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Shear Strength Model for HPFRCC Beams with Main Longitudinal Tensile

Reinforcements

Seong-Cheol Lee', Kyung-Joon Shin*

Abstract: Recently, many studies have been conducted on the structural behavior of HPFRCC, but most of the studies focused on the flexural behavior
while studies on the shear behavior are limited. In this study, a model has been developed to reasonably predict the shear strength of a HPFRCC beam
without stirrups. To develop the model, a HPFRCC beam was simply idealized with upper & lower chords resisting bending moment and a web shear
element resisting shear forces. Then, taking into the account of the tensile behavior of HPFRCC, the main diagonal compressive strut angle and shear
stress of the web shear element were evaluated on shear failure. Then, the shear strength of the HPFRCC beam could be evaluated. For the verification
of the proposed model, the predictions by the proposed model were compared with the test results of 48 HPFRCC beams exhibiting shear failure. The
results showed that the proposed model reasonably predicted the actual shear strength with an average of 1.045 and CoV of 0.125. This study are
expected to be useful for related researches and design of members or structures to which HPFRCC is applied.
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Fig. 1 Tensile behavior of normal concrete, FRC, and
HPFRCC (Lee et al., 2017)

-
Ll

Strain, deformation

WA, B o A= HPFRCC K 2ol g A 4=
=3 H o7 Agst 4 9= ndl S A asl s} o), =3t
Aot mel s 7= Ay Ao} vlwEo 2N HAZstaAt

.

2. HPFRCC 2 51 1= T 22 ST

2.1 HPFRCC = £ o|Ats}

o 1__
4% 8.4 A 71 B4R B

9T A B B

shse] Tejaheir). Wb, Folxl whle] 2gshs Pwal
& @A AR 3] AR, AT S BR AT
fol] of8] AL Ao Tejd 5 Ak 7IA, ek

o] 2SR B AT Qo 79U FARNE 2

ZHEE FUET 71870l 4521 7] Lo A A H 1, B
QAo] Zu1gko 2ol MES A5l oA T8l wek

B AT g4 bR 02 FEF Q-8 o] AH85HA
H T Vecchio and Collins, 1986). B=gF, AT 74 7H0] 7} vjl-- =}
A o2 GHHAR] B FAf o] A9 B et g Avof sl Eol
WFo ol WA S8 FAIE o QU YRk o 2 AAbzt
3 T g B AT @ 4ol Ao AekgHo] Be| Zlo]

PO FEEA RES] Y A0 1T F Ak
(Vecchio and Collins, 1988).

top

14 compression

‘ chord

— — C—-0.5Vcotd

web
d 0 —_ shear “— Vot

— element

— — T +0.5V cot&
[ I bottpm
Rebar tension
chord

Fig. 2 Idealized model for a shear critical HPFRCC beam
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Fig. 3 Stresses on the web shear element
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Fig. 4 Simplified compression softening behavior
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Fig. 5 Strains on the web shear element
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Tensile behavior of HPFRCC

Local strain distribution at failure

Fig. 6 Relationship between average and local tensile strains
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Fig. 7 Algorithm for the shear strength of a HPFRCC beam

5 A A=E A 7P T ol 2RE M H e, AR RIS

2 AN, o) ZHE WY FEE AL F 2]

A3 Atk =0} 1| W0 ZH 52017 HPFRCC 1. F-A4] o
7.

e A A=E AT o Aok

3. M2t P2 BT

31 71& HPFRCC £ Sxj Al 742

kol A AQet mElo] HFS 23, o] Aol A= Lee et
al. (2015)°1 2J3l =& At F o] §l= HPFRCC E F-A)
o] Ak A= A A= F8319 T Lee et al. (2015)2 A
fF TF 9 EUE, A F ), a2 A AmE A
S HTE T 48719 A @A ol thell A3 3 E AT A=
=439tk Fig. 8ol YUERA nRe} Zo|, BE AFA
100x200 mm 243 T o 2 Fof glom ol
2 04 "] 1.53~3.60%°1 3]E3h= D16~D252] d
< Z10] 130 mmel] ¥k ATh Tk, Aw AF3he 2Age
24 2.0~3.59] A A7 7F = ATk

