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The applications of Screw Rebar system to rehab or extend the service
life of Soil and Water Conservation concrete structures 2/2 —

Rehabilitation project for an existing concrete check dam

Abstract

Currently, chemical bonding anchors are commonly used in local projects.
However, the engineering properties of chemical bonding anchors are significantly
influenced by several factors, such as cleaning process of the drill hole, mixture
condition of bonding gel, moisture condition of concrete, curing temperature and
duration. Therefore, the objective of this project is to develop a new type rebar screw
anchor was developed for concrete structure rehabilitation recently.

A #5 screw anchor is made from a piece of carbon steel rod. The screw anchor
Is designed having one side with screw teeth and the other side having a M24
hexagonal head with inner teeth. The screw section design will similar to current
existing screw anchor and the tip is harden to ensure the anchor is able to cut in
concrete. The screw teeth and section length is designed to meet the require bonding
strength. The total anchor length can be selected based upon construction needs. The
tensile strength of the development screw anchor was evaluated based upon the ACI
and EOTA EAD assessment guidelines. The bonding strength k-values are all met the
guideline for both un-cracked and cracked conditions. The screw teeth and anchor rod
were both redesigned to ensure the installation torque was satisfied the current market
expected value. The development of screw anchor was used successfully to replace
the chemical anchor for an aging river revetment rehabilitation project try out project.
The results of the assessment program indicated the developed screw anchor is able

to meet the ACI and EOTA reference condition engineering characteristics and to be
v



used for aging concrete structure retrofitting.
Keywords: Reinforced concrete structure, Rehabilitation, Retrofitting, Bonded

anchor, Anchor.
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Table 4.1b—Test program for evaluating anchor systems for use in cracked and uncracked concrete

Test Reference Purpose Description Crack opening Concrete Member Drill bit Minimum
Number width, in. (mm) strength thickness diameter sample
size* n
Reference tests
1 721 Reference test in uncracked low- Tension — single anchor with no — Low > hmin dm 5
strength concrete edge influence
2 721 Reference test in uncracked high- Tension — single anchor with no — High > hmin dm 5
strength concrete edge influence
3 721 Reference test in cracked low-strength Tension — single anchor with no 0.012 (0.3) Low > hmin dm 5
concrete edge influence
4 721 Reference test in cracked high-strength Tension — single anchor with no 0.012 (0.3) High > hmin dm 5
concrete edge influence
5 7.2.2 Reference test for screw anchors— Confined tension — single anchor — High > hmin dm 5¢1
Confined test in uncracked high- away from edges
strength concrete
Reliability tests
6 8.2 Sensitivity to reduced installation Tension — single anchor with no 0.012 (0.3) Varies > hmin dms 5
effort edge influence with
anchor
type
7 8.3 Sensitivity to crack width and large Tension — single anchor with no 0.020 (0.5) Low > hmin dmax 5
hole diameter edge influence
8 8.4 Sensitivity to crack width and small Tension-single anchor with no 0.020 (0.5) High > hmin dmin 5
hole diameter edge influence
9 8.6 Tests in cracks whose opening width is | Sustained tension — single anchor 0.004 to 0.012 Low > hmin dmaxit 5
cycled with no edge influence, residual (0.1t00.3)
capacity
10 8.5 Reliability of screw anchors under Repeated tension — single anchor — Low > hmin dm 5
repeated load away from edges, residual
capacity
11 8.7 Reliability of screw anchors against Embrittlement test — single — High > hmin dm 51
brittle failure anchor away from edges
12 8.8.2 Reliability of screw anchors if set with Setting test — single anchor away — Low > hmin dmax 15
impact screwdriver from edges
13 8.8.3 Reliability of screw anchors if set with Setting test — single anchor away — Low > hmin drmax 10
a torque wrench in low-strength from edges
concrete
14 8.8.4 Reliability of screw anchors if set with Setting test — single anchor away — High > hmin dmin 10
a torque wrench in high-strength from edges
concrete
Service-condition tests
15 9.2 Verification of full concrete capacity Tension-single anchor with two — Low hmin dm 4
in corner with two edges located at edges located at 1.5hef
1.5hef
16 9.3 Minimum spacing and edge distance High installation tension (torque — Low hmin dm 5
to preclude splitting on installation or direct) — two anchors near
edge
17 9.4 Shear capacity of anchor steel | Shear-single anchor with no edge 0.012 (0.3) Low > himin dm 5
influence
18** 9.5 Seismic tension Pulsating tension, single anchor, 0.020 (0.5) Low > hmin dm 5
with no edge influence
19** 9.6 Seismic shear Alternating shear, single anchor, 0.020 (0.5) Low > hmin dm 5
with no edge influence
20** 9.7 Torque test (Optional) Effect of torque on anchor — High > hmin dm 5

19




| | tension force

*Minimum sample size for each anchor diameter, unless otherwise noted.
tTests are not required if the conditions in 8.7.1.1 are fulfilled.

tPerform tests to match those required in 8.7.2.1 or 8.7.2.2.

8Drilling diameters for undercuts are specified in Table 5.2.3.4.

#Test of undercut anchors use dm.

|| Test all diameters at minimum embedment, hef

**These tests are optional and only apply to anchors that have been tested in accordance with Table 4.2, Test Numbers 1-17.
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4e o~ 2| 180kg

3 32k REI VKL
™R 210kgf/cm?(C20/25) 350kgf/cm?(C35/43)
Pk R 236kgf/cm? (23.15MPa) 450 kgf/cm?(44.145MPa)
BR 184+2.0cm
% 20 0.40
B = T 19mm
®) e B W g 2.81
Fimjg et £ 2.63
SRR N 4 1.5%
kR Bk
B R A
Kk R ( # R 13
KR £ 3.15
KR E 100%
R 42.9%
kiR 159kg(2.943kN) 450kg(8.307kN)
T E B Okg(0)kN Okg(0)kN
TS Okg(0)kN Okg(0)kN
it 466kg(8.623kN) 752kg(13.881kN)
A ¥ 4 541kg(9.996kN) 1009kg(18.625kN)
'k 91kg(1.678kN) 176kg(3.249kN)
fert £ 1257kg(23.23kN) 2391.5kg(44.197kN)
(==
Lige ~ dopddn 02 ~ By~ k& o
24 £ I AR T 2 347~ HA BT T 30 E (3 A~ =605KG ; 6 A~ =404KG) ; X(7) T * &+ 5 F #)=46
3.2 7 5 1L.5%*(15L) -
4.CNS12891A1045 % fie & %3+ 3 & 5 & 100Kgf/em? 73+
St4ed * OB EH*L0%) ; FHE LR RFHABREVHRF D 200 24
6.CNS3090A2042 *. % & 10.0cm 2 + +4cm(2014 8 37) -
TokEpe R kB R Fa 2L B £ % 03050 F(VIDH 2.1.1% =
8.4 = 3 -k 175.5kg ;

)

i

£ 100% -

30



% 3-3C20/25#% R EAI RO LED LY 2
Unit : MPa
Date : 2022/05/27 Nominal strength : C20/25
Age Variation
Test date Sample 1 2 3 Average
(%)
2022/05/30 3 165.739 177.074 171.407 171.407 3.31
2022/06/03 7 231.028 212.206 217.281 220.172 4.42
2022/06/10 14 230.727 244.129 241.566 238.807 3.15
2022/06/17 21 v 254.938 257.790 279.043 263.924 4.99
2022/06/24 28 269.060 270.410 223.120 254.197 10.59
2022/07/15 49 254.272 259.081 256.678 256.677 0.94
2022/08/05 70 278.997 324.011 299.373 300.794 7.49
2022/08/25 920 313.796 255.178 271.792 280.255 10.78
2022/11/15 174 Cl1 323.006 285.347 270.219 292.857 9.28
2022/11/15 174 C2 256.036 249878 250.630 252.181 133
Date : 2022/02/08 Nominal strength : C20/25
Test date Age Sample 1 2 3 Average Variation (%)
2023/02/11 3 130.868 125.591 128.456 128.305 2.06
2023/02/15 7 239.970 226.676 229.437 232.028 3.02
2023/02/22 14 241.940 232.506 265.654 246.700 6.92
2023/03/01 21 v 303.988 306.575 308.199 306.254 0.69
2023/03/08 28 353.360 330.376 334.868 339.535 3.59
2023/03/29 49 336.726 325.287 320.218 327.410 258
2023/04/19 70 317.208 314.094 335.448 322.250 358
2023/05/09 20 319.871 321.262 293.562 311.565 501
2023/05/24 105 C1 273.903 313.024 239.568 275.498 13.34
2023/05/24
2023/06/10 122 C3 230.173 242.850 257.938 243.654 5.70
Date : 2022/04/06
Nominal strength :
C20/25
Test date Age 1 2 3 Average Variation (%)
2023/04/09 3 117.766 121.931 131.525 123.741 570
2023/04/13 7 Sample 166.384 184.013 192.554 180.984 737
2023/04/20 14 Y 218.407 230.952 192.265 213.875 923
2023/04/27 21 239.464 245972 246.110 243.849 1.56
2023/05/04 28 280.199 270.315 257.531 269.348 4.2
2023/05/25 49 240.824 242.144 290.848 257.942 11.05
2023/06/10 65 C1 184.579 209.389 203.272 199.08 6.49

Note : ID = Serial number ; Y = Cylinder ; C = Drilled core
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% 3-AC35/3RHRAI BRE R HEI Y E

Date : 2022/07/08 Nominal strength : C35/43

Test date Age Sample 1 2 3 Average Variation (%)
2022/07/11 3 263.122 278.588 307.897 283.202 8.03
2022/07/15 7 318.616 334.957 331.812 328.462 2.64
2022/07/22 14 322.073 343.623 326.765 330.820 3.43
2022/07/29 21 v 346.871 356.977 360.386 354.745 1.98
2022/08/05 28 378.061 395.305 355.116 376.161 5.36
2022/08/26 49 406.564 398.488 322.248 375.767 12.38
2022/09/16 70 363.035 394.157 425.774 394.322 7.96
2022/10/06 90 405.801 381.468 381.468 395.969 3.61
2022/11/15 131 Cl 406.592 424.117 423.924 418211 241

Date : 2022/10/06 ; Nominal strength ; C35/43

Test date Age Sample 1 2 3 Average Variation (%)
2022/10/09 3 272.094 272.014 276.455 273521 0.93
2022/10/13 7 337.788 343.416 322.830 334.678 317
2022/10/20 14 353.022 354.234 372.325 359.860 300
2022/10/27 21 Y 376.685 365.320 354.086 365.364 300
2022/11/03 28 385.854 364.602 374.662 375.039 283
2022/11/24 49 402.600 411.061 413.684 409.115 142
2022/12/15 70 487.031 427.657 420.563 445.084 8.2
2023/01/04 90 430.149 460.926 397.611 429.562 737
2023/06/10 247 C1 316.062 281.998 304.191 300.750 5.75

Date : 2022/10/18 Nominal strength : C35/43

Test date Age Sample 1 2 3 Average Variation (%)
2022/10/21 3 327.262 328.691 320.785 325.580 1.29
2022/10/25 7 379.631 369.669 365.879 371.726 1.01
2022/11/01 14 375.201 395.601 397.543 389.448 3.18
2022/11/08 21 v 429.894 450.006 435.870 438.590 2.35
2022/11/15 28 450.265 442.638 438.551 443.818 1.34
2022/12/06 49 479.613 507.437 510.229 499.093 3.39
2022/12/27 70 525.929 534.719 505.221 521.956 2.90
2023/01/16 90 515.562 483.522 489.363 496.149 3.44
2023/04/21 186 Cl 489.756 401.593 480.561 457.303 10.6
2023/04/26 191 C2 493.046 529.255 459.069 493.790 7.11
2023/05/10 205 C3 408.041 476.060 486.143 456.748 9.30
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siEs
SERGRBRA 1T RSk ¢ 46 MY F4E 4L~ C20/25 % C35/43 R A B B AR ED

