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The applications of Screw Rebar system to rehab or extend the
service life of Soil and Water Conservation concrete structures 3 -
Improve the work ability of the developed screw anchor and conduct
a rehabilitation project for an existing abraded check dam top

surface

Abstract

The developed anchor in this part 3 research is a new type of M16
mechanical threaded anchor made of medium carbon steel. One end
features an M16 metal threaded rod with a length of approximately 160
centimeters, while the other end contains an M24 internal threaded
hexagonal nut anchor cap. This threaded anchor head end can be
connected to a steel bar segment with corresponding M20 threads,
forming a threaded anchor reinforcement #6 suitable for use in reinforced
concrete structures. The length of the steel bar segment of this structural
reinforcement component can be adjusted according to the reinforcement
design requirements.

To ensure the engineering performance of this new threaded anchor,
the research underwent multiple iterations of prototype design,
performance testing, product modification, and performance confirmation
during the development process. The initial production materials and
processes of this product were confirmed, and the characteristics were
assessed according to the American Concrete Institute (ACI) 355.2 and

European Organization for Technical Approvals (EOTA) EAD330232
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evaluation criteria.

Concrete strength tests in the study included C20/25 and C35/43.
The evaluation results showed that this new threaded anchor implanted in
C35/43 high-strength concrete had an interface bond strength of 15.758
N/mm=>meeting the strength requirements of European and American
evaluation standards. To ensure the applicability of this developed
threaded anchor under diverse engineering conditions, earthquake and
cracked concrete conditions were also evaluated. The results showed that
the prototype anchor implanted in C20/25 and C35/43 concrete had
tensile strength indices (k-values) of 11.557,11.565, 7.703, and 7.477 for
un-cracked and cracked concrete, respectively, all meet the requirements
of the standards. This new type of threaded anchor for reinforcing
concrete structures has the characteristic design strengths required for
application in structural reinforcement related to tensile characteristic,
thereby enhancing the effectiveness of concrete structure retrofitting
application.

Based on the testing and evaluation results of these three prototype
anchor reinforcements, the Type C prototype anchor already possesses
the engineering performance required for un-cracked and cracked
concrete in both low-strength C20/25 and high-strength C35/43. It also
demonstrates adequate torque performance as the test anchor casting into
concrete during installation. In addition, a test run project is planning to
use this developed anchor system to rehab an existing soil and water

conservation concrete structure in Pingtung County or Kaohsiung city,

\%



Taiwan. After the test run project, a technical training seminar will be
conducted to share the results of this study in order to introduce the new
product to industry. Currently, to manufacture process for the develop
screw anchor includes several steps of CNC Lathe, steel hardening,
anchor head hardening, and surface treatment, etc. These manufacture
process is costly. Forging anchor screw and head sections before CNC
Lathing the entire screw anchor was proposed for next step research task.
This manufacture process could significantly reduce the producing price
and increase the compatibility of developed anchor in the construction

industry.

Keywords: Screw Anchor, Post Installed Anchar, Concrete Fastener,

Assessment, Performance Evaluation, Concrete Structural

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

. o Minimum
Test . Crack opening Concrete Member Drill bit
Reference Purpose Description o . K sample
Number width, in. (mm) strength thickness diameter .
size* n
Reference tests
Reference test in uncracked low- Tension — single anchor with no
1 721 . — Low > hmin dm 5
strength concrete edge influence
Reference test in uncracked high- Tension — single anchor with no .
2 721 . — High > hmin dm 5
strength concrete edge influence
Reference test in cracked low-strength Tension — single anchor with no
3 7.2.1 . 0.012 (0.3) Low > himin dm 5
concrete edge influence
Reference test in cracked high-strength Tension — single anchor with no .
4 721 i 0.012 (0.3) High > himin dm 5
concrete edge influence
Reference test for screw anchors— . . .
i i . Confined tension — single anchor .
5 7.2.2 Confined test in uncracked high- — High > hmin dm 5+t
away from edges
strength concrete
Reliability tests
Varies
Sensitivity to reduced installation Tension = single anchor with no with
6 8.2 . 0.012(0.3) > hmin dms 5
effort edge influence anchor
type
Sensitivity to crack width and large Tension — single anchor with no
7 8.3 A . 0.020 (0.5) Low > hmin Omax 5
hole diameter edge influence
Sensitivity to crack width and small Tension-single anchor with no -
8 8.4 ) ) 0.020 (0.5) High > hmin dmin 5
hole diameter edge influence
. | o Sustained tension — single anchor
Tests in cracks whose opening width is y k . 0.004 to 0.012
9 8.6 with no edge influence, residual Low > hmin Omax# 5
cycled . (0.1t0 0.3)
capacity
o Repeated tension — single anchor
Reliability of screw anchors under \
10 8.5 away from edges, residual — Low > hmin dm 5
repeated load .
capacity
Reliability of screw anchors against Embrittlement test — single .
11 8.7 i . i High > hmin dm 5¢¢
brittle failure anchor away from edges
Reliability of screw anchors:if set with Setting test — single anchor away
12 8.8.2 i " o Low > hmin dmax 15
impact screwdriver from edges
Reliability of screw anchors if set with . .
. Setting test — single anchor away
13 8.8.3 a torque wrench in low-strength — Low > hmin dmax 10
from edges
concrete
Reliability of screw anchors if set with . -
o Setting test — single anchor away .
14 8.8.4 a torque wrench in high-strength — High > hmin dmin 10
from edges
concrete
Service-condition tests
Verification of full concrete capacity o .
. . Tension-single anchor with two
15 9.2 in corner with two edges located at — Low hmin dm 4
edges located at 1.5hef
l.5hef
o . . High installation tension (torque
Minimum spacing and edge distance .
16 9.3 o X . or direct) — two anchors near — Low himin dm 5
to preclude splitting on installation
edge
. Shear-single anchor with no edge
17 9.4 Shear capacity of anchor steel || 0.012 (0.3) Low > hmin dm 5

