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Load Carrying Mechanism of Anchor Bolt
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SUMMARY
It is discussed in this paper how an anchor bolt, embedded in concrete, carries the applied load
under static and fatigue loadings. An experimental test was conducted using anchor bolts of
relatively small size in diameter and length. Examining the failure mode of concrete in detail, a
mechanical model is developed in terms of an angle of crack propagation, stress distribution and
the tensile strength of concrete.

RÉSUMÉ
Ce rapport décrit la façon dont un boulon d'ancrage dans le béton supporte l'application d'une
charge statique et endure la fatigue. L'expérience a été menée sur des boulons d'ancrage
relativement de petite taille (longueur et diamètre). Après observation du mode de rupture du
béton environnant, un modèle mécanique est développé en fonction de l'angle de propagation de
la fissure, de la distribution des contraintes et de la résistance du béton à la traction.

ZUSAMMENFASSUNG
In diesem Aufsatz wird erörtert, wie ein im Beton eingebetteter Ankerbolzen die Last unter
statischen und ermüdenden Belastungen trägt. Der Versuch wurde mit in Durchmesser und
Länge relativ kleinen Ankerbolzen durchgeführt. Nach sorgfältiger Prüfung des Betonbruchs
wurde ein mechanisches Modell unter Berücksichtigung des Winkels des Rissfortschritts, der
Verteilung der Spannung und der Zugfestigkeit des Betons entwickelt
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1. INTRODUCTION

The authors have reported the characteristics of the newly developed fixings
(undercut type fixings) in terms of the static and fatigue strength, the
applicability near the edge or the corner of concrete structures [1]. In the paper
the empirical formulas were proposed for estimating the static and fatigue
strength of such type fixings based on the experimental results. However, the
formulas were limited to the fixings having 40 mm embedment length because of
the limited range of test data. It was necessary to extend the study on the load
carrying mechanism of the fixings from the low load level up to the failure
stage with variations of embedment length and dimension of bolt.
In order to develop a general model of load carrying mechanism of the fixings,
the static pull-out test was first conducted varying both the embedment length
of bolt and the location of bolt from the edge of concrete block specimen.
Referring to the study on application of acoustic emission to the pull-out test
of anchor bolt [2], the discussion was extended to how the concrete carried the
applied load, and what was the rational expression for the load carrying
capacity of the undercut type fixings. The study should be applicable to the
load carrying mechanism of ordinary anchor bolt because the load transfer point
from the bolt to the surrounding concrete of this fixings is similar to that of
ordinary anchor bolt.

2. EXPERIMENT

2.1 Bolts
The main parameters in the
experiment were the size
(diameter) and the embedment

length of bolt. The
shape of bolt is shown in
Fig.l and the dimension Is
summarized in Table 1. The
tensile strength of bolt
was 800 MPa. In order to
assure the anchorage of
bolt, the torque listed in
Table 1 was applied to a

bolt in advance of the
pull-out test.

Concrete
Block

(cm)

Size of bolt
mm

d le 4> D

Torque
(KN-cm)

50x50x20 14x40 M10 18 2.35

60x60x30 14x60 MIO 18 3.53
18x80 M12 24 6.76

120x60x30 22x100 M16 28 11.8

Table 1 Dimension of bolt

0

A

M
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Fig.l Shape of

bolt

2.2 Test Setup

Fig.2 shows the test setup. The load was applied
to a bolt by a center hole type oil jack, and was
measured by a load cell of 50 KN or 200 KN

capacity. The displacement was measured by LVDT-
's. In order to avoid the confinement effect due
to the reaction supports, the supports were
placed 3 times of embedment length (3-le) away
from the bolt.
All the data were recorded and stored in a
microcomputer through a dynamic strain meter and an
A/D converter. The similar system was used for
the fatigue test. The strength of concrete block
specimen was evaluated by the compressive
strength test using a cylindrical specimen of
<('10x20 cm.

.oad eel!