B A j-\,{j R FELe = a#4 2 H5 lbﬁ’fg 55 |2§%7§\AC|3554’J:QLE,% "lﬂ (i

HE R RFRES 0 AT E 8 H e ff 4% % & (bonding strength) - *t T 33
AR
— “HA I B 548~ C20/25 2 C35/43 iR 3 B A e B A K AL ) & PR R
#A - B4 S5~ C20/25 R AR A AR ARG 2 FRE S 106
BSE AR ESR S R BT W] 330 o RSB AE T S A TR 2
FECERESE G FAERA S F YRGS ERENFER L 8RB E LR
RFSE RS B EFH TR 342 4 35 o REEIRE T LS
CESHE G AR R ACI R ER AT S S dor £ 360 HE =
% AbRE S R A B 5 14.405N/mm? 2 15.474N/mm? » ¢t 48 85 8 =5 ff Ak
R RER AT R E SRS fk R ION/mm? > Bow b 1 B SRS
Mg B RS RESN A A RES B S PUR
iz o #4F g e~ B C20/25 82 e~ iFR 5 10 B
EARAAERRESE B 352 £ 377 0 o BB ET S M0
PO HEPRPEC RS FEIRERRR Y 24% 0 H ixg FAES R AR
ACI:=R BER| 2455 % 4o 4 3-8 HH =g faL%% & 5 7.152N/mm? -
d SRR IR T 0 RN E G FAEPARSR R MK S 52% o
ESHE G fiRgn Rk ACIER 24155 % » @208 LRFR R &
1ION/mm? » 4 5 s A 20 A BARET R ERF T RE L 2R
B BTl o
#4 - B4g s54e » C35/43 R IR s BAKREE »FR L2 T 1
BARAFERREFHE TR 36 & 3-9% £ 3-10 0 J R EILE T
Sap Rt HE o FARRRA S 16.129N/mm? - P 4E 85 H o fE AR
SR R ] A 478 R A g & 5k B 14.5N/mm? > BT 1L B4 8

EEMRF2 B R HA G S~ B AR C35/43 R N M IR R
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STREERAFERRE SR 372 4 311° - RHEBHT
et Eig fALSR RS ACIZR BER A4t % 47 £ 3120 2
H =6 fA%% A 5 11.83IN/mm? > & & A% &R & £5 A 145N/ mm?
d PSRRI T ARHE R FEBARERARE MY 27T% 0

SRR RARET B AP R AR LR ERRERFG -

S ~#b - B4 s 4E » C20/25 2 C35/43 iR 4 & B e B ALK i B A Fuk ik
H5 (L B4 S5 4e » C20/25 R 584 iR Rt AR AR A~ FR L 81

PSR A SRR S R AT 3-8 £ 3132 4 314> HE -5 AR
58 & 12.857N/mm? » o4& 55 AL %S5 B WG R i R 10N/mm? » % 7
BT B R L E R B R R4 B S AR Ry 5 M S #5
LB S5 o~ Bk s C20/25 R E 3 0~ R A 5 10 B B T B & FsE R
SRR CH 39 43152 £ 3167  HEH =5 FALHA L
6.086N/mm? » £ A {5 & RfE R K5 o #5 1+ F 4 04E ~ CIB/MB ARG
R B ARG NIRRT B E TR LRSS % M om T Bl 3-10 -
#3172 4 318> HH =5 fFAR%% & 5 19.776N/mm? » 4 & £ w208
2 & R HS B s~ BAGKR A C35/43 R E I e 0 FR G T R E D
Bl a ik dse 257 B 3-11~ £ 3-192% £ 3-20° > 2 H =5 f4L%
58 B % 10.672N/mm? » Z { = B RS ficdpim R b L B 6 o
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Test data 2022[06[29
 f'c=20.6Mpa |
f'y=412. 02Mpa (41

e an cam arce o

B 3-3#4 1 £ 5548 » C20/25 ;R % 2 10d m& z«" M 1/1a s ® %
(2022/06/29)

1/1a-#4-8d
Testdata: 2022[07[06 | 1 I1a # 4 8d Test data:20230507
f'c=20.6Mpa v f'c:20.6Mpa
> f’y:412.02Mp v

f'y=412.02Mpa £

W 3-4#4 = i B4 54 » C20/25R %2 8dHE »iER 2T 1 Ulais® &
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4 35#4 - v B 54~ C20/25 R %2 8dE »iER £ Y M 1/la & 3| Ik 2%
RE

#4 v B4 s~ C20/25 R 5% B ~ iR AR S 1 Ula L dsk sk & £ (#1 2022.7.6)

. Displacement | Displacement
Ultimate load, ;
Test ID No.or Item N @ failure load.| @ 50% mean F.M. Concrete strength(MPa)
n i d(mm) failure load. &
1/1a-#4-8d-01 79.371 7.838 0.9234 PF
1/1a-#4-8d-02 79.821 7:91 0.2257 PF
1/1a-#4-8d-03 83.367 6.771 -0.325 PF 26.177
1/1a-#4-8d-04 76.922 5.594 -0.3707 PF
1/1a-#4-8d-05 85.032 24.612 2.8366 PF
1/1a-#4-8d-06 71.58 6.806 1.4264 PF
Average 79.349 9.922 0.786
Standard deviation 4.376 6.615 1.120
Variation (%) 5.52% 66.67% 142.42%
Notes: PF = pullout failure, WF = welding point failure, hef = 102mm, Ase=4053.660

#4 i F 48 5548~ C20/25 R 584 8d 4 ~ FA %% 1 Ula L | Fusk sk & & (#2 20235.7)

. . Displacement-
Ultimate- | Displacement- _
) (@50% mean- Concrete-
TestID No.or Item+ load. N, | @ failureload. . F.M.«# Remarks
. failure load. - strength(MPa)e
o d(mm)~ .
: 80.5 Nu{mmM
No.5-#4-8d-01+ 7570+ 8.045+ 04286+ PF+# Deletes
No.5-#4-8d-02¢ 85.841+ 15194+ 0.0227# SFa a
No.5-#4-8d-03¢ 84.751+ 15179+ 0.2192# PF+# a
No.5-#4-8d-04¢ 853624 16341+ 00545+ PF~ a
No.5-#4-8d-05¢ 84.899+~ 15.548» 00839« SFa a 34.788¢
No.5-#4-8d-06¢ 85.85¢ 15637+ 01130« PF# a
No.5-#4-8d-07¢ 83.25¢ 11.375# 00543« PF~ a
No.5-#4-8d-08« 85287+~ 15004+ 00221« PF~ a
No.5-#4-8d-09¢ 83927~ 10983+ 0.0307« PF~ a
Averages 84.896+ 14.408+¢ 0.075¢
— Age(day)e 116+
Standard deviationd 0.855¢ 1.905¢ 0.062¢
Variation-(% )+ 1.01%% 13.22%¢ 82.49%« uncarke
Notes: PF=pullout failure, WF-=-welding-point failure, hef =101 6mm, Ase=4053.660mm?2+
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% 3-6#4 - it FHE 514 » C2025R58 2 8dfE »iFR ACI ¥ 1 la@dsk ¥4

#4 1 4E 554~ C20/25 iR R4 8d 45 » iF A ACH %4 14 la & 4| {EHsk s
%f A (#1 2022)

ACI 355.4 Test program No. 20220706 1/1a-#4-8d

Fytesti (KN) 65.822
AL T RAE R E o (MPa) 20.6
LB £ T34 58 B ftese s (MPa) 26.177
H M IEANREhey (mm) 102
EReth 0.887
ERACHERE Feos (KN) 58.392

A, (mm) 4053.660

Trer,s. (N/mm’) 14.405

5N, (KN) 65.822

12.562

k value

3/1b-#4-10d "
Test data: 20230421 R
f'c:20.6Mpa
f'y:412.02Mpa

W) 3-5#4 v B s 4~ C20/25 B &

(2023)

39

SRR A A (#2 2023)

#4845 545 ~ C20/25 0552 8d 48~ iER ACI 2% 1 la d 4114

ACI355.4 Test program No.+ No.1-#4-8d4
RBREFIGEERTEE foni(Mpa)e 20.6¢
RELEEGTFHEE furma(Mpa)| 34.788¢

B3 A No(kN)e 81.514¢

EFLEEEE Foas (KN 62.728¢

844 SME - do(mm)e 12.7¢
#HIEANRE he{mm)o 101.60
Ase(mm?)e 4053.660- |
ESEibh 0.770¢
Tyop - (N/mm?2)e 15.474¢
kvalues 13.495(N.A.)

"
;.
-
!
7§

= -
)
)
v}

2 10d £ B %% 1 3/1b
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£ 3-THA B4 » C20/25 H xRS 10dE » iR £ 12 13 % & £

(2023)
Displaceme |
Displacement
Ultimate nt @ Concrete
Test ID No.or @ 50% mean
load, N, failure F.M. | Remark | strength(MPa
Item failure load,
(kN) load, )
00.5 Nu (mm)
o(mm)
No.3-#4-10d-01 67.543 10.049 0.1612 PF
No.3-#4-10d-02 53.537 1.911 0.0613 PF | Delete
No.3-#4-10d-03 54.682 2.528 0.2884 PF
No.3-#4-10d-04 62.459 5.798 0.0780 PF 33.512
No.3-#4-10d-05 62.386 4.023 0.2752 PF
No.3-#4-10d-06 66.666 18.721 0.1123 PF
No.3-#4-10d-07 62.707 4.289 0.0425 PF
Average 62.741 7.568 0.160
Standard Age(day) 106
o 4.156 5.514 0.094
deviation
Variation (%) 6.62% 72.85% 58.65% crack

Notes: PF = pullout failure, WF = welding point failure, hef = 127mm, Ase=5067.075mm?
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3 3-8H#A M EHE 4 » C20/25 xRS 10d4E » ER ACI 23 ¢ 1b/3 5% 4%

=2
ACI 355.4 Test program No. No.3-#4-10d
Rt TR AR % A fomi (Mpa) 20.6
ML PRt T 9% R fuesi (Mpa) 33.512
F 15 & No(kN) 46.296
I 58 R Froer s, (KN) 36.299
&1 b 2 da(mm) 12.7
7 23 R R hef(mm) 127.2
Ase (Mm?) 5075.054
i ﬁfﬁib e i o 0.784
Trer,r, (N/Mm?) 7.152
k value 5.575(N.A.)
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2/1c-#4-7d
Test data:20230521

f'c:34.3Mpa

f'y:412Mpa

B 3-64#4 1V B4 554 » C35/43 0% 7d# ~ iER

”

[

S 4 102 ok B »

43044 EE s~ C35/43 0582 T~ FR 2L 1 1c2 BRI L 2

. Displacement-
) Displacement-
Ultimate load,- i @-50% mean- Concrete-
Test ID'No,or Iteme (@ failure- . FM.- | Remarks
Nu gy - failure-load, - strength(MPa)e
load, -8(mm)- | _
60.5 Nu {mm)

No.2-#4-7d-01- 83.003~ 10.044- 0.0140- PF- a

No.2-#4-7d-02¢ 75.089¢ 6.351 0.0490 PF+ E

No.2-#4-7d-03- 79.763~ 8.394- 0.0680« PF- a

No.2-#4-7d-04» 70.764¢ 5.318« 0.0060~ PF- a 12,863

. a

No.2-#4-7d-05¢ 74.836¢ 6.061+ 0.03400 PF« E

No.2-#4-7d-06+ 79.661~ 8.519« 0.0330- PF~ a

No.2-#4-7d-07¢ 84.054¢ 11.524¢ 0.32300 PF« E

No.2-#4-7d-08« 81.746¢ 8.67¢ 0.0060- PF- E

A 78.615 8.110 0.067
veraee - - - Age(day)e 239«
Standard-deviatione 4.322¢ 1.970» 0.099.
Variation (%)e 5.50%- 24.29%. 148.54%- uneracks

Notes: PF =-pullout failure, WF =-welding point-failure, hef =88.9mm, -Ase=3546.952mm?-
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4 3-10#4 1« B4 8548 » C35/43 R %2 7Td 4 » iBR ACI 23 1 2/lc % & 4