influence
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SR ERS Bl

Pulsating tension, single anchor,

18** 9.5 Seismic tension . . 0.020 (0.5) Low > Nimin dm
with no edge influence
o Alternating shear, single anchor,
19** 9.6 Seismic shear . . 0.020 (0.5) Low > Nimin dm
with no edge influence
i Effect of torque on anchor .
20** 9.7 Torque test (Optional) — High > hmin dm

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.

Drilling 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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W 3-6 Type A &rf2fe » C20/25 £ F W 3-7 Type A &f21E > C 35/43 2B 3
R (I/Al) 2L FIREFHR A £ R (2/A2) 2 A FRERHRRF £
%5 B =% B
% 3-2 Type AM16 if2 18 55 451248 » C20/25 2 C35/43 4 B 4%
R 3 PyURRE- T4

Test item 1/AL futesti=25. 428 Mpa 2/A2 futesti= 42.556 Mpa
Tensile Tensile
Number strength Torque strength Torque
(N-m) (N-m)
(kN) (kN)
1 96.903 130.0 121. 53 200.0
2 103. 060 150. 0 109. 93 130.0
3 100. 670 110.0 133. 82 200.0
4 97. 977 150. 0 113. 29 130.0
5 92.807 140. 0 110. 74 160. 0
Average 98. 282 136.0 117. 86 164. 0
Std. Dev. 3. 887 16.73 10. 03 35. 07
Variation (%) 3. 96 12. 30 8. 91 21. 38
F_(5%) kN 85. 060 NA 83.75 NA
TERBAE 0.900 NA 0.898 NA
ACLIEEFALFFMAEREE Nop (kN) | 76. 560 NA 75.188 NA
k-value 13. 277 NA 10. 105 NA
?i;;\ PR R IE Ny 68. 048 NA 66. 999 NA
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1 3-3Type AMI16 R ¥4 s5 451248 » C20/25 A B AR 33 24 14
PR R (VAN 734 5

ACI~ f335 5
Fr = % o405 & =98, 282kN «
K= 90%RR=cfr 22 ¥l RIFPERE 5-K=34"

. . Standard deviation 3.887
'V = 0 = = = . o
Variation(%) " 55,283 3.95

Ny = Fsy, = Npieo = Fn(1 — K X v) = 98.282(1-3. 4x0. 0395) = 85. 060 KN -

P femii 20.6
A k= At = = o
IR T ;fu,test,i sazs ~ 0-900

Ny= Ny /% = 85.060- |=o>- = 76.560 kN -

B Np B 85.060 B
k = Fotesthef ~ V25428117315 13.371

EOTAA t73- 8 :
Fur= FEp =Ti5fuE5 R = 98. 282kN

rad a; = *EBHRZI 0.8
a

L) xmin(—=2) x min(f, < Nixc) = 68.048 kN -

Nrkp = Nrgo X mina, X mm(mda1 ——

% 3-4 Type AM16 R {2 s5&5fafe » C35/43 AR AR 584 23 1
PARTRER 2IA2)2 13-

ACTA 453+ 5

Fp = T o705 R =117, 86kN #

K= 90% Aok ®2 e plgEtded 550 =-34-
v = %3 %4 =8.52(%) -

Ny = Fgy = Fpu(1~KXv) = 117.86(1-3. 4x0. 0852) = 83.718 K\ -

2z _ fc,m,i " 34.3 _ o
I k= /fu,test,i = /42.556 = 0.898

- N, - /M - S/ Ly c
N,= N, - 83. 718 | ozeg = 10- 188 kN

B Np B 83.718 - .
k = Fctesthlf ~ V42556117.315 10. 141

EOTA A 473+ % -

Fui= F, =T33k = 117.86kN K =12 90 % & R:= G ucs £ 2 ¥ e BlEE
#E =5'K=34-v=%81%k=2852%)-