Fig.2 Test setup
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3. TEST RESULTS AND DISCUSSION

After the pull-out test, the failure mode C®
of the specimen was examined concerning 15 10 5 0 5 10 15

with the shape of ruptured cone of con-
crete. A typical projection of cone is
shown in Fig.3. The failure surface can
be simplified as a tri-linear line as
shown in Fig.4. Near the bottom end of
bolt the concrete was splitted, and the
crack developed at an angle of <t from the
horizontal. At a certain point the angle
of crack propagation turned to 0.
Finally, the ruptured cone was pulled out
with the skirt of shallow angle near the
surface of concrete.
Since the measurement of cone depth was
done in the four directions, Table 2

shows four values of <t> and 0. The shallow
angle of the skirt of cone was not shown
because it was less important in the load
carrying mechanism as will be discussed
in the next section. The first angle (t)
ranged from 26 to 50 degree, and the
second one (0) from 20 to 40 degree. There observed little influence of the
diameter and the embedment length of bolt, and of the concrete strength on the
angles. The mean values were 39 and 27 degree for <P and 9, respectively. Some

data of are not shown because too much rupture of concrete made the measurement

of angle impossible. The location of turning point of the crack angle from
to 0 was observed scarcely influenced by the embedment length of bolt and the

concrete strength. In the test it was about 1 cm away from the center of bolt
(Fig.4). The examination was extended to the mortar block. The results were
similar to those of concrete block, showing <t5=36 and 0=24 degree.

Bolt
d le 4

f c
MPa

ft
MPa

4

(degree)

0

(degree)

P
max
KN

14x40 MIO 19.2 1.75 41 34 48 -- 28 20 48 25 20.7
36 43 27 -- 24 30 27 27 20.8

14x60 MIO 38.7 2.84 26 20 27 45 44.1
47 42 46 -- 29 27 27 25 55.0
37 45 48 35 15 18 21 25 38.4

18x80 M12 31.4 2.24 45 38 -- -- 30 30 25 30 61.9
38.7 2.84 29 32 53 45 24 35 21 29 65.7
37.3 2.52 49 41 -- -- 21 26 23 22 55.0

22x100 M16 37.3 2.52 37 26 41 30 37 28 24 38 90.6
35 30 36 -- 30 30 31 16 86.2
38 54 -- -- 34 32 -- -- 109

14x40 MIO 37.4* 2.39 42 33 51 20 27 24 26 20 22.3

Mean Value
Standard Deviation
Coeff. of Variation

39.2
8.2

20.8 %

27.1
6.5

24.0 %

1 cm
le

re
o

[\CMItCD\
j! //V;A

0
<*>=39c

y\
Fig.4 Simplified cone

* : Block was made of mortar.

Table 2 Test results
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4. MODELLING OF LOAD CARRYING MECHANISM

Before constructing a mechanical model, the
pertinent researches were surveyed. Rokugo et al
[2] reported that up to the maximum load level
the acoustic emission in the pull-out test
generated within the circle area having the
radius of 1.6 times of embedment length (1.6-le;
Figs.5,6). On the other hand, the finite element
analyses done by Kamimura [3] and Kosaka [4]
showed that the principal tensile stress became
to zero at the location of (1.7-1.8)-le away
from the center of bolt. The similar results
were obtained by the other series of test which
examined how the pull-out resistance of anchor
bolt was influenced by varying the bolt location
from the edge of concrete block.

Taking these results into account, the load
carrying mechanism of anchor bolt was modelled
on the following assumptions (See Fig.7).

o 2
S (mm)

Fig.5 Load-displacement [2]

along the s

,30

N 10

|ofr

10 20 30 40
7 X2+Y2 (cm)