ACI 355.4 Test program No. No.2-#4-7d

R TR R R fon (Mpa) 34.3

AL FARHEE T 3995 R fiesi (Mpa) 42.863

#1258 & Np(kN) 63.921

T #4258 R Frege r, (KN) 57.210
A ?H g da(mm) 12.7
3 7732~ E R he(mm) 88.9

Ase (Mm?) 3546.952
DL MRS (S 0.895
Tref,r. (N/Mm?) 16.129
k value 11.648(N.A.)
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5/1d-#4-7d =
Test data:20230502
f'c:34.3Mpa
f’y:t}'1 2.02Mpa

W 3-7#4 £ 54 CI/MA3HRRES T3~ FR 221 1d5 =% B &
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% 3-11#4 " B st » CI5/43FRiRES 7TdHE > FA ST 15 E%HELR 4

. Displacement @
Ultimate load Displacement 50% mean Concrete
Test ID No.or Item ’| @ failure load, | . . o F.M. | Remark
N g failure load, 0.5 strength(MPa)
S(mm)
Nu (mm)
No.5-#4-7d-01 64.944 4.008 0.018 PF
No.5-#4-7d-02 50.178 3.87 0.0149 PF delete
No.5-#4-7d-03 71.106 6.591 0.4852 PF
No.5-#4-7d-04 60.925 4.092 0.1058 PF 43,031
No.5-#4-7d-05 59.568 3.519 0.0681 PF .
No.5-#4-7d-06 64.585 4.406 0.1766 PF
No.5-#4-7d-07 57.715 3.717 0.0637 PF
No.5-#4-7d-08 65.957 4.239 0.0135 PF
Average 63.543 4.367 0.133
Age(day) 220
Standard deviation 4.187 0.949 0.153
Variation (%) 6.59% 21.74% 114.82% crack
Notes: PF = pullout failure, WF = welding point failure, hef = 88.9mm, Ase=3546.952mm?
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4 3-12#4 B4 8145 » C3543 B XA EI 7dH »FR ACI £% 14 1d5 3% 4

&3
ACI 355.4 Test program No. No.5-#4-7d
Rkt TRk & fomi (Mpa) 34.3
AR AT 395 R fueri (Mpa) 43.031
55 B Np(KN) 46.976
T §F I 5 R Froer, s, (KN) 41.962
G 772 da(mm) 12.7
3 238~ R A he(mm) 88.9
Ase (MM2) 3546.952
i ET%?L % #c 0.893
Tref,r, (N/Mm?) 11.831
k value 8.544 (N.A.)
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2 ‘l
1/ la-#S 8d

Test data:2022/09/17 £
f'c=20.6MPa
f'y=412.02MPa

.‘- P it
v &
Preyd Py ‘e

W 3-8#5 i a2 4 » C20/25 R 58+ 8d & » )i’g‘»"ﬁlallpé%%

4 3-1345 1 B i > C20/25 582 8d 18> SRR 44 1o/l 5% L 3
. Displacement @
. Displacemen o .
Test ID No.or Item Ultimate load, t @ failure 50% mean failure EM. Remark Concrete strength
Ny load, 0.5 Nu (MPa)
load, 8(mm)
(mm)
1/1a-#5-8d-01 112.785 4.2275 0.5109 PF
1/1a-#5-8d-02 130.247 7.901 0.5015 PF
1/1a-#5-8d-03 129.925 7.9025 0.5795 PF
1/1a-#5-8d-04 136.033 9.7615 0.7792 PF
30.604
1/1a-#5-8d-05 119.904 6.3385 0.44136 PF
1/1a-#5-8d-06 119.841 8.09 0.55955 PF
1/1a-#5-8d-07 121.097 6.828 0.55655 PF
1/1a-#5-8d-08 114.604 3914 0.4339 PF
Average 123.055 6.870 0.545
Age(day) 55
Standard deviation 7.651 1.870 0.102
Variation (%) 6.22% 27.22% 18.63% uncrack

Notes: PF = pullout failure, WF = welding point failure, hef = 127mm, Ase=6353.808mm?
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% 3-14#5 1 B354 » C20/25R 5% 2 8dE » 7B ACI ¥ la/l #%H K4

ACI 355.4 Test program No. la-#5-8d
g T IR AR % R fomi (Mpa) 20.6
MR R PTI98 R fuedi (Mpa) 30.614

#1258 B Np(kN) 99.582
B RF SR Fregr s, (KN) 81.689
Ay 42 da(mm) 15.9
F 23~ JF R he(mm) 127.2
Ase (MM2) 6353.808
Tref,r, (N/Mm?) 12.857
k value 12.545(N.A.)
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= 4/1b-#5-10d
Test fast:20230424
=2 ape § 1'¢:20.6 Mpa
Wy
A

> -

W 3-9#5 i B4asi4g » C20/25 B xR E2 10dE > iFR £ F L 4lb %R 5 (7

samples)
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4 3-15#5 i 48 5548 » C20/25 ;R 584

10d £ > iF R 5% 1 1b/4 5% F & £

. Displacement @
Ultimate load Displacement @ 50% mean failure
Test ID No.or Item ’ failure load. F.M. Remak Concrete strength(MPa)
Ny gy load, 80.5 Nu
&(mm)
(mm)
No.4-#5-10d-01 126.618 27.727 0.1152 PF
No.4-#5-10d-02 91.658 19.07 0.2432 PF
No.4-#5-10d-03 80.152 12.388 0.0396 PF Delete
No.4-#5-10d-04 107.712 4.693 0.0498 PF 32.613
No.4-#5-10d-05 104.667 33.797 0.0584 PF
No.4-#5-10d-06 122.013 26.392 0.7788 PF
No.4-#5-10d-07 70.837 0.998 0.0157 PF Delete
Average 110.534 22.336 227.146
Age(day) 106
Standard deviation 12.563 9.988 25425
Variation (%) 11.37% 44.72% 11.19% crack

Notes: PF = pullout failure, WF = welding point failure, hef = 159mm, Ase=7942.260mm?
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% 3-16#5 1 F4E 5548 » C20/25 B xR 5E 2 10d 42~ 5E AR ACI % 1 1b/4 3% 4

&3
ACI 355.4 Test program No. No.4-#5-10d
Rkt TRk & fomi (Mpa) 20.6
AR R T 395 R fueri (Mpa) 32.613
35 B Np(KN) 60.822
TR 58 R Fregey, (KN) 48.340
G127 JE da(mm) 15.9
3 238~ R A he(mm) 159
Ase (MM2) 7942.260
i ET%T“ % #c 0.795
Tref,r, (N/Mm?) 6.086
k value 5.312(N.A)
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Sl e R o/1c-#5-7d
¥ Eor: por - Test data:20230521

f'y:412Mpa

W 3-10#5 i* B4z 5548 » C35/43 R 2 7dE »iFR %% 1L 1c/2 #% R ¥
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% 3-17#5 1 §4g 5248 » C35/43 /R 3¢ 2

Td{E > iFR $5 1 102 3354 & 4

Displacement
Ultimate load, Displacement @ @ 50% mean Concrete
Test ID No. or It F.M. R k
es o-oritem Ny failure load, 86(mm) failure load, emar strength(MPa)
60.5 Nu (mm)
No.2-#5-7d-01 126.32 10.464 0.0590 PF
No.2-#5-7d-02 127.556 10.375 0.2890 PF
No.2-#5-7d-03 130.185 11.604 0.0250 PF
No.2-#5-7d-04 131.453 12.164 0.0630 PF
43.245
No.2-#5-7d-05 129.575 11.489 -0.0050 PF
No.2-#5-7d-06 128.227 10.279 0.0120 PF
No.2-#5-7d-07 128.136 10.045 0.1910 PF
No.2-#5-7d-08 130.956 12.24 0.30580 PF
Average 129.051 11.083 0.118
Age(day) 239
Standard deviation 1.665 0.833 0.119
Variation (%) 1.29% 7.52% 100.63% uncrack

Notes: PF = pullout failure, WF = welding point failure, hef =111.3mm, Ase=5559.582mm?
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% 3-18#5 1« F4E 3548 » C35/43 R 52 7TdHE»FR ACI 23 1 1c2 Bk ¥ 4

ACI 355.4 Test program No. No.2-#5-7d
R TR AR R A fon (Mpa) 34.3
ML R T IO% R feti (Mpa) 43.245
5% B Np(kN) 123.391
iR A Fiest s, (KN) 109.948
G2 h IS da(mm) 15.9
3 238~ R A he(mm) 111.3
Ase (MM2) 5559.582
i fF it Tl 0.891
Trer.r, (NIMM?) 19.776
k value 15.980
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6/1d-#5-10d
Test fast:20230429
f'c:34.3 Mpa

f'y:412.02 Mpa

B 3-11#5 1 S 8545 » C35/43 B RiRE4 7TdH » iER 24 1 1d/6 5k & &

% 3-19#5 * F{E st » CSMAI HRREL TdHE > FRF%{FE L £(G2)

Displacement|
- 0,
Test ID No. or Ultimate Dlsplacfement @ 5 0% mean Concrete
Item load. N @ failure | failure load, FM. Remark strength(MPa)
D oad, S(mm) | 80.5 Nu J
(mm)
No.6-#5-7d-01 94.271 5.852 0.0333 PF
No.6-#5-7d-02 93.418 4.696 0.3108 PF
No.6-#5-7d-03 8§2.319 8.865 0.17 PF
No.6-#5-7d-04 52.145 0.725 0.0223 PF Delete 43.669
No.6-#5-7d-05 94.201 20.541 0.1143 PF '
No.6-#5-7d-06 107.817 13.527 0.6045 PF
No.6-#5-7d-07 69.766 16.292 0.3663 PF Delete
No.6-#5-7d-08 61.323 1.011 0.0622 PF Delete
Average 94.405 10.696
Standard deviation|  8.087 5.792
Variation (%) 8.57% 54.15%
Notes: PF = pullout failure, WF = welding point failure, hef = 111mm, Ase=5559.582mm’
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3 3-20#5 - B si4E » CI5M43 BB RS 7TdH »FR ACI 2% 14 1d E5%k % ¥ 4

ACI 355.4 Test program No. 2023/04/29 6/1d-#5-7d
Fytesti (KN) 66.910
ARt T IR % R fom,: (MPa) 34.3
B2 FER AT I9% K fy test,; (MPQ) 43.669
7 3~ ER b (MM) 111.3
R RS 0.887
B RF I FSE R Fres s, (KN) 59.329
Ase (MM?) 5559.582
Tref, . (N/Mm?) 10.672
#1458 A N, (KN) 66.910
k value 8.623 (N.A))
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S HEIHATAUARRERELIERE T

Pt E e R EHA AT e S Ayt » C20/25 R 2 RS A R A &
BAKRERRAZ AR AR RZRETILITES > T LB E SRS
FAEENT 5 N AT A A A FHS I R GRS > Fp T L5 3T R

5 G R 1 5 R R T S -

-~ HARTANR R SRR E TS
O #4 F7A4 R 4E S AriatE » C20/25 A B AR E S RN FR R E R R
B 18B3N/mm? » < R g8 Rig > 2 ANHA S G RERER
O #4149 4w 85 gratE » C20/25 A B A B2 B AR R 2 m )N Fsk Bk i
15 & k-value » %] 5 104 2 7.29 > 157 LR 8 R o

oo~ #5ETAIR R iatE 545~ C20/25 R 51 Rk B E

T R AHS FTANR N S tE » C20/25 AR A BB AR ES &
RFIPUR BRI IS » AT N FH5 I R B4R — & 5] C20/25
FBHRRI BAFIFR RS BREEE TR 3125 4 321 ¥
ACI355.2 ¥» EOTA EAD330232 %15 B p| & 7 45 % B o7 3 4 3-22 5 3¢+
ACI3SS.2 iz BR st is R g r l g gy fa  KHE 5 9.8 32T ¢
g & RK4g 10.0 5 ¥ R 4E 5 4yt C20/25 R G 2 poR it Pl ok 4 1 ARk
o % AClIZ2 EOTA=R B R~ 475 % » % & 78.794kN £ 76.698kN -
RAIFLR B A 1752 % > EOTAZ A 458 ACI 5 %= o #5047 X 48 §5 4y te
» C20/25 B iR 383 B A F13Lsk % > 2% SR M7 R 3-13 2 £ 3-23
#* ACI355.2 22 EOTA EAD330232 312 B A~ 45 & % B m 3t 4 3-24 5 3=
FEMNSPTEFRETIINE SR N KIE S 6635 AW RTRFE R
71 d BHREFET LA FES G L F R 2 IRED BRY