Ngpio = Fso, =Fn(1 — K xv) = 117.86(1-3. 4x0.0852) = 83.718 kN -

rad.a; = & BFHRZL 50.8

Nekp = Nrxo X mina, X min(rq‘;lal) X min<r:;_a) X min(B, < Nyxc) = 66.999
kN o
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% 3-5Type AMI16 & %48 st 45148 » C20/25 2 C35/43 B 3| R 3%

33y pRER%- T

Test item 3/A3 futesti=25.913 Mpa 4/M futesei= 43. 331 Mpa
Tensile Torque fensile Torque
Number strength
strength(kN) (N-m) (N-m)
(kN)
1 106. 39 80.0 99. 823 160. 0
2 83. 447 70.0 88. 987 120. 0
3 86. 146 90. 0 89.573 200.0
4 93. 17 120. 0 104. 54 200.0
Average 92.29 90. 0 95.73 170.0
Std. Dev. 10. 26 21.6 7.70 38. 3
Variation (%) 11.11% 24. 00% 8. 04% 22.53%
F_(5%) kN 51. 707 NA 65. 273 NA
TR R 0.892 NA 0.890 NA
ACTZ ji- #1235 & N.p (kN) 46. 102 NA 58.074 NA
k-value 7.995 NA 7.805 NA
EOTAHF {43k 58 & Npgp (KN) 41..365 NA 52.218 NA

% 3-6 Type AMI16 &% 48 85 &5-4x48 » C20/25 BB &) R % 3
SE385% 3/A3 A 53t K

¥ P

ACT » 4735

Fy, = Ti55uskp & =92, 287kN ©

K=r90% 2R =iy B2 ¥l pliditdid =4-K=23.957-

v = %3 %8k =11 11(%) -

Ny = Fsy = Ep(1 =K Xv) = 92.287(1-3. 957x0. 1110) = 51.707 kN -

2z fcmi 20.6
i+ = L f,’: = L = = . o
A :a;: ‘\’ fu,test,i \J25-913 O 891

Ny= N, /% = 51,715 |20 =46, 102KkN-»

B Np B 51.707 B
k = Fotesthsf ~ V25913:117.315 7.995
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¥ZF 1 FRRBIAAEP

#% 3-6Type AMI6 BB R4 54524 » C20/25 B AR 34 12
FRAE 5 A3 A E

EOTA A 473+ % :
Fue= En =T3ofskas & = 92.287kN -

KF=r1 90 % 3 RemG sy B2 ¥l R &E = 4> F=3.957-

v = %8 Al = 11.11(%) -

Neio = Fsop = Fm(1— K xv) = 92.287(1-3.957x0. 1111) = 51. 707 kN -

rad. a; = B HRET 50.7-

Nrkp = Nrgo X mina, X min(

i) X MnGED) X min(B, < i) =36, 195KN -

% 3-7TType AMI16 LR ¥ 4g 5 454248 » C35/43 R AR E L 37 HHin
5B IRk (4IAL) A 453 B

ACT Sttt

Fpn = ‘PHisREE =95. T3kN -

K= DL 90 % (SEFHEFESE 2 FE HRTEE =4 £ =3.957-
v = SEEE =8.041%) -

N, = Fsy, = Fp(1 =K Xv) = 95. 73(1-3. 957x0. 0804) = 65. 273kN -

pomr_ | femi 343
R L 2 3 g g0

N,= N, - /% = 65.273 | === = 58.093 kN~

- Np | | 65.273 _
k = Fotesthlf | V43331117.315 7.805

EOTA 53 et

Fut = Fn =PHPURIERE = 95. T3kN < £ =L 90 % (SEFHEREEE 2 HE
HERGHER =40 £=3.957 - v = EEGE = 8. 04(%)

Nrio = Fsy = Fn(1—K'Xxv) = 95 73(1-3. 957x0. 0804) = 65.273kN -

rad. ay = PBAZERAE R R0.7 -

_ . . a . a & 0 _
Nrkp = Nrgo X mina, X m1n(rqd_1a1) X mln(rqdl.a) X min(B, < Ngkc) = 45.691 kN -

