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ABSTRACT

Development of Alkali Activated Slag Cementless Fiber

Composites and Performance Evaluation of Structural Members

Lim Hyeon Jin

Advisor @ Prof. Cho Chang-Geun, Ph.D.
Depar tment of Architectural Engineering,
Graduate School of Chosun University

In this study, an alkali activate slag cementless fiber composites
(AASFC) with low carbon dioxide emissions was developed and manufactured as
eco-friendly and high—ductile mechanical characteristics. The analysis of
mixing design, mechanical characteristics, and performance evaluations of
structural members according to the fiber mixing rate of AASFC showed the
following results.

For fresh AASFC, Slump flow was measured 540 ~770mm, For hardened AASFC,
compressive strength was 32.60 ~35.50 MPa and tensile strength was 3.01~4.69
MPa. Moreover, ultimate tensile strain was recorded 2.88~4.96% for direct
tensile test and flexural strength was 8.14~12.29MPa. Shear strength was
measured 5.01~7.04MPa for push-off shear test, and shear strength was 4.58 ~
5.48 MPa for biaxial pure shear test. Based on an revised model of the
Modified Compression Field Theory (MCFT) for AASFC, nonlinear analysis of
AASFC panel for biaxial shear performances showed a difference of 8.29~9.53%
compared with experiments with 1.95~5.01MPa. Experiments with AASFC-applied
bending-type beams showed a maximum load of 127.51kN, a deflection of 11.13
mm, and an AASFC-applied experiment with a maximum load of 140.41MPa~ 158.10
MPa, and a deflection of 31.53~42.60 mm. Flexural strength of beams applied
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with AASFC has a performance improvement of about 10.11~23.99% compared with
a specimen of reinforced concrete beam. The performance improvement effect
was 13.14~39.07% as a rate of tensile reinforcement reduction, with a
reduction of up to 39.07% from 2.00% fiber mixing rate. Experiments with
shear—-type beams showed that the conventional reinforced concrete beam had a
maximum load of 69.15kN, a deflection of 2.22mm, and the AASFC beam had a
maximum load of 94.10~122.95MPa, and a deflection of 4.01~4.91mm. The
shear strength of beams applied with AASFC showed a performance improvement
of approximately 36.08~77.80% over the reinforced concrete beam. The
performance improvement effect was 23.63 ~54.23%, which was reduced by up to
54.23% from 2.00% fiber mixing rate. The proposed flexural strength design
equation resulted in a 7.22~9.23% difference in value and a 3.68~12.72%
difference in value in the shear strength design compared to the experiment.
The proposed beam design equation well calculated the maximum load capacity
and the increase in strength with the fiber mixing rate of AASFC compared to
the experimental results. Results of nonlinear fiber sectional analysis
showed that for the maximum load capacity according to the fiber mixing rate
of the AASFC was well estimated with a difference of 0.55~9.74% compared to
the experiment. Nonlinear finite element analysis of beams showed that the
difference in values was 0.71~9.99% compared to the experiment, predicting
the overall load-displacement behavior according to the fiber mixture rate of
AASFC, and approximately estimating the load-displacement behavior after
maximum load capacity. Results of nonlinear finite element analysis predict
the maximum load capacity of beams according to the fiber mixing rate of
AASFC. The behavior of each load step of the beam can be effectively
predicted through a nonlinear finite element analysis program. In the shear
wall normal rebar type, the ordinary concrete experiment showed a maximum
load of 160.91kN, a displacement of 10.40mm, the AASFC applied with a
displacement of 292.70MPa, and a displacement of 4.42mm. In the minimum
reinforcement ratio type, the ordinary concrete experiment showed a maximum
load of 160.91 kN, a deflection of 10.40 mm, and the AASFC applied with a
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maximum load of 292.70MPa and a deflection of 4.42mm. Experiments applied
with AASFC showed a higher maximum load of 81.90% for normal reinforcement
type and 80.69% for minimum reinforcement type compared to regular concrete
type, indicating that it is effective in improving shear wall performance due
to fiber mixing. The design strength of the shear wall applied with the
design equation that reflects the AASFC material characteristics showed a
difference of 3.07~10.54% of the maximum load compared to the experiment,
which well predicted the strength of the shear wall. The nonlinear finite
element analysis results showed a difference in values from 0.87~7.20%
compared to the experiment, and similarly estimated the behavior after the
maximum load. Nonlinear finite element analysis programs can effectively
predict the behavior of shear walls for each load step.