REETN > MBEY o

57



Test Date:2023/05/22 #5 20-N-2 (1IA1) 1
fc'=20.6 MPa | "¢ ” ¢ - — ’
fy12.2 MPa

e L =
% TruR,
by 4 ¥
PR EN T

Wl 3-12 #5 37240 245 S4B iE » & B Z) C20/25:% 583 8 » J A 201mm (13d) %
FTIAL & L FlskiEs R 5

2
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% 321 #5 AT R E SR > AR Z C20/25 5 3 & » A 201mm (13d) %
F (VAL & d#l4ikids%k f B 4 fc© =28.042MPa

Test ID No. or Ultimate Displacement Displacement F.M Mean Concrete failure
Item load, Nu @ failure load, @ 50% mean concrete cone dimensions(mm)
(kN) &(mm) failure load, strength
8o.snu(mm) (MPa) Length Width Depth
#5-1-20-N-1-1 133.802 6.827 0.357 CF 28.719 428 378 46.1
#5-1-20-N-1-2 115.423 7.206 0.490 CF 129 118 28.5
#5-1-20-N-1-3 132.705 14.482 0.381 SF - - -
#5-1-20-N-1-4 136.883 6.039 0.296 SF - - -
#5-1-20-N-1-5 123.514 4.039 -0.004 CF 152 121 26.5
#5-1-20-N-2-1 119.34 4.394 0.6573 CF 159 156 40.79
27.026
#5-1-20-N-2-2 100.88 6.976 0.5998 SF - - -
#5-1-20-N-2-3 100.24 7.912 0.9355 SF - - -
#5-1-20-N-2-4 115.71 5.623 0.9379 CF 308 244 12.46
#5-1-20-N-2-5 99.894 8.930 0.7426 SF - - -
Average Note:
117.839 7.243 0.539 ACI1355.2 TEST1/EOTA EAD 330232 Al
#5 /210 / uncrack concrete / unconfined test
Standard Rnom = 201mm, h,; = 150.5mm
deviation #5-1-20-N-1
14.153 2.951 0.296
fc’=28.719MPa
concrete age=173days(111/05/27-111/11/16)
Variation(%) #5-1-20-N-2
fc’=27.026MPa
concrete age=105days(112/02/08-112/05/24)
12.01 40.75 54.93 *CF = cone failure
*SF = steel failure
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£ 3-22#5 AP BRI S 4R > A A C20/25 R % 2 #£ ~ iF A 201mm (13d) &

FTHOUADR KRBT RE2

ACI 355.2
Test program No. #5-1-20-N
G e 0
fc,m,i (MPa)
G AR
28.042
fu,test,i (MPa)
4 T H xR
posmr FER 150.5
hes (mm)
BB
N, (kN) 95.748
Y ak % #c 0.857
B g R
N, (kN) 78.794
k value 9.793

~

fc'=20.6MPa

Test Date:2022/11/15 72’*- <) #5-3-20-C-1 |
5 *

fy=412.2MPa *

e X . R
.»' % e AR

B 3-13 #5 3731 R4 S4B dE » B 2 C20/25 R 582 8 » 72 A& 201mm (13d) £

k. [ \()

£

EOTA EAD 330232
Test program number 5-A1-20-N
TR RS R 206
fex (MPa) '
> :E\—! =] m}— 22,
RS R R 28.719
fe,r (Mpa)
A7 dp sk 5 R
121.558
Fyt (kN)
Ao It ML BSR4 5
B 95.748
N0 (KN)
rqd. a 0.8
Fulill o &€ E = e d ok LY
N (kN) 76.698
Rk,p

Test Date:2023/05/21
fc'=210MPa
fy=412.2MPa

— BN

1 (3/A3) & R FHiskFR R &
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% 3-23#5 ATAA R S 4R » B A C20/25 85 2 £ A 201mm (13d) 2%
1 (3/A3) & d FlFLikE%k K4 fc =28.76MPa

Test ID No. or Ultimate Displacement Displacement F.M Mean .
. Concrete failure cone
Item load, N @ failure load, @ 50% mean concrete i .
u . dimensions(mm)
(kN) ) failure load, strength -
(mm) 8y (MM) (MPa) Length Width Depth
#5-3-20-C-1-1 98.358 4214 0.603 cF 268 242 | 533
#5-3-20-C-1-2 114,007 4564 0.159 cF 24.739 381 314 | 541
#5-3-20-C-1-3 119.274 7.360 2560 cF 192 181 334
#5320-C14 1 434138 7641 0505 cF 218 213 | 413
#5-3-20-C-2-1 91.799 3.754 09076 cF 106 63 | 3667
#5-3-20-C-2-2 89.719 3313 0.0525 cF 3278 325 158 | 2637
#320C23 1 100064 4.844 10076 cF 218 211 | 1235
#5-3-20-C-2-4 64.197 3.459 0.0015 cF 308 244 | 1246
Average 102.552 4.675 0.882 Note:
ACI 355.2 TEST3/ EOTA EAD 330232 A3
Standard 5.726 1.426 0.908 #5/210/crack concrete / unconfined test
deviation Rpom = 201mm, h,y = 150.5mm
#5-3-20-C-1
Variation(% fc’=24.739MPa
ariation(%) concrete age=173days(111/05/27-111/11/16)
11.63 14.01 48.71 #5-3-20-C-2
fc’=32.78MPa
concrete age=105days(112/02/08-112/05/24)
*CF = Concrete cone Failure
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‘\\‘° 3 \

% 3-24#5 #TA A XL M 4rE » B A C20/25 R 38 4 45 ~ jF A 201mm (13d) %4 42
(B/A3) & & FIHnk Bk A 1T R E 2

62

Test program number 5-A3-20-C
Test program No. #5-3-20-N
AR RS R 20.6
R RALR A fex (MPa) '
£ MPa) 20.6
ot PR FUR R R 75 858
RS R A fer (Mpa) '
. MPa) 28.759
weesti LV 0 Ao AR 5 R 109,064
4 s~ ER Fye (kN) |
h, s (mm) 150.5
ef RN AL $ e
Pt & R 65.691
65.691
Ny (kN) Ngi.o (KN)
I i i 0.846 rqd. o 0.7
LR i iaE R P R U 5 B
N, (kN) 99.59% NN 45.984
Rk,p
k value 6.635




Jui

~ H#SATAIE R G E 8548~ C35/43 iR R 2 RS B

AT ORI AHS FTANR R S 4y fate » CISMI AR BB AR R &
RAPFRRHR BT LTRSS » AT HFH5 R X8 S 4 iatE » C35/43
B ARES KR R PR RS E T SR 3-14 2 £ 3250 F ¥
ACI355.2 22 EOTA EAD330232 3= i3 # p| A 7 5 % BE 7 >0 4 3-26 5 $ *
ACI355.2 37 1% M B] & 49 & B a7 38 R4 & a0 K48 5 10.583 0 1 & 4
& 48 10.0 5 ¥ 4% R 4E 5 45t C35/43 R 4 2 It 11 o Bk 1E sk 5
B oo A w i 114.498kN 22 97.285kN » EOTA 2 A 53 ACI 4 %= o #5198 %
1o 55 dyiate » C35/43 B iRt & A F|Fskid% » F%R % F T H 3-
15 2 4 3-27 > #* ACI355.2 22 EOTA EAD330232 3= 1% # || A 45 % % & 77
4 328 R ER AT EARE SR K S 6.046 0 224
BORFL R TL d BRpEHT o A FES L F R 2R

P EE TR FS L TR S
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fc'=34.3MPa . |
fy=412.2MPa ;

W) 3-14 #5 #73 J!—,‘I R 5

4 3-25#5 A7 R SSArRdE ~ AP 4 C35/43 2% # ~ ;£ 201mm (13d) £

Test Date:2023/04/19
", b

F RS TR akf:é 5| C35/43 R34 45 ~
F I (2IA2) & A FlFRBHR R 5

#5-2-35-N-1|

¥ Calts ‘1‘3

fc'=34.3MPa )
fy=412.2MPa )
.

3

Test Date:2023/06/06 | L B o 1{5&235«-3\
{ v\ G-

R 201mm (13d) %

¥ B (2/A2) & R4k % 4 K4 fc =37.18MPa
Test ID No. Ultimate Displacement | Displacement F.M Mean .
. Concrete failure cone
load, N @ failure @ 50% mean concrete . .
or Item u ; dimensions(mm)
(kN) load, & failure load, strength
(mm) 8o 5nu(Mm) (MPa) Length | Width | Depth
#5-2-35-N-1-1 132.725 5.817 1.1001 CF 292 238 45.18
#5-2-35-N-1-2 132.900 6.542 1.0326 CF 44.855 251 284 45.07
#5-2-35-N-1-3 137.825 7.457 0.7020 SF - - -
#5-2-35-N-1-4 135.267 8.372 0.8464 SF - - -
#5-2-35-N-1-5 127.968 6.618 0.8445 CF 341 257 44.10
#5-2-35-N-2-1 134.447 6.325 0.521 SF - - -
#5-2-35-N-2-2 130.668 4.704 0.279 CF 252 249 11.34
#5235N-23 | 99.646 7481 0.155 SF 29.504 - - -
#5-2-35-N-2-4 98.646 9.000 0.582 SF - - -
#5-2-35-N-2-5 135.440 5.239 0.019 CF 351 319 39.09
Average 126.553 6.756 0.608 Note:
ACI 355.2 TEST2 / EOTA EAD 330232 A2
#5/ uncrack concrete / unconfined test
hpom = 201mm, hor = 150.5mm
Standard
o 14.698 1.346 0.367 #5-2-35-N-1
deviation fc’ =44.855MPa
concrete age=185 days(111/10/18-112/04/21)
#5-2-35-N-2
Variation(%) 1161 19.93 60.36 fc? =23.504MPa
concrete age=121 days(112/02/08-112/06/09)
*SF = steel failure
*CF = cone failure
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‘\\‘° 3 \

# 3-26#5 FTRIR R S 4rtE » A B A C35/43 852 ~FAR 200mm (13d) %%
M IA2)& K FIIRBFHRALAVTREZ

ACI 355.2 EOTA EAD 330232
Test program number #5-A2-35-N
Test program No. #5-2-35-N
ERR R FUR B R 343
R RALR A fer (MPa) '
PR 34.3
om! WARRRL TURER 38.712
R R A fee (Mpa) '
38.714
futest,i (MPa) SR 1 R
N 133.054
4 2B~ R R 1505 Fy¢ (kN)
hes (mm) Ao 1L FUSE B 5
Filrw R R 121.581
121.581
Ny, (kN) NRk,O (kN)
R i 0.942 rqd. o 0.8
I pF it idae B B R 5 R
N, (KN) 114.498 N &N) 97.285
Rk.p
k value 10.583
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Test Date: 2023[04[22 B
fc'=34.3MPa
- fy=412.2MPa

% 3-27T #5 R X St inife

.

Test Date:2023/05/04 ~
fc'=34.3MPa
fy=412.2MPa

#5-4-35-C-2(4/A4)

W)

?