= ~ Type Bt 2] &2 it

iy Type A A& 5 BBIR AT o 2GR R & R T
mAAIARER 1 TRA - Fl Type B f3la et § 5o
3 irgn ikt 0 4 RAn SS B d #64p 52 B M20 8% 7 0 T R B ek
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BB B FGFBBIY > AE%IEEEEE ACI 2
EOTA =z A {7ifmi % 4 >4 4-8 5% ACI 3552 3 A
155 % BT o SC AR AR R S ot - MBS A A B AR L fa
$ 2% k-value A %] 5 8.198 2 12.819 > d 1> C20/25 3 2 4=
Fop R R Rl F o k-value A Moogpiaiha < R E AP R
Fo5 F4* ACI 22 EOTA =& B3Rt = Wi A 47 TR
T4 392 £ 3-100d £ AT L FEPHARES B L

FIHUE R AR e LRSS 3 A ] G 59.00 kN g
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1 3-8 Type AML6 ¥ 248 $1 45248 » C20/25 2 C35/43 4 B &%
R pYpRERR- T

Test item 3/A3 futesti=23. 662 Mpa 4/M fytesti= 41.921 Mpa
Tensile Torque fensile Torque
Number strength
strength(kN) | (N-m) (N-m)
(kN)
1 98. 56 2.559 127. 336 0.035
2 82.93 1. 888 134. 346 0.073
3 96. 57 1.854 134. 636 5. 278
4 89. 01 1. 444 128. 390 3. 205
Average 91.77 1.94 131. 177 2.148
Std. Dev. 7.19 0.46 3. 853 2. 562
Variation (%) 7. 83% 23. 84% 2. 94% NA
F_(5%) kN 63. 326 NA 115. 932 NA
TEREREL 0.933 NA 0.905 NA
ACLIEERALFFMEEE Nop (kN) 59. 086 NA 104. 865 NA
k-value 9. 32 NA 12. 820 NA
EOTARFIESURIARE Npyp (KN) 50. 661 NA 92.746 NA

% 3-9Type B i R {E 8145t » C20/25 2/ ;R 584 2% [ 3nsk
=gk (VAL A #5355

ACIéﬁﬁ?riEi:
= BRI =91 TTKN -
= DL 90 % EEFHMEFEEE 2 EE MsEEE =4 K= 3.957 v = S F(4H =7.83 % -
Ny = Fsyy = Fp(1— K xv) = 91. 77(1-3. 957 7.83%) = 63. 326kN -

fcml 20.6 _ . fc,m,i 1 4 20.6 _ o
IERUL S / - 25 0,933 Ny N, / ;L 63,326 oo = 59. 086 KN

_ 63.326 _ 9 321 .
fctesthgf V23.662:124.9515 :

EOTAZT TR -

Fyi = F, =PHIHEEMRE = 91. TThN « £ =DL 90 % (SRESUEE A 82

HEA B R =40 £ =3.95T v = SF(AE = 7.83 % Nggo = Fsoyo = Fm(1— K xv) = 91. 77(1-
3.957% 7.83%) = 62.326kN © rad a; = FABIZLEEE1 0.8 ¢

- ) X mln( ) X min(B, < Nfkc)
1

NRK,p = NRK,O X IIllIlCZp X mln(rqd

= 63.326 x 0.8=50.661 kN
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% 3-10 Type B i ® & S5 g fE
[ 45k 38

BRI 1 ERRHAAIAD

> C35/43 2
A Y

BA RS (2IA2) %%

ACLo et A :
- SEEgRERTRE =131, 177kN -

K= LI 90 % SEHEFrEERZEE

v = SEARE =2, 94% -

MR E =4 F = 3.957 -

Ny = Fsy, = Fp(1 — K xv) = 131. 177(1-3. 957% 2.94%) = 115. 932kN -

o | femi 343 .

e [ = (35 - 0,905

_ . femi . 343 )
Np= N, /f_u,test,i = 115. 932 21922 - 104. 865 kN

- Np _ 115.932 B )
k = Fotesthsf — V419221249515 12.820
EOTAMHE&% :
Fyue = En =FHEPGRIEE = 131 17TkN -

F=LL 90 % (SIEs At
v = BEGEH =2.94 4

Nrio = Fsop =Fn(1 —K Xv) =
rad.ay = PHZLRESR0.8 -

NRK.p = NRK,O X minap X min(rq

431
da)