The alkali-activated slag cementless fiber composites developed in this
study has excellent mechanical performance, so it is effective for
performance improvement when applied to structural members and has advantages
such as the effect of reducing the amount of rebar. It is considered that
structural members can be applied as high-ductility/high—performance
materials by supplementing the problems of high shrinkage rate and rapid
carbonation of alkali-activated slag binders and lowering of surface hardness
and applying various types of reinforcing fibers according to various
compressive strengths. AASFC is expected to be able to offset the price
problem of reinforcing fibers with the effect of reducing rebar and carbon
emission by reducing reinforcing bars and reducing carbon emissions. In
addition, alkali activated slag cementless fiber composite is effective for
crack width and crack control, excellent deformation performance and strength
improvement, so it is considered to be advantageous for field application

when applied to precast members.
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(a) M1(PVA 1.00 %)

(b) M2(PVA 1.25%)

_44_

{“/Collection @ chosun



(c) M3(PVA 1.50 %)

(d) MA(PVA 2.00 %)
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(a) M1(PVA 1.00 %)

(b) M2(PVA 1.25%)

_53_

(*ICollection @ chosun
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(a) MO(PVA 0.00 %) (b) M1(PVA 1.00 %)

(c) M2(PVA 1.25%) (d) M3(PVA 1.50 %)
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(e) B200 (PVA 2.00%)

[08 4.5] & Bt 2 AEXe Ity M F
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(a) BRC (21&) (b) B100 (PVA 1.00%)

(c) B125 (PVA 1.25%) (d) B150 (PVA 1.50%)

(e) B200 (PVA 2.00%)
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(a) SRC (D1&)

(b) S100 (PVA 1.00%)

(c) S125 (PVA 1.25%)

(d) S150 (PVA 1.50%)

(e) S200 (PVA 2.00%)

[OE 4.8] Mt B 2 AN IH) & F
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(a) SRC (21&) (b) S100 (PVA 1.00 %)

(c) S125 (PVA 1.25%) (d) S150 (PVA 1.50%)

(e) S200 (PVA 2.00 %)
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[ 4.7] HIEE sS4&35 & old 20
Concrete crack Rebar yielding Maximum Load
. 6'{1
Seecimen | si= | HMA | &F | ME | &E | ME | &5 | hT G
Y
kN) (mm) kN) (mm) kN) (mm) | SIH%)
BRC
(91%) 15.29 0.12 138.96 | 4.58 139.94 | 13.66 - 2.98
B100 18.43 0.13 142.69 | 5.45 146.62 | 23.50 4.77 4.31
(PVA1.00%) ’ ' ' ' ' ' ' '
B125 20.92 0.14 144 .87 | 5.44 151.13 | 29.33 7.99 5.39
(PVAT.25%) ' ' ' ' ' ' '
B150 21.18 0.13 147.83 | 5.43 155.62 | 35.23 11.20 6.48
(PVA1.50%) ’ ' ' ' ' ' ' '
B200 21.35 0.13 147 .41 5.43 158.98 | 47.01 13.60 8.65
(PVA2.00%) ) ) ) ) ) ) ) ]
[E 4.8] B9 A&, dHA, HAHE SAstallA oS Hlw
ZCHotS (kN)
TE AlS O] A Y]
ad = _ S 4 sloli A _
A (%) okot (%)
BRC(DI=) 127 .51 84.58 33.66 139.94 9.74
B100(PVA 1.00%) 140.41 127 .44 9.23 146.52 4.35
B125(PVA 1.25%) 144 .48 132.61 8.21 151.13 4.60
B150(PVA 1.50%) 147 .16 137.61 6.48 155.62 5.74
B200(PVA 2.00%) 158.10 146 .67 7.22 158.98 0.55
- 118 -
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[E 4.9] 22 48D HIKE S45I614 #2214 i
HRALH (p=10,/6,)
e o JlZE e JlZE
- ZIHS (%) i & ZIHE (%)
BRC(JI =) 2.77 - 2.98 -
B100(PVA 1.00%) 4.48 61.57 4.31 44.63
B125(PVA 1.25%) 4.16 50.18 5.39 80.87
B150(PVA 1.50%) 4.05 46.20 6.48 117.44
B200(PVA 2.00%) 4.28 54.51 8.65 190.26
[E 4.9]= 29 4NN SHE =0 e USISHA HRAH SO
HOICIHHIZ HIME SAS A HIRGHACH JIZAEHE A8Y HIHE 54
StofA BAMIAHIE 22 277, 2,989 ZUE BN HI=6HH =FoIU
MSFCHE 20IAS HRHHHE AEZDIF 4.05~4.482 ZE 2o LR
Z45 HENAME 4.31~8.652 HAS EAOH, MSFCERELE 1.50% 0140l
N Oa 2 Z2DE BAUC.
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LOAD(kN)

B200

- - = P _B200
0 1 1 Y T =

0 20 40 60 80
DISPLACEMENT(mm)

(e) B200(PVA 2.00%)