B 3-15 #5 %73 ]L}lﬁL $4riaiE » B4 C35/43 %2 # ~ 72 A 201mm (13d) ;zi;

(4AD) & & $133E 85k B &

» B % C35/43 8 &

2 - > b —_
H(HA4) & R FI L5k ER R £ fC =46.624MPa
Test | Ultimate Displacement | Displacement F.M Mean .
. Concrete failure cone
1D No. or Item load, N @ failure @ 50% mean concrete . .
u . dimensions(mm)
(kN) load, & failure load, strength
(mm) 8o.5nu(MmM) (MPa) Length | Width | Depth
#5-4-20-C-1-1 77.029 2.205 0.0028 CF 106 132 29.26
#5-4-20-C-1-2 103.715 5.266 1.6296 CF 129 81 26.67
#5-4-20-C-1-3 88.227 4.052 1.0776 CF 48.441 197 184 32.35
#5-4-20-C-1-4 76.538 1.699 0.0333 CF 184 183 32.81
#5-4-35-C-2-2 89.106 3.325 0.5254 CF 189 123 33.68
#5-4-35-C-2-2 103.610 5.112 0.7322 CF 222 111 22.68
#5-4-35-C-2-3 96.946 4.492 0.4638 CF 44.807 258 241 28.77
#5-4-35-C-2-4 100.030 4.089 0.0841 CF 172 121 29.68
Average 91.934 3.78 0.596 Note:
ACI 355.2 TEST 4/ EOTA EAD 330232 A4
Standard #5/350/crack concrete / unconfined test
deviation 11.027 1292 0.569 hyom = 201mm, h.p = 150.5mm
#5-4-35-C-1
fc’=48.441MPa
Variation(%) concrete age=170days(111/10/18-112/04/26)
11.99 34.17 95.33 #5-4-35-C-2

fc’=44.807MPa
concrete age=204days(111/10/18-112/05/10)
*CF = Concrete cone Failure
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(4/A4) & R FIFRFH L TR F 2

% 3-28#5 #5 A\ 1R R{E sS4 iatE > B4 C20/25:8 58 4 4 » j2 A& 201mm (13d) 2% 1+

ACI 355.2 EOTA EAD 330232
Test program number 5-A4-35-C
Test program No. #5-4-35-C
AR 5 PR B R 213
R R R 213 fe. (MPa) |
fc,m,i (MPa) N g o s 2l
L e i['m[i R 46.261
RS R R 46,261 £, (Mpa) '
fu,test,i (MPa) Sy 1 2E Ak 22,
TR R 95.659
4 s~ ER 1505 Fye (kN) '
hey (mm) . PR
A7 4 b LT PR B g
e B 75918 ;4 72.457
Np (kN) Ngie,o (KN)
B 0.862 rqd. o, 0.7
P TR A e D BRIk R R
B A + 50,720
N, (kN) 65.404 NRk,p (kN) :
k value 6.046
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P HD AT IR R GRS~ C20/25 RS AW BB IITEE

RFETRATSR T AR SR L B TR TR B R AN FREY

T bt b 45~ C20/25 (20.6MPa)iR st 4 ¢ 5 ¥ R A u 4t aE B A 2 B AR
AREFTHE N AR KGR S BRR BT 1185 0 30T Rt AT
TSGR S R GF T SR e RS T o R AR S Gt 14k

Boob o ACIFUSE i dpfic ko B hriaid » 1 (FHAp M 2 48 » 2 5E% S3dh £ 8 o

— ~C20/25 & B AR % 2 (LA R 5%

ARG A EH5 TR N T R S A - % 7] C20/25 (20.6 MPa) . B
ARt g A d PR R 0 S (UALRSE % BT £~ 143mm (9d)32 » 7
B B gooxi o iER G 1ITmm s R REE S L sk 0 batiag 4 SRS
PoRLA R LR 0 B F Mo 2B 3-16 - £ 3-29 2 £ 3-30 0 #* ACI
355.2 22 EOTA EAD 330232 :=iz # R A 475 S B n»t 4 3-31 2 4 3-32 ¢
% ACI355.2: R R o7 2 % B #b A7 R 7R v S 4ad ) k-
value 3 13.332 5 F#5 75N RN R 8520 C20/25 R % 2 1 v I pk
BB FER R > % ACl 2 EOTAIER ER] A 458 % A 9 % 76.579 kN
#1 68.065KN » ** & BF 2R 5t 2 o P AT R NI R S 4Rt | L sk
BEEAPTE S > EOTAZ A48 ACH 5 %= o 2R B35k ds e » f2 JEf

Ml B o L3205 136N-m > 327 03 7 B4Rk 3y Bz F R

68



R myL | 424 (N-m)
No.1 130
No.2 150
No.3 110
No.4 150
No.5 140

T a4 4 5 136N-m

5 S

] 3-16 #5 3755 4R 28 53 45 (M24) 8 » & B 4] C20/25 ;8 5% 2 £ » iE & 143mm(9d)

P 3o M FER 117mm A 2 (VAL E R HIHRB%RR E
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£ 3-20#5 37X 4R R S 4 (M24)iE » & B A C20/25R 5% 2 # ~ ;B R
143mm(9d)E $ 253 > SEAR 117mm # $3 B(UAL) & & $1458 8% b f 1 4

Test ID No. or Item Ultimate | Displacement | Displacement | F.M | Torque Mean . . .
. Concrete failure cone dimensions(mm)
load, N, @ failure @ 50% mean (N-m) | concrete
(kN) load, & failure load, strength
(mm) 8o.5nu(Mmm) (MPa) Length Width Depth
#5-M24-1-20-NN-1-1 96.903 1.673 0.024 CF 130 25.428 341 100 43
#5-M24-1-20-NN-1-2 103.06 2.034 0.330 CF 150 403 86 57
#5-M24-1-20-NN-1-3 100.67 2.189 0.069 CF 110 409 90 53
#5-M24-1-20-NN-1-4 97.977 1.909 0.324 CF 150 342 76 67
#5-M24-1-20-NN-1-5 92.807 0.849 0.026 CF 140 411 72 71
Average 98.282 1731 0.096 Note:
E 3]’: p #:2023/04/06
Standard deviation X p
3.887 0528 0.132 @5 p #:2023/06/21
g p #:2023/06/28
Variation(%) MRt asdp83 2
3.95 0.305 1.375 R kY
£ B AR L k%

% 3-30#5 TN IR R S 4R (M24)# » R B4 C20/25R %2 # » JER
B 117mm * %4 B (VAL & & 41433258 7 7l 4
3

143mm(9d) & 5 »zia » iF

TEST ID NO. OR ITEM ASSESS THE FEASIBILITY OF THE DATA(KN)
#5-M24-1-20-NN-1-1 96.903
#5-M24-1-20-NN-1-2 103.06
#5-M24-1-20-NN-1-3 100.67
#5-M24-1-20-NN-1-4 97.977
#5-M24-1-20-NN-1-5 92.807

Average 98.282
Standard deviation 3.887
Variation(%) 3.95
K 3.4
Fso, 85.082
T

E, = T o438 3% B = 98.282 kN -

Standard deviation _ 3.887
Fm 98.282

=3.95-

Variation(%) =
K= 90% G R £2 ¥k Ptk =5>K=34-
Fso, = Fu(1 — K X v) = 98.282(1-3.4%x0.0395) = 85.082 kN -
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£ 3-31#5 #7758 4 55 4 (M24) 1 » & B 4] C20/25 38 38 2 £ » iR & 143mm(9d)

P4 ook M ER 117mm 3 ACIH355.2 %% (VAL & R F13R B A 178 %

ACI355.2

TEST PROGRAM NO.

#5-M24-1-20-NN-1-1

RS RALR TR S (MPA) 20.6
RS BB EER firese: (MPA) 25.428
F 2~ RR hep (MM) 117
5 B Ny (KN) 85.085
I F Gk 0.900
R R N, (KN) 76.579
13.332

K-VALUE

2L F .
ot

E, = T =413k 5 & =98.282kN -

K=1r190%f B spey £2 ¥ 8 Blidt g =5, K=34-

v= %3 # =3.95(%) -
Ny = Fsop = En(1 — K X v) = 98.282(1-3.4x0.0395) = 85.082 kN -

&L s [Leml o 290 20,900 o
futest,i 25.428

Ny= Ny - |-Lemi = g5.082- |22 = 76,579 kN -
fu,test,i 25.428

k = Np _ 85.082
fc,testhé'fs V25.428-11715

[EEN

3.33

N

o
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v

£ 3-32#5 AT B R S 4R (M24) 1 » & B 4 C20/25 38 5% 2 £ » ;2R 143mm(9d)

4 23 > JER 117mm *> EOTA EAD 330232 %4 H (1AL & & $I#0E 385 A 47 .58

- R
EOTA EAD 330232
TEST PROGRAM NUMBER #5-M24-1-20-NN-1-1
TR G FUR SR 20.6
fck (MPA)
BERES FURB R 25.428
fc,t (MPA)
A7 b sk A A R 08.282
Fy ¢ (KN)
Bk LT PSR R R 85.082
Ngi o (KN)
o1, 0.8
A RS R Ny, o (KN) 68.065
=L & o
P

Fu. = F, =T 3§33 & = 98.282kN -

K= 90% R r 2 F¥8; p@FEEHE =5-K=34-
v= %P i =3.95%) -

Ngio = Fso, = Fin(1 — K X v) = 98.282(1-3.4x0.0395) = 85.082 kN -
rad.a, =& B ARt 5 08

a

<) X Min(B, < Nic) = 68.065

—) X min

_ - - a
Nk p = Ngg o X Mina,, X mln(rqd_a1 -

KN o
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-~ C20/25 B %8 & 4 (3IA3):E %

AET M AHD AT SR NI R 4E S 451 — % 5] C20/25 (20.6 MPa) B
BR R R bR R > S (3/A3) R L % A 45~ 143mm (9d)s ~
)i’f”ﬁﬁiiﬁ'_%/#)ip 117mm > =3 2 HFALB R KT F% > v B
SRR R PABIE RS EHFTE 3-17 £ 333 2 £ 334
$* ACI355.2 &2 EOTAEAD 330232 =iz B p| 472 % kg7 >t & 3-35 &
% 3-36 7 5 & ACI355.2: =% HR| 2472 % B #5 ATV N T g 2
G tade ) k-value 5 8.11 ; ¥ #5 &7:% #5425 35 LR W4 523 C20/25 /R s 4 &+ 4
b B FUER R 0 % AClIY EOTAFR BRI A58 % 4 4 &
46.609 KN #2 36.593kN » 4o/ 2R &+ & & F]fsk 2%k 4~ 7.8 % » EOTA
2 A RACTH G = o d WdS%aiiE » EHRRED Y o P eRReh
1o~ d2 BEf B iR 1K 0 T 39 e 5 90N-m o

Wok e | 4 (N-m)
No.1 80
No.2 70
No.3 90
No.4 120

T 354 4 g 9ON-m

W] 3-17 #5 37 4% 2048 85 i (M24) 48 » B 4 C20/25 R 5% 2 8 » 72 & 143mm(9d)

7 %3 FER 117mm 3t 23 . (3/A3) & K FIILk FER R
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4 3-33#5 37N AR R S 4R (M24)1E » B | C20/25 R 5% 2 £ ~ iE A& 143mm(9d) E
4 5csE 2 GRR 117mm % 44 (/AR & HIIE RREAR E 2

Test ID No. or Item Ultimate | Displacement | Displacement | F.M | Torque Mean . . .
. Concrete failure cone dimensions(mm)
load, N, @ failure @ 50% mean (N-m) | concrete
(kN) load, & failure load, strength
(mm) 8o.5nu(Mmm) (MPa) Length Width Depth
#5-M24-3-20-CN-1-1 106.39 3.025 0.415 CF 80 25.913 153 133 18
#5-M24-3-20-CN-1-2 83.447 2.397 0.0452 CF 70 384 296 47
#5-M24-3-20-CN-1-3 86.146 2.439 0.0481 CF 90 423 180 46
#5-M24-3-20-CN-1-4 93.17 0.476 0.0008 CF 120 111 97 38
Average 92.287 2.0843 01271 | Note:
i# % p #:2023/01/13
Standard deviation XL P Hp
10.253 11098 0.1931 #2% p #:2023/06/21
e p #7:2023/06/28
Variation(%) At 4166 <
11.10 53.25 151.928 Y.
B AR K Ik i

4 3-34#5 3708 R 4E 545 (M24)4E ~ B 4] C20/25 R % 2 8 » iE A 143mm(9d) ¥
3 oim x iRR 117mm * 34 B(3A) R R FIFERRT IR R 4

TEST ID NO. OR ITEM ASSESS THE FEASIBILITY OF THE DATE(KN)
#5-M24-3-20-CN-1-1 106.39
#5-M24-3-20-CN-1-2 83.447
#5-M24-3-20-CN-1-3 86.146
#5-M24-3-20-CN-1-4 93.17
Average 92.287
Standard deviation 10.253
Variation(%) 11.11
K 3.957
Fso, 52.275
2Ll B
Bt

E, = T ¥4k 5 & =92.287 kN -

Standard deviation _ 10.253
Fm 92.287

Variation(%) = =11.10-

K= 12 90%% R+ ek £2 % 8 st #c® =4 K=3.957 -
Fgo, = Fi(1 — K X v) = 93.287(1-3.957x0.1111) = 52.275 kN -
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ACI355.2

TEST PROGRAM NO.