1

131.177(1-3. 957%.2.94%) =

s R =4 0 £ = 3.957 -

115. 932kN -

X min(n%) X min(By < Nfgc) = 92.746 kN -

(=) Type BM16 #7] &%

LRy dE 853 C35/43 R A4 R FIHFER

(B)ltie 3= %

ACl %% (ssk s>t EOTA 5 17 P 5 4rhriist 3 %
REFRIPERAEIR R R 3R 0 B P oOL 75 B iRR
2R H G FHERRR M TRE AT B ERFR LR
P RRRGEFRA®ITT o WP RBHRIAP ENFT 8 RF
4o RERER Y A P4 A BA WA AR 3-16 2 3 3-17 5 sk

R gy N 5 A

TE

AP Fley iR AL R ALE IS A2 24 o &y

% 3-11% 4 3-12>d 5k & 5 BT o

SRS

ERAEL!
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% 3-11 Type BM16 s R {E st 454248 » C35/43 A B Hm s+ 2% 4
F1EE R (G/AD) LN #% - T

Test item 5/A5 futesti= 45.445 Mpa

Number Tensile strength(kN) Torque (N-m)
1 147. 936 140. 0
2 129. 006 150. 0
3 139. 398 130.0
4 136. 557 130.0
5 128. 699 120.0
Average 136. 32 134.0
Std. Dev. 8.00 11.40
Variation (%) 5.87% 8.51%
F_(5%) kN 109. 118 NA
IERAEAE 0..869 NA
TR R (KN) 94. 798 NA
BEAIRSERE © (N/mm?) 14.768 NA
EOTARFMAEHUIRTEME Nekp (KN) 87.294 NA

% 3-12TypeB & » C35/43 A B AR+ 3% & #1125 R (5/AS)H
BRI AR

ACI%ﬁ%Jr’;Ei:

= “PHEHRIEE =136.32 -
/( = DL 90 % SEHEREEEZFEE WaFEE 5 £ = 3.4
v = SEARE =5.8Th °

Ny = Fgy = En(1 =K xv)= 136.32(1-3. 4% 5.87%) = 109. 118KkN *
fcmz _ 343 o _ . fc,m,i ys . 343 o
TR L8 \/ - J45_445 = 0.869 © N,= N, /—fu,test,,- = 109. 18- |22 - 94,798 kN

Np _ 109.118+1000
Age 7389.026

= 14.768 N/mm?

EOTAST#TETE -

Fyur = Fp =PHBESRE = 136.32kN - £ =21 90 % {SESHMEREEE 2 BE5
HEFEEE =5 A =3.4-v = BE(LE = 5.87 % -

Ngro = Fsy, = Fn(1— K xv) = 136. 32(1-3. 4% 5.87%) = 109. 118kN -

rad. ay = FRIEBHZOREEET 0.8 -

NRK,p = NRK,O X mlnap X Il]lIl(

=109.118%0.8 = 87.294 kN -

) X min < Ngkc)
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v~ Type C M16# 3] 1T 2 gt dd 55 50 1 %

d 3 ACH %4 1385% 38 P 581 > Type B #3427 % % B IR
AR EE AR R LR P IR R 2 R BTH 0 Ft g i
LA AT FEKRA P 52 ST HE%kAE P 13-

(- )Type C M16 i3 * 45423+ C35/43 2 % 2 & 4|1 3E R (5)1ii 2=

%
w3 B il R R A AR R YRR P &

HET OXRFEE > BRRIES T MRS BT R 3-18 &
B 3-19 0 % S 2 222 0 A B 4E R 304 313 2 £ 3-14 - d
RREFET OGREERIERBR LG L EHEF T
B b IRETAIR G o e m R e i R~ AT 0 a2 3
E 5 & 5 15.758 Nfmm? » <335 3 #48 14.5N/mm? » 7 gy
27 BRI T R E R R ed FRRdp o o &
T 3ofe » e g I50N-m ok 5 sl 45 8 1 1T 18 A
Btz PREERE R @AARWS > 2T 34% Type C 4

Ay PEHE P 1-358%
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ERENBERR YT
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% 3-13Type C M16 8% R 48 $5 454246 » C35/43 A B AR 1 2%
AFIRE RS B - T4

Test item 5/A5 futesti= 42.446 Mpa
Number Tensile strength(kN) Torque (N-m)
1 139. 816 180

2 146. 292 160

3 139. 606 200

4 157.573 130

5 159. 165 170
Average 148. 49 168. 00
Std. Dev. 9.43 25. 88
Variation (%) 6. 35% 15. 41%
F_(5%) kN 116. 440 NA
IERAEAE 0. 898 NA
TERU BRI R (KN) 104. 671 NA
EHEEFE(mm?) 7389. 026 NA
BNR IR © (N/mm?) 15. 758 NA
EOTARF MR TR Nigep (KN) 93.152 NA

3 3-14 Type C fi » C35/43 2:R 2R 584 (S/A5) 5% & 4IiE R
Rk A 1R

ACIor et

= EAIHUERE <148, 49KN -
K= P2L90 % EEHMIFEAE ZFE MRS E =5 £ =3.4-v = BFFE =6.35 % -
Ny = Fsy = Fp(1— K x V)= 148.49(1-3. 4x 6.35%) = 116. 440kN -

L8 \/ L J 343 gog..

