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Effects of Fiber Blending Condition and Expansive Admixture
Replacement on Tensile Performance of Rebar Lap Splice in
Strain-Hardening Cement-Based Composites (SHCCs)

Seung-Hyun Ryu,l) Young-Oh Lee,” and Hyun-Do Yun"”
"Dept. of Architectural Engineering, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT This paper is a report about lap splice performance of rebar embedded in the strain-hardening cement-based com-
posites (SHCCs) under monotonic and repeated tension loading. Ten mix proportions of cement-based composites such as SHCCs
and normal concrete were investigated. The study parameters are comprised of (1) types of reinforcing fibers (polyethylene and
steel fiber), (2) replacement levels of expansive admixture (EXA, 0% and 10%), and (3) compressive strength (30 and 100 MPa)
of cement-based composites. Lap splice lengths (Id) of rebars in SHCC materials and normal concrete were 60% and 100% of
splice length calculated by code requirements for structural concrete, respectively. Test results indicated that SHCCs materials can
lead to enhancements in the lap splice performance of embedded rebar. All of the fiber reinforcement conditions (PE-SHCC and
PESF-SHCC) considered in this study produced considerable improvements in the tensile strength, cracking behavior, and bond
strength of lap-spliced rebar. Furthermore, adding EXA to SHCC matrix improved the tensile lap splice performance of rebar in
SHCC materials. However, for controlling crack behavior, the performance of PE-SHCC was better than that of PESF-SHCC due
to its mechanical properties. This study demonstrated an effective approach for reducing required development length of lap spliced

rebar by using SHCC materials.
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Table 1 Mixture proportions of SHCC materials

FE A gA 2 27 HAF S/l 2 SHCC A
HolgHe] 1 5ol dliste] AgHo=z Hrisiarzt
gt}

2.4 &

2.1 SHCCS| M= ¥ A& 2y

Table 1> o] AFdA A== SHCCe gk wjgr=
A& veRd Aojth AfE B BA dAzde B
E75 (30 MPa)2t 273 =(100 MPa)2] SHCCOlA S 3}
A A=A o] Al SHCCY 5 545 /A
371 flste] widA] AHES] RS WA Z OiA 53
2, AHEE AR 0]9 Ve A AlgE At
CSAAl AZAE AHgatlor, A& 10%= A8 st
St TESE Table 20 Ul ulel o] RN GE
2lold @ (polyethylene, PE)3} 73] -(steel fiber, SF)E A}
gtk B A TF 2 EYES 9 PE ARE
1.5% &9 A$-(PE-SHCC Al#]=)¢t PE ¥ SF A=
Z4zF 0.75%% StolEg= B 7e 73-$-(PESF-SHCC A2
z2)ol ¥ A2 AUt SHCCY HYe EAAE
9 F 12 AnE sden, Ao 53 3 (fiber
bal)S HAE7] 98] A T4 olF 23 Ans A
AletSiTh. ol ¢F o] MWl F B3 s3AE T
Yste] SHCCO HF WS o

-

o
SHCCE= 49 92 Eol

Specific Fibers (%) Unit weight (kg/m’)
Cement-based .
composite type | /B | COMPressive | oo Siliea | pyva | s G AE T
p Yp strength (MPa) ement | Water fume
Con 30 0.5 30 350 175 - - 770 981 - -
Con_100 0.18 100 800 160 89 - 546 835 - -
PE30 00" 1,075 | 484 - - 430 - - -
= 0.45 30 1.50 -
PE30 10 968 489 - 108 430 - - -
PE100 00 1,409 | 319 245 - 163 - 33 7
_——0.19 100 1.50 -
PE100_10 1,268 | 319 245 141 163 - 33 7
PESF30 00 1,075 | 484 - - 430 - - -
———=—1 045 30 0.75 | 0.75
PESF30 10 968 489 - 108 430 - -
PESF100 00 1,409 | 319 245 - 163 - 33 7
———0.19 100 075 | 0.75
PESF100 10 1,268 | 319 247 141 165 - 33

"PE30 _00: reinforced fiber type; design strength; EXA replacement level, PE: polyethylene fiber, SF: steel fiber
Note) EXA, expansive admixture; AE, air-entraining agent; T, antifoaming agent