#5-M24-3-20-CN-1-1

A RALR R fon (MPA) 20.6
R R LR fyresei (MPA) 25.913
2~ ER Ry (MM) 117
P55 B Ny, (KN) 52.275
I F Gk 0.891
i #ss & N, (KN) 46.609
8.11

K-VALUE

2L B
ot

E, = T $afusk 55 & =93.287KkN o
K=1290% (3 & 3% # s B2 ¥ 8 )3 e® =4 K=3.957 -

v=%P %hi=11.10(%) -
Ny = Fsy, = Fp(1 — K X v) = 93.287(1-3.957x0.1110) = 52.275 kN «

B s [Lemlo 2082 08og
fu,test,i 25.913

Ny= N, - |Lemi =52 276 |22 = 46 609KN -
futest,i 25.913

k = Np _ 52.276
fc,testhé'fs v25.913-11715

=8.11
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3 3-36#5 #7308 248 55 44 (M24) 35 » B Z) C20/25 R 583 4 » jE A 143mm(9d) ¥
3 53 » R 117mm + EOTA EAD 330232 % £(3/A3) & & $IFusR 35 A 47 5 %

EOTA EAD 330232
TEST PROGRAM NUMBER #5-M24-3-20-CN-1-1
AR G FUR B A 20.6
fex (MPA)
HEEREIFURR R 25.913
fc,t (MPA)
A7 e UaR 4F 5 R 93.287
Fy ¢ (KN)
Ao b AT LR M5 R 52.275
N0 (KN)
o 07
PRSP RER R Npw p (KN) 36.593
21 5
P -

F o= Fp =T 355k 5 B = 93.287kN -

K=m90% & R FHcr 22 ¥ 8 PlEtdE =4>K=3957-
v=%3 %#c=11.10(%) -

Ngio =Fs9 = Fin(1 — K X v) = 93.287(1-3.957x0.1111) = 52.275 kN ©

rad.a; =B R 5 0.7

aq aq

Ngkp = Nrk,o X Mina, X min(

) X min(

) X min(B, < N ) =36.593

rqd.a rqd.a

1

KN o
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PI&#ANBRG RS > CMIRFEL 4P RHHTL

POH5 FT B W i ~ C35/43 (34.3MPa)iR 5E 4 ¢ 0 AT A B4 e

»EBEZBARRIKET ST HBLEEFHIT o

— ~C35/43 & B R 53 (2IA2) 5%

AFE G 4 S FHE AT RN M24 07 R 54— & 71 C35/43 (34.3
MPa) & B 2R 5% 3 & f F] sk 2% 0 5 (2/A2)# 5% % % B 42~ 143mm
(Qd)sz »iF A > 2 Gk~ RAE A 117Tmm o =R 5 L% 2 F 4 5%
AR PR o kS SRR 3-18 ~ £ 3-37 - & 3-38 0 & * ACI
355.2 22 EOTA EAD 330232 =iz B A 45 s & Bgm*t 4 3-30 2 4 3-40 ¥ ;
# % ACI355.2 312 R & 4755 % A1 S #5 378 V1R e S 4t )
k-value % 10.141 ; ¥ #5 3755 #4840 48 523 C35/43 R 8 4 o 20 4
Bk EFMIUER AR o % ACI 2 EOTA =R B4 478 % & b 5 75.179
KN 2 66.974kN > 4ra B BB+ & f 13k id%k A~ 178 5% > EOTAZ &
17 ACH 2 = o 2R B ip fy i fe » 2 BEA CR B 0 T 35BS 162N-
mo> ptde 4 Behplg T a7 2R Rt B g o
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Aldia S

7

@& | 4 (N-m)
No.l1 200
No.2 130
No.3 200
No.4 120
No.5 160

T a3 4 7 162N-m

2 4~ F A 143mm(9d)

] 3-18 #5 #73% 4 R {8 8 5;#}_(M24) #BE C35/43 5%
® 4 ookda M RR 117mm 3 23 B (QUA2) R R HIFE RS R Y
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% 3-37#5 AT B R S 4 (M24) 1 » & B 4 C35/43 R 5% 2 4 » ;2R 143mm(9d)
E ook M RR 117mm 24 (A2 & § HIIRE R R KA

Test ID No. or Item Ultimate | Displacement | Displacement | F.M | Torque Mean . . .
. Concrete failure cone dimensions(mm)
load, N, @ failure @ 50% mean (N-m) | concrete
(kN) load, & failure load, strength
(mm) 8o.5nu(Mmm) (MPa) Length Width Depth
#5-M24-2-20-NN-1-1 121.53 2.664 0.010 CF 200 42.556 29.5 23.7 4.0
#5-M24-2-20-NN-1-2 109.93 0.580 0.015 CF 130 34.7 294 53
#5-M24-2-20-NN-1-3 133.82 4673 0.518 CF 200 59.5 34.0 7.2
#5-M24-2-20-NN-1-4 113.29 3122 0.413 CF 130 14.9 8.9 20
#5-M24-2-20-NN-1-5 110.74 3.154 0.010 CF 160 13.6 12.6 35
Average 117.86 2.834 0.197 Note:
E 3]’: p $7:2022/10/18
Standard deviation X p
10.036 1.4728 0.255 @5 p #:2023/06/21
g p #:2023/06/28
Variation(%) AR #8253 =
8.52 51.88 129.76 R kY
LB AR R Rk Rk

% 3-38#5 #7375 4 48 55 452 (M24) 8 » & B 4] C35/43 R 582 £ » iE A 143mm(9d)

X oA M ER 11ITmm A $3 B (2/A2) & R IR BERT Fihikig R F 4
TEST ID NO. OR ITEM ASSESS THE FEASIBILITY OF THE DATE(KN)
#5-M24-2-35-NN-1-1 12153
#5-M24-2-35-NN-1-2 109.93
#5-M24-2-35-NN-1-3 133.82
#5-M24-2-35-NN-1-4 113.29
#5-M24-2-35-NN-1-5 110.74
Average 117.68
Standard deviation 10.036
Variation(%) 8.52
K 34
Fso, 83.718
Py
F, = T ofusk 55 B = 117.86 kN »
Variation(%) = Standariiewation = 1270;2 =852
K=1290%% BT #us B2 ¥l Blpid® =5-K=34-
Fsop = Fin(1 — K x v) = 117.86(1-3.4x0.0852) = 83.718 kN -
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% 3-39#5 AT AR E S R(M24 A #Feg2)fe » B 4 C35/43REL 2 iFR
143mm(9d)® F »x32 » iFA& 117mm * ACI 355.2 % 14 (2/A2) & & #|ILik 2% 4 47

2%
ACI 3552
TEST PROGRAM NO. #5-M24-2-35-NN-1-1

R KR A fomi (MPA) 34.3
R B8R furest (MPA) 42.556

F 2%~ JFR hep (MM) 117
Fira B Ny (KN) 83.718
IR 0.898
IR H 5 R N, (KN) 75.179
K-VALUE 10.141

2L F -
oot

F,, = T $235E 3 B =117.86kN -

K=12900 i Bimi 4k £2 ¥ fic: Pl #c® =5 K=34-
v= %3 % # =8.52(%) -

N, = Fey, = Fp(1 — K x v) = 117.86(1-3.4x0.0852) = 83.718 kN -

@ g [Jemi o [33 _ .
s A g{— m - 42556 =0.898
Ny=N, - [Lem = g3 718 |42 = 75179 kN -
fu,test,i 42.556
Np

_ _ 83718 _ .
k= Fetesthaf T V22556-11715 10.141
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v

% 3-40#5 37N 4B R4 S5 4 (M24)45 » BB 4] C35/43:R &4 # » iR A 143mm(9d)

4 238 > SR 117mm #> EOTA EAD 330232 %4 #.(2/A2) & & I35k i85 A 45 3

i
EOTA EAD 330232
TEST PROGRAM NUMBER #5-M24-2-35-NN-1-1
WALR RS PR A 343
fere (MPA)
AR R R 42 556
fe,t (MPA)
Yo b4 };_.bw’,g_‘ ~2,
AR L5 117.862
Fy ¢ (KN)
BT T R B B 83.718
Ngi,o (KN)
ROD. 4 0.8
e BRI R 3 R Np e (KN) 66.974
el
Fue = Fp =% 54585 & = 117.86kN -
K=1290% B FHcs 2 % e PlEt&kE =5-K=34-
v=%2 ik =852(%) -
Nrico = Fsoy = Fin(1 — K X v) = 117.86(1-3.4x0.0852) = 83.718 kN -
rad.a, =& B 4R34 5 08-
Nekp = Nr,o X Mina,, X min(rq‘;—fal) X min(r;:_a) X min(B, < N2 c) = 66.974 kN -
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- C35/43 B R 552 (4IAL) R

TAFH5 AT R N AT R e 85 gt % 1] C35/43 (34.3 MPa)FE %)
R BRI R 0 S (4IAL)RE S ot e~ 143mm (9d)sm ~ R R
PRI EAE G LITmmo P ERERER T ALK BEET AT G
BE S PRLEE o 4o 3B 3-19 ~ 4 3-41~ 4 3-42 > 5+ ACI355.2 &7
EOTA EAD 330232 22 B A 45 5= & BE 7 3+ 4 3-43 2 4 3-44 ¢ ; g
ACI 355.2 3% i3 || & 47 5% % B2 77 #5 373 #1838 0 248 85 4 ) k-value
% 7.836; FH5 3TN RN AT R 4E 5500 C35/43 R RS 1A I BRI
Pk R > 32 * ACI 22 EOTA =G B R A 475 % & 5 & 58.094kN 22
45.692KN > 4o ZlRE 4 & L1 FuE s A 495 % > EOTA 2 A 47 ACI
B T o d W R > B A RRED P Bk N KRB R
BREY 2 kg o THEEEL 170N-m > Br il 7 2l %35

BT | £ (N-m)
No.l 160
No.2 120
No.3 200
No.4 200

T334 4 5. 170N-m

W) 3-10 #5 47N 3B 2 s34 (M24) 4 ~ B 4] C35/43 R 5.2 £ » iR A& 143mm(9d) 2

3 3 A ER 117mm 4t %3 H(4ALE R FIFRBRR Y
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4 3-4145 3R R 54 (M24)H ~ B ] C35/43 R4 £ » ;2 A 143mm(9d) ®
F 23 FER 117mm % 24 (/AL E L IR BR KGR E 2

Test ID No. or Item Ultimate | Displacement | Displacement | F.M | Torque Mean . . .
. Concrete failure cone dimensions(mm)
load, N, @ failure @ 50% mean (N-m) | concrete
(kN) load, & failure load, strength
(mm) 8o.5nu(Mmm) (MPa) Length Width Depth
#5-M24-4-35-CN-1-1 99.823 2.58 0.2035 CF 160 43.331 403 388 103
#5-M24-4-35-CN-1-2 88.987 1.231 0.0196 CF 120 193 122 39
#5-M24-4-35-CN-1-3 89.573 1.66 0.4335 CF 200 298 131 59
#5-M24-4-35-CN-1-4 104.54 1.82 0.1942 CF 200 446 310 93
Average 95.73 1.8228 01202 | Note:
b jﬁ p #:2023/04/13
Standard deviation XL P Hp
76962 05628 0.0927 @5 p #7:2023/06/21
e p #7:2023/06/28
Variation(%) WG &P IT6 2
8.04 30.876 77.121 R A SR
B AR K Ik i

