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Introduction

In the last decades, strain gage technology
has developed into a standard procedure
for experimental stress analysis. It is gene-
rally the case that three fully independent
stress components are fixed on the surface
of structural elements, so that three inde-
pendent quantities, in this case strains, have
to be measured in three different directions.
This is done with SG rosettes, specifically de-
signed by the manufacturer with directions
of measurement relative to one another.
Other manufacturers, as well as the traditi-
onal SG rosette supplier, Hottinger Baldwin
Messtechnik GmbH (HBM), are becoming
established in Germany. Each manufacturer
has introduced its own company-specific
designation for the individual SGs that com-
bine to make up the rosette, whereby not
only the SG designation differs (a, b, ¢, or
1, 2, 3,), but also the angle assignment (for
example, 0°, 45°, 90° can correspond to 1, 2,
3 or 1, 3, 2). Although the theoretical foun-
dations are the same in all cases, they result
in different calculation formulations for the
equations. The calculation of the principal
axis angle ¢, is particularly problematic. As
is the norm in technical mechanics, the prin-
cipal axis angle lies between the x-axis and
the principal strain g;, or principal stress oy
in the mathematically positive direction of

rotation (counter-clockwise). While HBM has
adopted this definition, from time to time,
the angle is also offered by the y-axis in the
mathematically negative direction. Further
uncertainties result from the mathematical
notations, such as arctan or tan-! (equally
valid for use in tangent function inversion)
and also from the mixture of angle specifi-
cations, with angular degree (°) and radian

measure (rad).

A uniform calculation concept is presented,
starting from the mathematical foundations,
to aid understanding of the evaluation of
stress based on rosette measurements. The
basis for this concept, which is described in
the first part of this article, is that the princi-
pal axis angle only falls between 0° and +90°
and between 0° and -90°. In the second part,
evaluation equations are applied to determi-
ne the stress at several points of a stiffened,
thin-walled regular cylinder under torsional
stress. The design of this regular cylinder
corresponds to the model of an aircraft
fuselage. The findings are then checked by
comparing them with the theoretical solu-
tion, which is also presented for the sake of

completeness.
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Theory of rosette evaluation
To analyze the regularities of plain stress, a small triangular element of constant thickness h
is cut out of a plane load-bearing structure (Fig. 1). The horizontal and vertical planes form

an x/y coordinate system and the plane rotated around angle ¢ and its standard make up a

uv coordinate system.

In accordance with the procedure represented by [1] and [2], the two force equilibrium equa-

tions follow in the u and v directions

EFuzo:

(1
o, +ds-h-uo, -dy-h-cosq—u, -dx-h-sing-t,, -dy-h-singp-<  -dx-h-cosqp=0
EF.w -0: 2)
T, ds-h+a, dy -hsing—o, -dx-h-cosqep -1, -dy-h-cosp+t,, dx h sing=0
from which are obtained the sectional stresses on the inclined plane:
O +0, 0, -0
=_* rLx ¥, ; -8 :
o, ==t COS 24+ T, - SN2y (3) 9\ 7w h - ds
ox - h-dy l \/(O'v'h'ds
——
g, -0,
T, = —%-stq-nxy -COS 2y (4)
Txy " h b dy ‘P\\
—~— Txy " h - dX
Oy - h - dx
At the sectional area @+/2 perpendicular to ¢, Fig. 1: .
Forces at the triangular
G o, O, -0, ; element in the plain stress
@, = ees2g T, sin2y (5) state

The investigation now looks at the angles for which these stresses assume extremal values
and how big these are. Standard stresses are extremal for do, /d¢ = 0 and for do, [dg = 0.
Both these conditions produce the following equation:

do, [ o, -0

: ]
a =2 —T"-smzmo +1T,, COS2(, | =0

(6)
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The direction of extreme standard stress (principal stress) is specified by the angle ¢, .

21
tan 2q10 = X = I (7)

o, — UV £, —E

The principal stresses oy and o, occurring under angle ¢, and ¢@y+m/2 opposite the x-axis
result in:
g, +0, 0, -0

Oy =———+

2

L

COS 2, +T,, - 3iN 2y (8)

0, +3, O,.-0
o, =—— -

2

¥ .

