28 1.40 126.11
350-SFRC 309.53 3.05 101.58 2.63 117.67 2.69 114.91

650-PC 194.41 0.89 217.25 1.10 176.39 0.86 226.24
650-SFRC 392.69 2.04 192.31 2.56 153.43 1.90 206.15

950-PC 183.13 0.58 316.98 0.92 199.81 0.62 294.02
950-SFRC 492.72 1.77 279.04 2.84 173.79 1.84 26791

Note: V,,,,: maximum shear strength (=P_,./2); V,.:

calculated shear strength

5 SFRC PC |- . SFRC PC |- SFRC PC
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Fig. 9 Comparison of test-to—calculated ratios by design code
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