3 3-42#5 AT IR R S5 4 (M24) 1 » B A C35/43 R 5% 3 45~ A 143mm(9d) ®
7 o M RAR 117mm 3t 23 H(AAD & R HIRBHRT (TIREGRE A

TEST ID NO. OR ITEM ASSESS THE FEASIBILITY OF THE DATA(KN)
#5-M24-4-35-CN-1-1 99.823
#5-M24-4-35-CN-1-2 88.987
#5-M24-4-35-CN-1-3 89.573
#5-M24-4-35-CN-1-4 104.54
Average 95.73
Standard deviation 7.6962

Variation(%) 8.04
K 3.957
Fso, 65.274
5

E, = T a3k B = 9573 kN o

Standard deviation _ 7.6962
Fm 95.73

K=190%%E B P 2 ¥8c; Pl =4>K=3957-
Fsy, = Fpy(1 — K x v) = 95.73(1-3.957%0.0804) = 65.274kN -

Variation(%) = =8.04 -
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% 3-43#5 37N 242 5 4 (M24)4 ~ B 4] C35/43 R 2 # » JE R 143mm(9d) 2
4 2538 R 117mm 3t ACI 355.2 4 H(4/A4) & & $IFLE Rk A 1758 %

ACI355.2
TEST PROGRAM NO. #5-M24-4-35-CN-1-1
RS ALK R fom: (MPA) 34.3
RGRD FHRW LR fyreses (MPA) 43.331
F TN TFR hop (MM) 117
Fritas 2 Ny (KN) 65.274
Y RN S 0.890
I F i s R N, (KN) 58.094
K-VALUE 7.836

2Ly
oot

E, = T 5o458 55 & =95.73kN o

K=r90% 3 R3%=& #acy £ 2 % i Rlid i #cd =4 K=3957 -
v=%3 %#=8.07%) -

N, = Fso, = E,(1 — K x v) = 95.73(1-3.957x0.0804) = 65.274kN -

AT fﬁag;:z\/ Semi :J 22 -0.890

futesti 43.331

/f”'” 65.274- /343 = 58.094 kN -
utestl

65.274

k= fctesthef = "~ V4333111715 =7.836-
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£ 3-44#5 3B R4 545 (M24) 4 ~ B 4] C35/43 8% 2 # » 7EA 143mm(9d) ¥

s~ iER 117mm * EOTA EAD 330232 % B (4A4) & & $13sE8mk A 41 82 %

EOTA EAD 330232
TEST PROGRAM NUMBER) #5-M24-4-35-CN-1-1
AR RS FUR R 34.3
fck (MPA)
WERR T FUR S R 43.331
fer (MPA)
A7 dp sk 5 R 95.73
Fy ¢ (KN)
ke AT P B R 65.274
Ngp,0 (KN)
ROD. 4 0.7
30 B LR 5 R iy, (KN) i

Fue = Fp =T a5k 35 & = 95.73kN -

K=1190% 2 BiFG sk B2 8, Bl ke § =4 K=3.957-
v=%% thlk =8.04%) -

Ngio = Fsoy = Fin(1 — K X v) = 95.73(1-3.957x0.0804) = 65.274kN -

rad.a; = >R AR+ 5 0.7

Nrp = Nr,o X Mina, X min(—=—) x min(r:ﬁ) x min(B, < N2 c) = 45.692 kN -
a .

a
rqd
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2 & 3 HE TN R AR 554 ~ C20/25 2 C35/43 iR 53 4 Rk g i
_

BT ASRTLATR T S SRR FRERE T 0 BRI T BT RS
R FEFHERY > ENABRARRD PR kvaluedplic r ¥ EZRFE RE
10.0 > ZAHE A » 5 TR JEE B > Flt AP 7 Bbw QW iv2 &g st U1 7 &7
oo AT LI RS AT T S A hadeor B) 3-20 0 X R en s 2 Bedvhae s~
A B C20/25 &2 C35/43 iR 482 =i H 2w 1 b in » 30T Byl - JER GRS 5 R X

BT RS BT R &

W 3-20 i3 :2df 7 BTR{R {82 M24 # FEATN R R 2 S 41

- ~ g B A C20/25 R 5% 4 (1AL 5%
i3 el 7 2 aR 2 #5 ATV PR N g S g ~ A B ) C20/25
(20.6 MPa) &) ;% % + & & #1145k RS 407 B 3-21> . ~ 7FA % 143mm (9d)
d R Ehor B > WRFALRK AT RRKRY pLARIPIH
AR > RIS A 1T T A e & 3-45 8 & 346 se e ~ R EEC BB F
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T 4 & 43 100N-m £ 160N-m 2 & - & * ACI 355.2 &2 EOTA EAD

3302323 B R~ 47 S Bpon 2t 4 3-47 & 4 3-48 ¢ ; &+ ACI355.23%
o R A 478 5 B #5 ATV R N iR R dE S e ) k-value 5 9.89 5 18

FEIRELIFE 2385 FH PRI v 80 C2025R %2 1

By R EMRERRE Y AClIY EOTAI G BRI A 458 % 4 9 4

56.784 kN £ 51.042kN > EOTA 4 4~ 472 3% % §L ACI e 4 47 2 # 1t 5

e = o

[ T —— o

i - / l6. 2?)1/\1 A

- w

Py | 32 4 (N-m)
No.1 100
No.2 160
No.3 110
No.4 120

T tad 4 E:122.5N-m

W 3-21 #5 #73% 4R 2 42 55 45 (M24remake) e » & B 4] C20/25 R 5% 3 & » A
143mm(9d) %% H(VAL) & & #1145k 2% R 5
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% 34513 :%i 7 B EAS AT N AR SRl 2 A B4 C20/25R 53 A iFR
143mm(9d) % (VAL & R #l4eikidsk iz K %

Ultimate Displacement | Displacement Mean fail di .
@ failure @ 50% mean Torque | concrete Concrete failure cone dimensions(mm)
Test ID No. or Item load, N . F.M
KN) u load, & failure load, (N-m) | strength ]
(mm) 8o sna(MM) (MPa) Length Width Depth
#5-M24-1-20-NN-remake01 124.655 2.767 0.0486 CF 110 16.1 115 2.2
#5-M24-1-20-NN- remake02 98.240 3.724 0.2863 CF 160 171 16.4 43
25.979
#5-M24-1-20-NN- remake03 110.373 3.489 0.0198 CF 120 21.0 19.8 2.9
#5-M24-1-20-NN- remake04 103.355 3.380 0.6016 CF 110 13.8 13.6 2.8
Average 109.156 3.340 0.239 Notes:
Day of produce:2021/09/15
Day of test:2023/11/06
Standard deviation 11.468 0.408 0.270 Day of Coring:2023/11/08
Concrete age:784 =
Variation(%) 10.5 0.122 1.128 A SR AT
£ AR R FIR R

2 3-46#5 3 iR 7 IR AT RE S RE > ARG C20/25 R %2 £ 2 FR

143mm(9d) 5 (VAL & R #13uik 2% ¥ (T &R A K2

Test ID No. or Item

Assess the feasibility of the data(kN)

#5-M24-1-20-NN remake01 124.655
#5-M24-1-20-NN remake02 98.240
#5-M24-1-20-NN remake03 110.373
#5-M24-1-20-NN remake04 103.355
Average 109.156
Standard deviation 11.468
Variation(%) 10.5
K 3.957
Fso, 63.803

E, = L 354585 B = 109.156 kN -

Standard deviation 11.468
= =105-
Fm 109.156

K= 11 000% B350 s B2 % #ics plid 8 =4 K=23.957
Fyy, = Fin(1 — K X v) = 109.156(1-3.957x 10.5%) = 63.803 kN ©

Variation(%) =

o
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% 347 13:0iR 7 AR BAS AT MR E SR > AB S C20/25R %1 2 iER
143mm(9d)ACI 355.2 %% (VAL & d F1PuskFsk A 8 %

ACI 355.2
Test program No. #5-M24-1-20-NNRP
BRI R RF R fom: (MPa) 20.6
R R LB fyres: (MPa) 25.979
F R FR ey (MM) 117
3R N, (KN) 63.803
Ry RRNEE S 0.890
TR R N, (kN) 56.784
k-value 9.89

2L F .
oot

Fp = T 323236 5 & =109.156kN ©
K=1190% B ey £2 ¥l Rl g =45 K=3957-
v=%1 i =10.5(%)

Ny = Fgy, = Ep(1 — K X v) = 109.156(1-3.957x 10.5%) = 63.803kN -

oo s |[Lemi = [ 226 —(gg0 .
fu,test,i 25.979

Ny= N, - |Lemi = 109156 |-2%5 = 56784 kN -
fu,test,i 25.979

Kk = Np _ 63803

" [Fotesthsf — V2597911715

©

89 -
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% 3-48 13 :0il 7 HIRBHS TR RE S 4R » A B A C20/25 R %1 £ 2 iFR
143mm(9d) EOTA EAD 330232 %% #-(UAL) & & $l3usE s A 5 2 %

EOTA EAD 330232

Test program number #5-M24-1-20-NNrp
LALR R FUR B R
HAER 52 FUR 0.6
fer (MPa)
HERR A PR R
PR R 25.979
fer (Mpa)
i de R 5 B
AR 109.156
Fy¢ (kN)
o d ALY FUSE 158 B
e SRR 63.803
Ngg,0 (kN)
rqd. aq 0.8
PR PR 5 R NRkp (kN) 51.042
2Ly o
Pt
Fue = Ey = ¥323E 3 & = 109.156 kN

K=12090% iz st sper B2 ¥dic; Blp® il =4 K=3.957
v=%3 il =105%) -
Neio = Fsy, = Fim(1 — K X v) = 109.156(1-3.957x 10.5%) = 63.803kN -

rad.a; =

Nk p = Ngg,o X Ming, X min(rq

R BARL L 08

71y x < Nk c) =51.042 kN -
d.a1

~

S BB C35/43 R 52 (2IA2):: 2%
i3 T 2R #5 3TN MR N WD R S Ay ~ & B 3 C35/43
(34.3 MPa) | i & 4 & 4 4| FisE 5% 4o7 B 3-22 0 4~ i£ & 5 143mm (9d) »
AR Rl 4 LB YRR AR R By 8 A 47 F o e
3 3-49 #7 4 3-50 > Arfatt » 2 EEC BIF T > 1 & 4% 100N-m £ 170N-
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m2 ¥ o #* ACI355.2 & EOTA EAD 330232 3% 2 B| & 45 % % &g 7 5 4
3-51 87 4 3-52 ¢ ; 3 * ACI355.2 3% 7% 2 B A 492 & B 7 #5 3778 8 1 1% 0%
RS e T kvalue 3 10.653 5 ¥ #5 A75% B 50 1T 8 554t C20/25 iR
RS R P D R RGESE R o 3% AClE EOTAZER B R A 472 %
> ul % 78.958 KN #2 70.117kN » EOTA 4% A 47 2 & % i ACI 245 A 47 2.