42.446
_ | femi o _ o 343 S e Np _ 116.440%1000 _ 2
Ny= Ny /;;;;:-—116.440 rere = W0ABTL KNop=" 2= 00 = 15,758 N/mm

EOTAST#TETEL -

Fue = Fp =FHPURME = 148.49kN - £ =L 90 % (SESHMERHEEEZHE
HERGHER =5 F=3.4-v = BFEEE = 6.35 % -

Nrro = Fsoy = Fn(1—K xv) = 148.49(1-3. 4% 6.35%) = 116. 440kN -

rad. ay = JAFARREEL F50.8 o

a
NRK,p = NRK,O X mlnap X Iﬂln(rqd

; ) X m1n( ) X min(B, < Nfxc) = 93.152 kN
1

3-21




$-23F 1 (FBEIAIEP

(=) TypeC 41 » 4 B 4 C20/25(1/A1) 2 C35/43(2/A2)i% ;%
B

d b EER S AT 0 TypeB AR RGN LR R
gl o td R F I P AERE > 1T
Z R 2T -t Type C 475401248 » A B 4] C20/25 2 C35/43
R 2 2 ST PBRAP BREFHFPIEG 0 B R T
kRt R R 3-20 2 B 3-210 = EEE% Y B B Bl T
W 3-22 2 ] 3-23 > o %t fr 3 rtr g ] FEE S 30 L5h, [ EER
0 A B A C2025 R e 4 o o Mo 4
1,500mm/600mm/300mm > & i 45 » % & 5 160mm> & § »xid »
7B (hep) 5 124.95mm s (2B BN VLT 4R 12 0 B Rt 4
B PSR o d TR R BB G BB 0 P
B A B IEIL } 0 A B 5 C35/43 iRk 4 H* RERHL |
% 800mm/800mm/300mm - & 47 » /A& 5 160mm > ¥ F stz
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HREL (/A1) 2R 41k iF sy
£ 4 W
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% 3-15 Type A M16 8% 242 8 4548 » C20/25 2 C35/43 & B %R
R 34 ppEesk- T

Test item 1/Al fitesti=31.425 Mpa 2/A2 futesti= 92. 741 ~ 44. 940 Mpa

Tensile )

Torque Tensile strength | Torque

Number strength (Nem) (k) Nem)

(kN)
1 107. 890 100. 0 141.110 180. 0
2 101. 039 100. 0 135. 564 200.0
3 104. 764 130.0 138. 909 200.0
4 100. 958 80.0 152. 881 200.0
5 NA NA 132. 239 200.0
6 NA NA 122. 711 180. 0
Average 103. 66 102.5 137. 24 193. 33
Std. Dev. 3. 33 20. 62 7.88 10. 33
Variation 3. 21% 20. 11% 5. 4% 5. 34%
F_(5%) kN 90. 483 NA 112.890 NA
TERUBAE 0.810 NA 0.806 ~0.874 NA
ACTEER EFF458E Nop (kN) 73. 260 NA 91.039 ~ 98.6244 | NA
k-value 11.557 NA 11. 565 NA
EOTARFMEFURTREE Niy,p (KND 72. 386 NA 90. 312 NA

% 3-16 Type C i R 5 & » C20/25 2R AR 523 2% Hin3k
BERUADL 3+ 5

ACISTat & :

Fyp = PR =103. 66kN -

K = DL 90 % SEHbFEEE ZHE MEEEE 4K = 3.957 -
v = SEREE=3.21 % -

Ny = Fsoy = Fn(1— K xv) = 103.66(1-3.957x 3.21%) = 90. 493kN

2 _ fc,m,i _ 20.6 _
E= [fons = [200 g g10-

Np= Ny - /% = 90.493- | o2 = 73.260 kN -

B Ny, B 90.483 _
k }‘C,testfz;-f5 \/31.425:124.951:5 11. 557
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¥4 316 Type Cip x4 si45ne » C20/25 LB AR E L %3 i
3Rk (LUALDA 53+ 8