Table 2 Mechanical properties of fibers

Fibers Specific g}ravity Length, 1 Diameter, d Aspect*ratio Tensile strength | Young's modulus
(kg/m’) (mm) (1m) (7d) (MPa) (GPa)
PE 0.97 12 12 1,000 2,500 75
SF 7.85 32 405 79 2,300 206

Note) 1, length; d, diameter
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A5 2 FARA EAL 7K ong fE g 7 Table 3 Summaries of lap splice specimens
oAk %/\g Eg_ 7t= HlEA] pEEojop & HEo|t), u) Specimens Crc.)ss se(.:tional Length: Splicc(:z) Splici)
B SE, 4 W A A W) Sde) 2 g D dimentions; | (' * 1 | length® | length
Ag AFsiE.om, SHOCH ARH 542 Bl b (om) (mm) | (mm)
% H7kel A5 SHOC 5% WMARE/FE 2 A L3_Con30 00 | 40 | 440
25%)2 345 98] RE 79 SHCC ol LS_Conl00 Mo | 240 | 240
o] 100 x 100 x 400 (mm) 25HA LA S A 2Hs}l e LS_PE30_00 460 440 260
W, B HE 5% oS APA T Wy 5 LS_PE30_10 460 | 440 | 260
FogHA(LE 20+ 1°C 2 HFE 50+ 1%)0] 2B LS PEI0000 | oo 340 240 140
) E3 SHCCS 4EAE E4L W7t st = LS_PE100_10 340 | 240 | 140
E 7 SHCCOl tial 370 AFd A E A Ast LS_PESF30_00 460 440 260
Fom KS F 2405(FIZZEL] A=A Ald el = LS PESF30 10 460 440 260
st A= AlHS AASHAT LS _PESF100_00 340 240 140
LS PESF100_10 340 240 140
22 HE0|S AE AHE U dHH "See Fig. 1(b), “splice length calculated by CRSC

960% splice length of P(SHCC specimens)
Aol s el 7144 54 2 4z
| oAl 57 gzl whEQlgstE s e SHCC
] 2]

[¢]

st T 207H«l él%iﬂ%’: A zrskdtr. SHCCS] A o]
ol AFEE H2L SD500FS] ¥F A 16 mmE 2=
18 22(D16)S AH&siaith. 3k A olw Aol
Z]E AFA(LS Con30 2 LS Conl00)e] 4% CRSC
71Ed A FAsL e AP Ae Feke] A skt
CRSC 7].,_011 40}‘_ zEJEL x} 757210]_9‘_0_ A uj B
FOoE FESIAL Atk AF oo WX HTFo| o]
o AA FZRlA SN AR e FEHe L8 HEH
28] ool :, &n FHolgY AHoleH B A
A dadel 12 olalkl 492 oJvle, B oS A
F olge] AFHA e mE

7o) 3% 2 Aol AFoleH Byl 1A
Az 10 sFE e BFolgos #4% 4 Ak
SH SHCC AFA|(LS PE ¥ LS PESF Alg]=

O

N

Lol MPAT? A4 SHCC AHolS Aol
25 BT B deste] vhesdel gklde] wet
7)ol Al A A AL 9\2‘: AT HA ol 4ol 60%E

%] &3} TH(Table 3).

Axlolx A@dAd AP AgEs =dstr] st
S50kN &%9] THsAF7|E o] &ston wx B phE Fig. 1 Test setup for direct tension of lap spice specimens
A7+ St whETtEH M= ZF AtolE ] HY &
XA #do 3 FE SATOEN HFZ HHolS o} o] HLolZH o] #EEFS A3 flste] AFA
o] T3k SHCCO < Ao B mAl#d #4F 54 o] Alols Eve #7bl 2 Alo]A|(crack gauge)E
< HIIstaLAr SFTE HES wkE 17 Al Alsteld Aa)etg o, AA Astl thold Ao (dial gauge)
= A@A e o] HAXE wHe MAAE FaIl FH £ AAFoEH SHCC APA] BE F7bol YA st=
e e HHER A en 500, 1,000 2 2,000 p SHCC % H9 Wy TS AZedrh
2 S5 WEA SH(repeated loading) 3FATH.