PR R S R

e e | 4= 4 (N-
m)
No.l1 120
No.2 160
No.3 100
No.4 170

T a4 4 B 137.5N-m

e
W] 3-22 i3 xR 7 E:g‘?ﬁ#S Fr i RjE tdyiie » RB A C35/43 RS £ 2 FR
143mm(9d) 35 H(2/A2) R & #1303k 8% R ¥
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% 3-4013:ciR 7 SR BAS AT MR E S > R P4 C35/43 R 0 ER
143mm(9d) %% 1 (2/A2) & K #|FLsk Bk iz £ K 4

Test ID No. or ltem Ultimate | Displacement | Displacement | F.M | Torque Mean . . .
. Concrete failure cone dimensions(mm)
load, Nu @ failure @ 50% mean (N-m) concrete
(kN) load, & failure load, strength
(mm) 8o.5nu(MM) (MPa) Length Width Depth
#5-M24-2-35-NN-1-1 122.64 3.592 0.2179 CF 120 42.246 181 163 45
#5-M24-2-35-NN-1-2 119.43 3.248 0.3971 CF 160 411 340 70
#5-M24-2-35-NN-1-3 124.67 3.938 0.3232 CF 100 418 238 7.7
#5-M24-2-35-NN-1-4 107.26 1.880 0.1880 CF 170 183 171 30
Average 118.50 3.16 0.24 Note:
E th p #y:2023/09/15
Standard deviation X p
780 0.90 017 @5 p #:2023/11/06
g p #:2023/11/08
Variation(%) AR &8 54 2
6.58 0.28 0.72 e A S AT
£ B AR L k%

3 3-50 13 22iR 7 2 IR E AL AT IR R SR
143mm(9d) 33 H£(2/A2) & R #1405 38

B % C35/43:R 53 2R

ph
=V TR REL

Test ID No. or Item

Assess the feasibility of the data(kN)

#5-M24-2-35-NNremake-1 112.64
#5-M24-2-35-NNremake-2 119.43
#5-M24-2-35-NNremake-3 124.67
#5-M24-2-35-NNremake-4 107.26
Average 118.50

Standard deviation 7.80

Variation(%) 6.58
K 3.957
Fso, 87.646

Eal

w = T ¥afiskss B = 118.50 kN -

Standard deviation _ 7.80
Fm 118.50

Variation(%) =

=6.58 -

K=1290%1 B 3= ek £2 ¥ #cs mlzetcd =4 K=3.957 -

Feyo = Frn(1 — K x v) = 118.50(1-3.957% 6.58%) = 87.646 kN

92




#3513l 7 B AT MR E SR RFH CI5/43REL £ FR
143mm(9d)ACI 355.2 %% 1 (2/A2) & % $I33E 1% A 7 2 %

ACI 355.2

Test program No.

#5-M24-2-35-NN-remake

RES EFRRR [ (MPa) 34.3
RS RS R furese: (MPa) 42.264
320~ ER Ry (MM) 117
F55 R N, (kN) 84.646
Ry RRNEE S 0.901
TR R N, (kN) 78.958
k-value 10.653

2L F -
oot

Fp = T $2f3 5 & =118.50kN «
K=1190% B3 ey 2 % i Bl i =4 K=3.957 ¢
v= %3 1 =6.58(%) -

Ny = Fsop = E(1 — K X v) = 118.50(1-3.957% 6.58%) = 87.646 kN

T s |[Leml = [ 323 — 9901 -
fu,test,i 42.264

Ny=N, - |-Lemi = g7.646. |22 = 78,958 kN -
fu,test,i 42.264

K= Np __ 87646 _
Fotesthsf V4226411715

10.65

w

o
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% 35213 il 7 B EAS AR ESGERE > AR CH/MAIREIEXFR
143mm(9d) EOTA EAD 330232 %% 1 (2/A2) & & Lk 8% A 7 5 %

EOTA EAD 330232

Test program number #5-M24-2-35-NN-remake
BAER G PR R 34.3
£ (MP2) '
HEEARI PR R 42 264
£ (Mpa) '
Fe de AR R 11850
Fye (KN) '
oot HLIC FUSR HE M R 87 646
Naeo (kN) '
rqd. o4 0.8
LA AR 5 R Ny ) (KN) 70.117

2L 5o
oot

Fy = Ep =% af5 % & = 118.50kN -

K=1290% &z B s cs B2 F 8 Blipddd =4>K=3957-
v=%% 8 =6.58(%) -

Ngko =Fsy, = Fn(1 — K x v) = 118.50(1-3.957x 6.58%) = 87.646 kN °

rad.a, =*t& B 4R 5 08

a1 a1

Nk p = Ngg,o X Mina, X min( ) X min( ) X min(B, < NI?K,C) =70.117 kN o

rqd.a1 rqd.a
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Frd RS SHFARERFFIEZ RRRY

AP R AHRRTG P IRE SR RS RPN F e 2okl

%%”ﬂﬁ?i%ﬁ#ﬁﬁ&%ﬁ“lﬁ%%’ﬁ?ﬂ%ﬁﬁ%ﬁgfﬁﬁWé“

ApeZ bt MY RREHM A BUER L A E o
I ;%_/\E{,H)% BE2 R EEHEF Sk ERLT ?ﬁ,u}f@ﬁ_lﬁii%ﬁ'
CHRFLRERRIEAAHFB T Z LRG> RAFE? L IR SERE R
BB SR IR EEE TR FRIRRED EAAHS T T B 4
1’ﬁ$lﬁﬁ?%ﬁ%ﬁﬁ&ﬁ%*“§§$’E”m?ﬁﬁiﬁﬁ’ﬁﬁgﬁ
Moy A EAAHL 1022 - RS S o 5 F 4L 15.6mm#HS) -
S50 5 150mm s S REEL 25 04 ~ TiaE T3 R E AT 16 4 {885 0 455
HEA 5 (TR P Ao R 4-2 5 B 4-30 RS A A A SRR B8 8 Ay L A A B
TEBEYRFEI D PERAoT Bl 440 do7 B 4-50 R R A AHA B IR D R
EEBREIEY CRBRIEAAAM R I E 1 2 A SR Y 4o B 4-6 0 A7

=

AR~ v ORGSR AT SR AT SR A 55K K 5 e 4 T R o ] 47
L7 EIREE FATR R R AR S E 2 b B R 0 4 IS PR EHT R
M 7 5% > B (TR P 4oid B 4-8 2 B 4-9 0 d MBFLP s o AT R
SFdr s B 95 5.6~108 2w S RAE 95 8.0~9.9 owg o

AFELTNSE6T 260 SEHERZ RS BHF LA FEFIA L F
- BRI § o Y RSB 4100 AR R AT A R R e s R 2
et kA iR A g H B R SR REFR 251 E AR R
ORGP g PR T B H R A g 0 JRd JRP g 2 R O R AT
BRI B TR BRSPS R RY o MR
TR N TRIEREH Y L REFFHT -

95



WA-LATMHRFLIRELREI EALEH TR

W 4-2 & sieﬁcsb FavieE

96



1

&
&

T

Lo

%7

s

97

P




WA46RFIEALAAR RS 1 HAG I ZAERY

98



W47 R71 ks 0 R G B A RATS R G T R g R K

W 4-8 AT ER R dyinie ST 8 1 B SR SRR e S 1T K

99



B 4-10 2023 # 6 7 26 p3 ca A FEFATTRNGRESRARP ¢ RY
100



1% BHhEER
Y TR T[T T ST I

® HAZHS I B ir it » C20/25 A B R R AHIN R RBHRIER B E A Y
5 15474 N/mm? % 12.857 N/mm? » 354 »t 4.4 & £ (10.0 N/mm?) -

@ #AZH#5 - B ite » C20/25 B AR 3 A4\ PR RRIFERH B A Y 5
7.152 N/mm? 2 6.086 N/mm? > #4 % #5 {* 4% > C20/25 B B2 52 4 5.7
BERFE RE > ¥R R

® HAZHS I B 4u it » C35/45 A B AR R A4 R BHRIFERBE A Y
5 16.129 N/mm? % 19.776 Nimm? » 35+ »t 5.4 & £ {8 (14.5 N/mm?) -

@ #AZ#51 B4 ii4e » C5M3F AR E 4Nk RRFERB A A Y
11.831 N/mm? % 6.966 N/mm? > #4 % #5 iv B 4& §5 > C35/43 B 2R i 3 &
TRARFPE RE 0 ¥R

® #4z#5 i H4iE iy » C20/25 2 C35/45 A B AR 84 & & ¢ & & RIF
Bk REBHARFI 2Z AR BRERTER 0 FIRRSI R E
BRARRHNE 2RI BT 7R @R R Rk

BRI R LT R -

M
by

G HS ATAR R GRE N BHREF B

O #5F7R|4R e S 4yiatE » C20/25 A B AR s 1 & RN PR RS %
B k-value & 9.793 > #iTf+ £ R & K -
® #5174 SS4ats » C20/25 B AR s 4 & A )N Fsk Bk 145 B k-
value = 6.635 > 1T £ & RiE -
O #5ATAIA N S4riatE » C35/M3 ARF AR AL & A IR RHREF LS
B k-value 5 10583 > + = 10 @ &R R > ¥ ¥ A B Y & o
O #5147 W {E S 4inte » C35/MM3 B 2Rt & A PNk Bk 1% A k-

value % 6.046 » M EH 7 { % skl FE o
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E; = & #5 ﬂﬁ"\‘iﬂ ﬁ'%‘*i*__;z vé‘lsg u.'g’np #

O #5HT;NiR 4 4yt » C20/25 AR AR RS & AN FR RS R
B k-value % 13.332 > ## &R FE& RE -

® #5 37N iR e siariatE ~ C20/25 B AR Y A d N PR RS R R B
k-value % 10.141 > # & RF& K E o

O #5iTIAN4E S4yiatE » CI5/MA3 AF AR A AN BHKF LR A
k-value % 8.11 > & ic 7 &34 & RiE o

O H5FTNIR Y S 4yiatE » C35/A3 B AR E S & d N R R%F R A
k-value % 7.836 5 # &g & Kig

® L#5 AT S4E 8 Ay qE ~ 3 C20/25 2 C35/43 Fuik f it k-value %
PERPRRE > R SR~ B RRRE P ERY BB 2T
PF L 35 200N-m)* i > w1 el o Ll IR ERITH L EAFRE
JedB 18 o gt ke R Ay iadE ~ C20/25 % B IR GRS 2 %% 1 d R BRI > T35
Bpbd K AJTH 136N-m v % L 5 86N-m - B A5 il 7 ekt L LA
5 %o

@ Bt idrrik it #5 ATV 4R R 4E 85 Ayt ~ Y C20/25 3 C35/43 A B AR
L 2 fsk it k-value # %] 5 9.29 2 10423 » « R £ E > R P W
FHE R BRFREL TR i il 2 B4 2
C20/25 2 C35/43 R+ 2. T 3aa jEiEA W) 2 123N-m 2 137N-m > i & &

e
PES e R = S E

S
)

TE1IEEZREREP §5H
® AZERFFEZ LI EFE Sa s Fk L AT RIS LIRIER &
,éﬁéﬁﬁiwmu%%%wﬁ BedE H ATIOHE AR R AR 4 S
RS RS BRRG RRY B RATERRSY Ad ey o &
RIRC: B FE ST 2
® 0T IAELAT RS EAAHS AR R TARE R v Y
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mARIE AR E ceas Rk l2EREa (- )T ?ji?,uii@i

B fR 2 — ML o

MR GRESEMERE SRR EFAEIAREL 1008 5 55 R
% #5(15.6mm) > {2 53 % & 5 150mm s JE S5 P EE S 25 o 4~ T isE T3 o

42 5 B 4 Y 190 kg/em? ~365 kg/cm? o

5 377V 08 X4y te 85 e 5 4 %t 5.6~10.8tons -

T & 1 ARHS 1L B 4 8 Fud 36 4 8.0~9.9tons o

FAH R RTAES > PR RSO RS- FITE > LER

AR Ed » L1FIVRBESFF I > F 1L HiFE o

L ARHE AT UL R AR S g B S0 B RS R s e
Fan o RES AT AR RE SR A P DT RLENIMBE G F IR

HEF R R 2 HeRG AR Sl W (TRARA (R B AHEY 1R
IV 2 ARBRERE G ETER FFHFAE AT 2

WER e sk & kvalue > R 21 2 ATRH#S IR RREE
Bl 7222 ACI 2 EOTA 44 7 A2 2 &3P Y 1132 %
WAL NI Y -

# REP- I WK FEPOF ORI RFEIARLIAR BB

P2 5 ATNIR R A iiE S 0 B A B HEZ R HRFBFH R A RS 2

-3‘;;\:
-l
=

PRHS AT PR G SO0 JL L 1 o BT L Bl
R SHe WL ITERA (R BAREEY IR ) 2 A SRERR
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