EOTAZ At &

Fur = FEn =PI505RMEE = 103. 66kN -

K =LL 90 % EEHEFIEBEEEE Ml BESE =4-K = 3.957
v = EEGH = 3.21 %-

Nrio = Fsyp = Fn(1 — K xv) = 103.66(1-3. 957x 3.21%) = 90. 493kN -
rad. a; = FAGHZUEEE 1 50.8

NRK,P = NRK,O X mlnap X IIllIl(

Gy min(%) X min(B, < Nfgc) = 72.386 kN«

rqd.al

% 3-17 Type CiF X{E s2454nfe » C35/43 W BRI 34 [Linsk
B (AL 53+ 5

ACTAyHTEt&
= EIIPREEE =137, 24kN -
K= 1LL90 % EEHiHEEEF8 ME#E =6 £=3.091 -
v = SRR =5.74 % -
Ny, = Fso, = Fp(1 =K x V) = 137.24(1-3.091x 5.74%) = 112. 890kN =

TR 8= J s J 35 - 0,926 ¢

(52.741+44.940)/2

mel 34.3 _ )
o= Mo \/fum“ s bk s h 94. 832KN

k = _ 112.890 = 11/565

fc_testhef (52.741+44.940)/2:124.951-5

EOTAZ a1 -

Fyue = Fn =PHEHERIME = 137. 24kN -

K =21 90 % (SRERPERHCE R 2 RE WA ES <64 =3.091 -

v = SEERE = 5.74 %

Nrio = Fsy =Fm(1—K xv) = 137.24(1-3.091x 5.74%) = 112. 890kN -
rad. ay = PABAZGREE 0.8 -

NRK,p = NRK,O X mlnap X Il]lIl(Tq

&) X minG ) X min(By < Niye) = 90.312 kN -
) .
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Type C #7387 ' & 55 4fad >+ C20/25 2 C35/43 B 48 2 4 k-
value A %] 5 7.703 2 74745 @ &4 & £ F4» ACI &
EOTA =i p] » 3+ C20/25 2 C35/43 B 2R %2 & & 4143k
RS AL P B R Bk S s B A W] 5 48.831 KN ¥ 4155
2kN %2 61.139kN % 51.755KN - 78 p* £ 4fxte » C20/25 %
C35/43 B AR 5%+ 2 T5paE 5 128 N-m 2 132N-m > & M
AR ITREEe BEF TR PENIART Lo KL

P4 FE S RS E TypeC ARG C ARB AR

FRAORDERESE KD REREL RS EE S
FR ARG B Lo Ml A ] AN R 1
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Test item 3/A3 futesti= 30.442 Mpa 4/M £ testi= 90.160 Mpa
Tensile Torque fensile Torque
Number strength
strength(kN) (N-m) (N-m)
(kN)
1 77.514 150. 0 97.609 160. 0
2 91. 780 120. 0 117.673 120. 0
3 80. 141 110.0 117.333 150. 0
4 84. 803 140. 0 127.99 100. 0
5 96. 32 120. 0 106. 713 130.0
Average 86. 11 128. 0 113. 464 132.0
Std. Dev. 7. 87 16. 43 11.626 23. 87
Variation (%) 9. 14% 12. 84% 10. 25% 18. 09%
F_(5%) kN 59. 360 NA 73. 936 NA
TERUL(ARE 0. 823 NA 0. 827 NA
ACTIEER EFFM4s8E Nop (k) 48. 831 NA 61. 140 NA
k-value 7.703 NA T.474 NA
EOTARF MR TR Npgp (KN) 41. 552 NA 51. 755 NA
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ACI et & :

Fpn = PHi5RIE~E =86. 112kN -

K= LL90 % EEHMEITEEE w8 MR 8E =5 F=3.4-
v = SEEAE =9.137% -

Ny = Fso, = Fp(1—K xv) = 86.112(1-3. 4% 9.137%) = 59. 360kN -

& _ | femi 206 .
ERE - [Leml - (200 - g g
— . fc,m,i _ . 206 R
Ny= Ny [t = 59, 360 | 288 - 48,831 kN
Np

54.978
k = Fotesthaf "~ \30.442-124.9515 7.703
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Ngro = Fso = Fn(1 — K xv) = 86.112(1-3. 4% 9.137%) = 59. 360kN -
rad. a; = JRBAFEAET 0.7

Npgp = Nrgo X mina, X mln(rq

S) x min(r;%) X min(B, < Nfgc) = 41.552 kN«
) .
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AU L8~ J i _ J 345 _ ) gog .
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£ =LL 90 % [EERHETHERZFE WaFHES =5 £ = 3.4
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Nrio = Fsyp = (1 — K xv) = 113.:464(1-3. 4x 10.25%) = 73. 936kN
rad. ay = [RFAZERRET /0.7 -