Fig. 1(by> AgA JAE vehd 202 A2 Wy A .= MY A
o] %] (steel gauge)y= AFAT T INE HFA Y T4 #

Fob 21 abele] Aol Trko] Euhe Ao B o] A7) AHE-E DI6 o8 o) 71AA FFe KS
a9 th 3 Fig. 1(a)2] A A 3ol vehd u) B 0802(F &A1 Q1A Aol Fste] Brietslon,
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Table 4 Summaries of material properties™

Cement-based Shrinkage Compressive Young's Tensile Tensile strain
composite type during 1 day (W) strength (MPa) modulus (GPa) strength (MPa) capacity” (%)
Con_30 132 329 22.5 - -
Con_100 443 84.7 354 - -
PE30_00 200 39.4 13.4 5.88 2.78
PE30 10 275 39.5 134 6.61 1.12
PE100_00 643 81.7 27.4 7.83 0.93
PE100_10 184 86.7 259 6.65 1.11
PESF30_00 261 40.1 16.5 447 1.25
PESF30 10 0 442 16.3 4.59 0.35
PESF100_00 414 89.9 29.1 6.54 0.09
PESF100 10 322 91.8 28.8 6.57 0.02

PCompressive and tensile strength results are the average of three and five specimens, respectively

@Tensile strain at the peak tensile stress

Fig. 20l YEhd ule} 7ol Hz¢] gE7Fw= 528 MPa
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Fig. 3 Shrinkage strain of SHCC materials



Fig. 4 Compressive test results of SHCC materials
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Fig. 6 Crack pattern of tensile specimens
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Table 5 Test results of the lap splice specimens

St A

A3}, Aol2=g”e] A3 Az} vpR AR o] AFoA
3 ¥ PE- ¥ PESF-SHCCY A A olS%9 AF
AEE & AolE Ho|A it} T3 PE- 9 PESF-
C Mol A BFAE AT weh gz 2
at% stellAe] AFAE H 271730 FXEe A
HYomw, T7% SHCC7F YWk = SHCCO Hs)
o] AA s 5L BT ol AgFS
W Eg o] Frrt AUy os B2 olf=E, HH
o] AF AEMLE REZLL B3 =&

3 7) wEe Aeg A, I REYE 4
B SHCCol| #H-&-3st= #3E/do] SHCC

N oo

o K
ol o)
oy do Hr b1 oo o iz

Bl de

= Egs S

o 217D AoIHAL, SHANRNE FEF] e
ARE WE st Aot YEAEo] MY Ao
#9e 5 Aok

= 2589t Fig 8] Uehd e} o] EaelE

ZE AFA ] wle] 3u) ol REEle Ao eyt
o}, w3 77}%= SHCC/F REZIE SHCCo| H|3| a9
8ol A vepd AT A AIRE B3 <
A NE w74 v REZE SHCC wlge]l 7]

T7F oF 30% ol =4 YERETH

g SHCC AZ@A | WZAE Aol whet F3ol
239 A Aol SHCCS 7|Hxrt S7tskes ALz
Uelgtew, 2 5 PE-SHCCO 48] PESF-SHCC 2 ¥
A 7IAETE °F 20% o)’ A JEET olHE Al

Initial crack Average crack .
. . . . Average bond |Tensile strength
. Tensile strength | Tensile strain | width at 0.1%
Specimens ID b Y (MPa) %) (tensile strain) strength, u of cement
Strength (MPa)| Strain (%) ° Eq. (1) (MPa)| matrix (MPa)
(nm)
LS Con30 95 0.008 316 0.06 89 31.9 0.45
LS Conl00 149 0.002 168 0.06 214 84.7 1.60
LS PE30 00 73 0.005 491 0.18 43 414 2.25
LS PE30 10 124 0.001 506 0.20 25 39.5 3.37
LS PE100_00 89 0.003 401 0.14 34 81.7 1.60
LS PE100_10 240 0.002 428 0.07 29 86.7 2.13
LS PESF30 00 65 0.001 474 0.23 46 40.1 3.12
LS PESF30 10 114 0.005 515 0.15 64 442 3.82
LS PESF100_00 100 0.013 420 0.15 36 94.4 221
LS PESF100 10 249 0.002 439 0.12 38 91.7 3.72
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Fig. 7 Tensile responses of lap splice specimens
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Fig. 8 Tensile strength of cement matrix in lap splice speci-

mens
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Fig. 10 Final crack patterns of lap splice specimens

Fig. 9 Average crack width in lap splice
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Fig. 11 Strain distribution of rebar lap-spliced in SHCC materials
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