Cos 2y, — T, - 8iN 2y (9)

By using trigonometric addition theorems

oS 1 a, — O,
g = = 10
J1+tan? 2, \/((;x —o P (10)
tan2 2-1
SN2y, = ANape | z (1)

\/1+ tan” 2¢, ) V'F(n! 70‘,,)24- 4 - Txyz

and by conversion, the principal stresses are obtained

2
¥, o+ 4T, I ¥, —4F
01_2=(x Lytd[t, t\,J . Txv2 (12)

2 2

. dt .
From the condition = , it follows that:
|

o, - ‘T‘!'
tan2g, = -————% (13)
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Starting from principal stresses oy = 0, and o, = o, the sectional stresses in an inclined

plane under angle « work out at (Fig.2):

O, 4G, 0, -G
g, =ty P pos2a (14) Tuv Ou
2 2
g1
—af—
ISR
Ty = “2 . sin2a (15) a
2
02
Fig.2:
If you regard « as the difference angle o = @- @, where ¢ is the angle between the principal Sectional stresses at an
stress plane standards and the x-axis and ¢ is the angle between the standards of the inves- inclined plane

tigated plane and the x-axis, the sectional stresses turn out as:

(Ju _ ,0—1 A (72 o (T.‘ = (5'2 -COS 2((‘_]0 7 [{]] (16)
2 2
Ty = ;“2 -sin2{ey — 1) (17)

As the principal strains behave in the same way as the principal stresses and the principle axis

angle is the same, the following equations can be set up for SG rosettes.

e e Ay b
L= TE TR s 0(a - gy) (18) y
2 2 Y
C
da
€, +E, & —£&, B/
=, 008 2(f ~ () (19) o X
—
g = 51T cos2(y - ) (20)
Fig.3:

The angles of measurement
directions a, b and ¢
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This allows the evaluation equations shown below to be differentiated for the two usual ro-
sette design types (0°, 60°, 120°) and (0°, 45°, 90°), with the distinction being made between

three different cases, in accordance with the installation.

Ist case: 45° rosette with  (e_45, &0, €,45)  (-45° 0°, +45°)
2nd case: 45° rosette with  (eg, £,45, €,90) (0% +45°, +90°)
3rd case: 60° rosette with  (e_g9. €9, &,60) (-60°, 0°, +60°)
4th case: 60° rosette with  (eq, €,60. €4120) (0% +60°, +120°)

From the strains measured in the three directions, it is possible to use equations (21) - (36)

specified below to calculate the required 9 target quantities £11€200:01:02 Tmaxi Txa Ty Ty

Principal strains

General solution:

2 2
g,, 8 —2 ¢ CO52m J[Zsu =Wy = 1-‘.,“,J [sw —s;,w) (21)
1z = = i

2-(1-cos2wm) 2 (1-cos2w) 2-sin2am
tang = —== "% tang (22)
Zrgg—e —v

1st case (45° rosette with -45°, 0°, +45, w = 45°)

fi5—Egs N2 2 2
£, =2 > & i7\j({!45 ) e, —ey) (23)
tang’ = _ B T¥as z (24)
£g—E4,. —£4 N

2nd case (45° rosette with 0°,+45°+90°, w = 45°)

£ 7ED+EQO+£
L T

‘j(tu - '945)2 + (345 - ‘590)2 (25)

21345 —tg — Egp _ Z

tany” = = 26
J €p = Eap N e}
3rd case (60° rosette with -60°, 0°,+60°, w = 60°)
1 V2
tyg = g("'_so +85 — £ g )i?\/(ﬁ_so —tp) + ey — o) +{e—€ ) (27)
tang’ = (£+so — £ g )\/E _ E (28)

26—t g —tug N
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4th case (60° rosette with 0°, 60°,120°, w = 60°)

£, 4+E g +E

g = %i \K‘ ‘+60 e ‘ +60 fwlzu)z < (‘3»,120 - ‘30)2 (29)

tan q;" - M = E (30)
"€g —F.sp =L, N

Principal axis angle

Tab.1:
=¢[2

principal axis angle ¢,
taking the sign of
the numerator and

0°< @o< + 45°

Il + - +45° < @y < +90° @o=(180°+ ¢) [2
0 0 the denominator into
1l _ _ 45> o> -90° o = (¢ - 180°) [2 account in equations
24, 26, 28 and 30
vV - + 0°= ¢y =-45° @o=¢"[2
Principal stresses
E
a, :—2(l'.1+\"82) (31)
1-w
@y = (: Ve, (32)

Maximum shear stress

((51 =, ) (33)

YN

Tax =

Stresses in the x-y system

a, = 1 (G, + 0, 1+ l(c_s, -, )cos2y (34)
2 2

a, = %(01 + 07, )— = (01 -, ) cos2¢ (35)

Tyy = %(01 -, ) sin2¢ (36)
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T T T The accuracy of stress analysis with the relations shown is de-
} } } Mt monstrated by an example below. A stiffened regular cylinder

7 T - T = - T shell made from AICuMg, the basic design of which corresponds
\ \ \

to a miniature model of an aircraft fuselage, is put under torsio-

Al Stress analysis in the aircraft fuselage model
-
\
\
1
|
\
\
| ‘
[

Al nal stress. It is 2m long and is stiffened longitudinally by 12 ,top-
Detail B

Section A-A hat" sections, spread evenly over the circumference. The number

~

Riveted connection _—

Fig. 4:
Stiffened shell of the regular
cylinder, diagrammatic view The SG rosettes are used to measure the strains in the three fields

of ,top-hat" sections is doubled to 24 at the ends for clamping
and load application. Additional ring-shaped stiffening elements

Longitudinal
stiffening element

(frame sections) are fitted to increase stability. This torsion tube

is loaded at the free protruding end by pure torsional moment.
The regular cylinder shell is shown in diagrammatic form in Figu-

re 4. Figure 5 shows the complete test setup.

and on a longitudinal section and the stresses will be determined
from this. The longitudinal sections increase torsional stiffness,
as they are riveted with the free sides at the skin. Bredt's formula
is applied for the theoretical calculation of the stress distribution,
that is to say, the torsional moment M; that is introduced is ab-

sorbed by the complete tube and by the 12 part-tubes.