Nrkp = Nrgo X mina, X mln(m

) x min ) X min(f, < Nige) = 51.755 kN -
) .
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	四、 Type B雛型錨栓除修改錨栓設計，也將鋼筋段改由#6鋼筋車M20螺牙，此雛型螺紋植筋錨栓於此二種強度未開裂混凝土抗拉試驗k-value分別為8.198及12.819，因C20/25混凝土試驗塊發生邊緣擠破現象，試件抗拉強度變異係數較高，k-value稍低，錨栓性能大致符合規範要求；此雛型螺紋錨栓植筋於C35/43混凝土束制性握裹(5)性能評定，此錨栓之握裹強度為14.768 N/,𝑚𝑚-2.，大於規範需求植14.5 N/,𝑚𝑚-2.，但錨件於螺牙段上部斷裂，因此需修改此雛型錨栓螺牙...
	五、 Type C雛型螺紋錨栓於C35/43混凝土束制性握裹(5)性能評定顯示此錨栓之握裹強度為15.758 N/,𝑚𝑚-2.，大於規範需求植14.5 N/,𝑚𝑚-2.；採用ACI 355.2評估分析結果顯示此雛型螺紋植筋錨栓於此二種未開裂與開烈混凝土抗拉試驗k-value分別為11.557及11.565與7.703及7.474，符合規範要求；然此雛型錨栓植入C20/25及C35/43開裂混凝土之平均扭矩約為至102 N-m至132N-m，顯示此雛型錨栓於施作時扭矩已顯著下降，符合施工基本需求。
	六、 本研究已經農村發展及水土保持署台南分署安排，採用研發錨栓應用於屏東縣春日鄉力里橋力里溪上游野溪整治工程所屬攔砂壩整治工程中，為混凝土結構補強延壽示範工程案例，將現有攔砂壩整治為梳子壩已有助溪流魚蝦生態復育工作，屏科大研究團隊與剴盛顧問專家至屏東縣春日鄉力里橋上游攔沙壩現場，現場攔砂壩壩體混凝土為多年前現場拌合混凝土，執行錨栓試作與抗拉試驗及混凝土鑽心取樣，錨栓試作顯示可順利植入現場混凝土壩體，錨栓抗拉強度可達8-10公噸，現場是體制屏科大執行抗壓試驗平均抗壓強度約為170kg/,𝑐𝑚-2...
	七、 研究團隊擬請台南分署協助於計畫末期推動現場推廣說明會，介紹此新式補強材料與補強延壽工法之應用給水土保持工程界主管單位技術人員、水土保持技師、及施工廠商工程人員，方足以有效推廣此新式補強延壽工法應用於後續水土保持混凝土構造物結構補強工程中，以確保可應用於水土保持混凝土構造物補強延壽工程，增進補強延壽工程之可靠性。

	第二節   建議
	一、 由本期初步研究結果顯示，此修正之TypeC螺紋錨栓植筋雖已可以適當扭矩植入高強度混凝土中，且其植入低強度與高強度混凝土也具備符合規範之抗張強度k-value，建議可後續完成更完整ACI與EOTA參考性、可靠生命週期應用性評定試驗與分析，以利後續推廣應用。
	二、 另也須選取一至二項水土保持損壞需延壽補強之混凝土構造物工程，將此修改之螺紋錨栓植筋，應用為後續修繕之材料，驗證其應用於補強延壽之功效。目前研究團隊也與農村發展及水土保持署台南分署其轄區找尋一件高雄市大樹區野溪整治延壽修復工程，該工址右岸護坡需整修，且野溪溝地沖刷嚴重，須以混凝土鋪底，因此可採螺紋植筋植入左岸現有混凝土護岸，以利與新灌製混凝土連結為一體，以增進修復延壽功效，期望明年可通過審查發包施工。
	三、 目前研發製作之錨栓雖具備比黏結式化學植筋較佳之施工特性，但其造價仍無法與其競爭，為改善此情況，後續錨拴螺牙段擬以鍛造及滾壓工序改進製程，將可大量減少CNC切銷工序，另一次以生產五千支以上之錨栓，方可提供穩定性能與具價格競爭性之錨栓。
	四、 然此新式螺紋錨栓植筋於應用推廣上仍有許多技術資料須建立，例如設計強度參數。施工作業程序(混凝土強度對應施工扭距)、及產品驗證程序，也為後續計畫研究建議事項。
	一、
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