Ao Al 228 E HPFRCC Wl &)= W/B=0.6 224 &
=7 flo] 2efjel Zetolofi7} i< A ol 2+ 1.17
213302 F3tE 9l om, R E Al Aol FUsHA 25
ot OYh A 4l 2 Y-S HESE] 28l Table 19
Aele ukel 2ol 37k 9 Af EYEe] 1HEHA Ha
2, P1 Z P29 el A= A2 ol 7t &2 mlo| 2= EFQl 9]
AFET EYEReH, PS Higel e Af2oel7t Atha
o= 7 w322 By A7 A EAE A PL, P2, PS vl

A

ok
o rr u

J. Korea Inst. Struct. Maint. Insp. 63



——

a_ "~ a " 100
1,100

Fig. 8 HPFRCC beams tested by Lee et al. (2015)
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Fig. 9 Tensile behavior of HPFRCC

Table 1 Fiber volumetric ratio in HPFRCC

Fyber type P1 (%) P2 (%) PS (%)
PVA 8 mm (REC15) 1.1 2.3 1.8
Steel 30 mm (RF4000) - - 0.5

Table 2 Main characteristics of HPFRCC

HPFRCC  f. (MPa) e o1, (MPa) &

P1 42.2 0.0029 2.8 0.007

P2 42.2 0.0034 3.3 0.020

PS 43.0 0.0034 33 0.014
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Fig. 10 Comparison of the predictions with the test results
on the ultimate shear force
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Table 3 Comparison between the test results and predictions on the
shear strength of HPFRCC beams

HPFRCC Ps (%) a/d V;L,t@st V;L,pred I/u,test/ I/u,pfred

2.0 55.1 445 1.237

2.5 39.8 38.1 1.043

1.528 3.0 28.5 31.1 0.917
3.5 30.7 31.1 0.986

2.0 59.7 47.7 1.253

2.5 44.8 42.8 1.046

2.204 3.0 34.1 37.8 0.901
Pi 3.5 32.8 35.5 0.923
2.0 61.0 50.3 1.213

2.5 50.0 46.8 1.067

2978 3.0 37.9 42.6 0.890
3.5 35.9 40.2 0.893

2.0 68.3 53.2 1.285

2.5 49.2 49.6 0.993

3898 3.0 40.7 46.5 0.877
3.5 38.2 44.1 0.865

2.0 61.8 51.4 1.203

2.5 452 44.5 1.016

1.528 3.0 39.6 40.3 0.982
3.5 33.7 35.5 0.950

2.0 70.0 55.8 1.254

2.5 52.3 50.5 1.036

2:204 3.0 S1.5 48.3 1.066
P 3.5 40.3 43.0 0.936
2.0 79.8 59.6 1.340

2.5 61.4 55.5 1.108

2978 3.0 56.4 52.7 1.072
3.5 48.5 49.3 0.984

2.0 72.3 61.6 1.173

2.5 61.3 58.5 1.047

3898 3.0 54.1 55.6 0.972
3.5 48.3 52.8 0.914

2.0 52.4 47.4 1.105

2.5 39.7 40.8 0.973

1.528 3.0 38.3 38.4 0.997
3.5 31.9 33.0 0.966

2.0 64.3 53.2 1.210

2.5 53.8 49.1 1.098

2:204 3.0 36.2 41.9 0.864
PS 3.5 40.8 41.6 0.981
2.0 76.9 57.3 1.341

2.5 58.6 53.1 1.105

2978 3.0 49.5 49.4 1.002
3.5 45.7 46.7 0.980

2.0 72.5 59.4 1.219

2.5 61.6 56.3 1.094

3898 3.0 44.9 52.2 0.859
3.5 47.8 50.6 0.945

Average 1.045

CoV 0.125
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Fig. 11 Effect of main parameters on the shear strength
prediction with the proopsed model
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