Fig.6 Acoustic emission [2]
x

(1) Crack initiates and propagates
assumed cone line as shown in Fig.4.
(2) At the tip of crack (distance of x from the
bolt center in Fig.7), the applied load is
resisted by both the splitting strength of
uncracked portion of concrete (outside the tip
of crack) and the frictional resistance of
cracked portion (inside the tip of crack). The
distribution of resistant stress is assumed to
be an isosceles triangle.
(3) Crack begins to propagate when the
stress at the tip of crack exceeds the
modulus of rupture of concrete (ftx)-
(4) The modulus of rupture of concrete
depends upon the confinement condition of
concrete. As shown in Fig.7 the modulus of
rupture near the bottom end of bolt is
assumed to be 1.2 times of (f which is
given by the standard test [5]. The
confinement effect decreases and fades out at
the location of 1.7*le away from the
center of bolt.
(5) The fraction of resisting stress is
neglected near the bottom of bolt where
the concrete was splitted, and is
neglected outside the projected circle
range of 1.7-le radius.
The load corresponding to a given resistant stress distribution is, then, calculated

as follows:

COS^

Fig.7 Proposed load carrying
mechanism

n • ftx

cos^S
(2-a-X) — A (1)

where, A :modification factor due to imperfect shape of stress distribution.
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The ultimate capacity of fixings Is, then,
calculated so as to find the maximum value of P

In Eq.(l) In the supposed failure surface. In
addition, the resistant stress conditions could
be correlated to the load-displacement curve In
Fig.8. For example, at stage 1 the deformation
Is mainly attributed to the elastic deflection
of bolt. During stages 2 through 3, crack
propagates at an angle of 0 and the cracked
portion of concrete is lifted up. The displacement

may be due to the flexural deflection of
cracked portion.

5. COMPARISON OF CALCULATION WITH TEST

5.1 In general
For calculation by the model, it is necessary

to determine the angle of 0 and the
base length (a) of the shape of stress
distribution in advance. In this study the
angle of 8 was fixed as 27 degree which was
the mean value of the experimental results.
On the contrary, there was not any rational
method to determine the length (a) at this
moment. Then, the length (a) was chosen as
2.7 cm which was the best fit value to the
test results after several trial and error
calculations. Fig.9 shows the comparison of
calculated results with test results having
the factor of correlation of 97.5 X.

Load(KN)
100

O 6 12
Displacement (mm)

Fig.8 Load-displacement

Pmax(KN)
100

5.2 Near Edge

The model with the same values of 0 and (a)
was applied to the case in which the bolts
were mounted near the edge of concrete
block. The resistant stress outside the
edge was naturally neglected as shown in
Fig.10. The comparison is shown in Fig.11.
which was slightly less than that of general
(1) the less confinement effect near the
edge of concrete block, and (2) the
difference of the failure pattern from the
assumed one. However, the value of 91.9 X

might not be so bad in prediction.

0 20 40 60 80 100
Pcal(KN)

Fig.9 Comparison with test

The factor of correlation was 91.9 X

cases. This may be attributed to

Px(KN)
50

1.2ft 1.2ft

Fig.lO Stress distribution near edge

0 10 20 30 40 50
Peal (KN)

Fig.11 Comparison with test
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6. FATIGUE CAPACITY OF FIXINGS

Varying- the applied cyclic load level, the
fatigue life of fixings was examined. The
test results are plotted in Fig.12, where
the solid circles represent the cases of
bolt fracture and the open circles are
those of concrete rupture in a conical
shape. The solid line is drawn from the
equation for the fatigue life of bolt
(Eq.2), and the broken lines are from the
equation for concrete (Eq.3). Both
equations are proposed by the Japan Society of
Civil Engineers [6]

f 1900-(10a/Nk)-(1-0 /f (2)srd sp ud

IWkn)^

No.of cycle (Iog10
where, a 0.82-0.003It> k 0.12,

<t> diameter of bolt (mm).
Fig.12 Fatigue Capacity

log N 17-{l-(d -0 )/(f -d )}
max min u min

(3)

where, fl
max

maximum stress in concrete due to the model, ö minimum stressmin
and f static strength.

7. CONCLUSIONS

The followings were concluded from this study.
(1) The resistance of concrete against the pull-out force of bolt may be
attributed to the area within the projected circle with a radius of 1.7 times of
the embedment length of bolt.
(2) The pull-out resistant capacity of the fixings can be predicted by the
proposed model. The model is also applicable to the fixings used near the edge
of concrete structures.
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