[D& 4.23] 2O REAMAD AE2D H JdiZ

[HE 4.10] 29 HIHE KEidisd 20

Concrete crack | Rebar yielding Maximum Load il
. 4 A H|
Specimen | 3t= XHE ot & ot=s HE ot= S
(kN) | (am) N) | (m) | (kN) () | BOH%) | =g
Y
BRC
1) 19.21 0.34 108.94 3.08 114.76 20.5 - 6.76
B100 21.76 0.35 124 .45 3.00 137.56 | 29.95 19.86 9.98
(PVA1.00%) ’ ’ ’ ’ ’ ’ ' '
B125 22.13 0.35 127.37 3.01 142.00 35.4 23.73 11.76
(PVA1.25%) ' ' ' ' ' ' ' '
B150 22.43 0.35 130.21 3.01 146. 11 39.78 27 .31 13.21
(PVA1.50%) ’ ’ ’ ’ ’ ’ ) )
B200 22.90 0.35 135.66 3.01 152.36 | 43.01 32.76 14.28
(PVA2.00%) ' ' ' ' ' ' ' '
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[E 4.11] 2o 88, A, B8 A4, HIEE S04 UGS D
2SS (KN)
T ue | A oy | BEE [ o [REea] .
=8 & QIHA)) 51| A QII'(A)) 51 A QIHA))
BRO(JIZ) | 127.51| 84.58 | 33.66 | 139.94 | 9.74 | 114.76 | 9.9
BIOO(PVAT.O0%) | 140.41 | 127.44 | 9.23 | 146.52 | 4.35 | 137.56 | 2.02
B125(PVAT.25%) | 144.48 | 132.61 | 8.21 | 151.13 | 4.60 | 142.01 | 1.70
BIS0(PVAT.50%) | 147.16 | 137.61 | 6.48 | 155.62 | 5.74 | 146.11 | 0.71
B2OO(PVA2.00%) | 158.10 | 146.67 | 7.22 | 158.98 | 0.55 | 152.36 | 3.63
[H 4.12] 2o 48, HAE SABHA, HIME SEQA A B bl
HelHdHl (u=4,/6,)
T _ s43 sees
gE | EXEM | ) BaEM) ToLT E)Em)
BRC(ODIZE) | 2.77 - 2.98 - 6.76 -
BIOO(PVAT.O0%)| 4.48 | 61.57 | 4.31 4463 | 9.98 | 47.63
BI25(PVAT.25%) 4.16 | 50.18 | 5.39 | 80.87 | 11.76 | 73.9
BISO(PVAT.50%)| 4.05 | 46.20 | 6.48 | 117.44 | 13.21 | 95.41
B2OO(PVA2.00%)| 4.28 | 54.51 8.65 | 190.26 | 14.28 | 111.24
[E 41112 2o a8, &4, HIHE SHEH, HIHE SERAHMC
22t UBIES LEIION, HIME SERAMA0 B4 HUEE H=S It
D AN B MISSIACH [E 4.121= MBI, B S4s64A, L S8
QA0 WAL ZWE UEING, HIEE SASEHA0 HIs HidE S84
S0l JIEABAN 3 MSFC HBE Ho| BIeIAH EII82 2AGHH =X 3
2102 AZEC.
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for 205.14, Geometry load case |

SHX
(M/mm2)

156.09
I 7.82
0.95
6.72
-14.00
2127
-28.54

-35.81
-43.08

S
i
2
0l
Ju
in
3
i
00

for 205,14, Geometry load case |
Total Stresses SXX
45896N/mrm?

EowixX
(mm)

3.17
I 273
228

1.83
1.39
094
0.50
0.05
-0.40
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SXX
(N/mm?2)

761
I -0.08
-7.76

-15.45
-23.13
-30.81
-38.50
-46.18
-63.87

S
[
2
0l
Ju
in
=
i
00

SXX
(N/mm3)

490.33
I 37051
250,69
130.87
11.05
-108.77
-228.59

-348.41
-168.23

Ecwix
(mm)

2.09
I 1.62
1.55
1.28
1.01
0.74
047

020
-0.07
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0, Geometry load case 1

505 KK
497.97Njmrm?

{/Collection @ chosun

0l0

2
>
OII
00

- 132 -

SXX
(N/mm?2)

12.39
I 433
-3.72
-11.78
-19.84
-27.90
-35.96

-44.,02
-52.08

SXX
(N/mm?2)

49797
I 37598
254.00
13201
10.03
-111.95
-233.94

-355.92
47791

EcwxX
(mm)

1.99
I 1.73
1.47
1.22
0.96
0.70
0.44

0.18
-0.07
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I 5.60
2.72

SKX
(N/mmZ)

13.92

-11.04
-19.36
-27.68
-36.00
-44.32
-52.64

I 378.08
25496

SXX
(N/mm?)

501.19

131.84
8.73
-114.39
-237.51
-360.63
-483.74

EcwXX
(mm)

120
I 1.65
141

1.16
091
0.67
042
0.17
-0.07
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SXX
(N/rnm?)

504.43
I 38047
25652
132.57
8.61
-115.34
-239.30

-363.25
-487 .20

Ecwixx
(mm)

1.58
I 1.37
1.16

0.95
0.74
0.53
032
0.11
-0.09
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Elol | als Ao ot xE Stiffness ot SRS Stiffness
ST (kN (mm) |at Yielding| (kN) (mm) |at Yielding
(KN/mm) (KN/mm)
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& 2|
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