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Tensile Strength of Anchor Bolt Set by Adhesives
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Synopsis :

Through various pull-out tests and fatigue tests, a survey has been made for the
mechanical characteristics of bolts set in bored holes using adhesive material, which are
available in existing foundations. The results are given as follows: (1) When a round bar
is used as material of the bolt, its tensile strength is decreased compared with that of
the deformed dar or all-screw-cutting bar. (2) Both large-diameter(M90) and
small-diameter(M30) bolts show the same failure mechanism, and when the length of
the boring hole is ten times larger than its diameter, bolts tensile strength is sufficient
for practical use. (3) The fatigue characteristics of the bolt are the same as those of the

bolt material.
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Tensile Strength of Anchor Bolt Set by Adhesives
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Synopsis:

Through varicus pull-out tests and fatigue tests, a survey has been
made for the mechanical characteristics of bolts set in bored holes
using adhesive material, which are available in existing foundations.
‘The results are given as follows:

(1) When a round bar is used as material of the balt, its tensile
strength is decreased compared with that of the deformed bar or
all-screw-cutting bar.

(2) Both large-diameter (M 90) and small-diameter (M 30) bolts
show the same failure mechanism, and when the length of the
horing hole is ten times larger than its diameter, bolts tensile
strength is sufficient for practical use.

{3} The fatigue characteristics of the bolt are the same as those of

the bolt material.
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Fig. 1 Types of anchor bolts
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Table 1 Comparison of charaeteristics of epoxy resin with
those of polyester resin

Epoxy resin

Polyester resin

Legal sorting
Main matter

Hardener

Faourth group of
petroleumn

Fourth group of
petroleum

Fourth group of
petroleum

First group of
peroxides

Conservative-

Long term storage is

Storage stability is bad

ness possible
Warkability Very easy Complexity
Intensity Decided by Poﬁsaﬂgngusﬁed by
cceurrence atmosphere temp hastening matter
Hardening
construction 3~5% T~11%
Adhesive force | 190,000 kgffem? 60~80 kafjem?

for steel plate

Chemical-proof

Alkali-proof

Hydrolysis inside
alkali
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Fig. 2 Relationship between aging period and compression
yield intensity of epoxy resin at each temperature
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Fig. 3 Effect of test atmosphere temperature on compression

yield intensity of resins and resin mortars
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Table 2 Test specimens for pull-out tests
Specimen Bolt Hole Tens‘i}lfe li]réit;:nsity Base concrete
No. Dhameter Diameter | Length Compressive intensity ; . -
Shape \ (mm) (mm) l (nm) (kgf/cm?) (kgfjem?) | Reinforcing rod

1 All screw cutting | 30 52.2 300 >4 100 288 l 5 e cover
2 Round bar 30 52,2 300 3 800-5 300 288 D19 @ 150 mm
3 Deformed bar 30 52.2 00 >3 000 284 f D16 @ 200 mm
4 All screw cutting 30 52.2 300 >4 100 288
5 All screw cutting 30 52.2 450 >4 100 235 )
6 All screw cutting 30 52.2 150 >4100 235 Nothing
7 All screw cutting 30 52.2 300 >4 100 235
8 All screw cutting 90 1650 500 >4100 297 l 20 em cover
9 All screw cutting 90 160 1350 >4100 297 | $13 @ 300 mm

Center hole jack
Load cell:

PL-GO#\

Main girder
(F-900 # 300)

l N . { 1
\/ \ y 7 rA 7 /
Shoe v Oil pressure unit
n Test
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3 000 mm
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|
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I
[
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Fig. 4 Static pull-out test equipment
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Photo 1 Fracture situation of concrete of surface layer after
pull-cut test of all screw cutting bolt
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Table 3 Results of static pull-out tests
Destruction of base concrete Final destruction
Specimen Axial stress Destruction shape Axial stress -
Neo. Load (tf) on bolt Load (tf) on holt d’}. ype‘ c_nf
(kgtfem?) Angle Depth (cm) (keffcm?®) estruction
1 14~15 3180 45° 4 | 23.2 4920 Fracture
2 21.6 2720 — 2 21.6 2720 Pull out
3 27~28 3590 45° 4 36.4 6130 Fracture
4 14~15 2830 45° 7 23.6 4 450 Fracture
5 13~14 2640 45° G 22.2 4 180 Fracture
6 i1.9 2240 45° i2 11.9 2240 Pull out
7 15~16 3010 45° § 23.6 4 450 Fracture
2 130~140 2650 45° 16 ! 2228 4220 i Pull out
9 150~-160 2840 45° 17 ! 237 .4 4310 ‘ Pull out
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Fig. 5 Strain of the M 30 bolt in axial direction
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Fig. 6 Strain of the M 90 bolt in axial direction
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(A) Theoretical (B) Practical
flow flow
Pull-out load Pull-out load
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force_1*! force 1**

Fill material Fill material
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and fill material
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material and concrete

Fig. 7 Flow diagram of pull-out load’s transmission
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Fig. 8 The balanced model for initial destruction test
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Table 4 Comparison of experimental results with theoretical

results
Specimen  Nao. 1 4 5 6 7 8 9
Bolt d‘“m‘z;fin) 3030 30 30 30 90 90
Hole Iength
(mm) 300 300 450 150 300 900 1350
L (em) 30 30 45 15 30 90 135
T3 (em) 7 7 7 7 7 20 20
d (cm) 3 3 3 3 3 9 9
¥ (kgffem?) 139 139 120 160 139 100 78
(L-z3)df{f) 30.1 30.1 43.0 12.1 30.1 198.0¢ 253.0
N, (tf) S22 S22 S22 S22 >22 >220 >220
Sz () 22 22 22 12.1 22 188.0 220
Experimental . ; ,
results (tf) 23,2 23.4 22,2 11.9 23.6 222.8 227.4
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Fig. 15 Shape and size of test specimen for fatigue test
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Table 5 Test stress for each test specimen

Specimen Lower stress Upper stress Amiltirt;:ie of
No. (kgt/mm?) (kgf/mm?) (kgfjmm?)
1 2 22 20
2 2 16 14
3 2 28 26
200F

Stress range (ksi)

5F Results by Snow and Langer (USX corp.)
[ -—#—KSC results

1 T =TT —r—TTTT T T
16 10° 10° 107
Cycle to failure

Fig. 16 Failure cycles related to stress range
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