Theoretical determination of shear stresses

The cylinder is substantially stiffened by the 12 ,top-hat" sec-
tions, with the shear flow at the riveted connections branching
over the outer surface to the ,top-hat” sections (Fig. 6) and the

correlation to the loaded moment represented in equation 37

applies.
Fig. 5:
Test setup for experimental
stress analysis
i+t
t1 \ —_— | t1

\ :' + positive
\ t2 !

Fig. 6:
Distribution and direction
of the shear flow
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Mt-2:t-A,+2 St, A, (37)
The torsional angle in the small tubes is identical to the torsional angle in the entire reqular

cylinder.

The torsional angle for a tube follows from:

1 {
& = - —d 38
Y=safse™ 38)

whereby the following applies for the entire tube including the stiffening sections:

o du _ du

2-A-1]_t1‘!1‘m+(t1+t2)25£ﬁ (39)
o du ) du

2-A-ir=t, 2ﬁ+(t2+l1)2-£ﬁ (40)

With displacement amounts &

du du du
&, = [—— o= [— Oy = [—— 41
11 '.II;S‘G : 12 }II;SG : 22 J;SG ( )
you obtain the equational system (42) for the required quantities t;; t, and ¥

A, ZAZ 0 ] t, Mt/ 2
611"’2012) 2612 -2:A; 11|t |=] O
St (o, +30,) _2-2;\2] o 0

where A, ... is the cross-sectional area of the tube, A, ... is the stiffening section area, 8;; ... is

(42)

the displacement amount only with shear flow t; , §,, ... is the displacement amount with t,

and t, , 8,5 ... is the displacement amount in the stiffening element section.

The shear stresses in the individual sections result from the shear flow and the wall thickness

to:

—
—

>
—
4e
——

[

i
=4

(43)

Thau = Teroit = Taiey =

w |

The distribution of the shear flow is shown in Figure 7.

Fig. 7:

Shear flow in the outer
surface and in the ,top-
hat* section

t1+t2
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For the experiment/theory comparison, the calculation of critical buckling shear stress ac-

cording to
-
t,, =125E-2. 12 (44)

is also required, as in the sub-critical range, when there is not yet any buckling, oy = -0y =7
applies. In equation 44, r represents the radius of the regular cylinder, s the thickness of the
sheet in the skin of the cylinder and b the field width (distance between the rows of rivets).
The shear stress and the shear flow can be determined experimentally from the strain values
of the rosettes.

The calculation results for the load steps to be followed in the experiment are listed in

Table 2.

Tab. 2:
Theoretically calcula- My [kN-m] Tskin - [N/mm?] Tsection  [N/mm?] Tweo [N/mm?]
5 8.92 2.58 6.34

ted stresses

10 17.84 5.16 12.68
15 26.76 7.74 19.02
20 35.68 10.32 25.36

Experimental determination of shear stresses
Fia.8 For the experimental determination of the stresses, SG rosettes of the RY13-10/120 type
ig. 8:
Positions of the SG
rosettes on the shell of the
cylinder

(HBM) were installed at a total of 6 measuring points. The measured values were recorded
with the UPM 100 multipoint measuring unit (HBM), in conjunction with a PC. The measuring

point positions are shown in Figure 8. Rosettes 1-3 (SGs 1-9) are located on the outer surface

Rosette 1 Rosette 2 Rosette 3/6

Inside section area, detail A

Rosette 5
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between stiffening elements, rosette 4 (SGs 10-12) on the outer surface over a stiffening
element, rosette 5 (SGs 13-15) on the inside at a stiffening element and rosette 6 (SGs 16-18)
on the inside between stiffening elements. Figure 9 shows the test setup with the measuring
device (on the left) and the SG rosettes. Table 3 (overleaf) contains the measured strain va-

lues of all the individual SGs in the four load steps.

Fig. 9:

Test setup with
installed HBM
SG rosettes
RY 13-10/120

The principal stresses o , and the principal stress angle ¢, are calculated from these measu-
red values. The angle is calculated in accordance with the frequently used elementary equa-
tion
tan2q, = — 4t (45)
2rg — b~ g

and in accordance with the improved equation (24), where a distinction is made between
cases, in accordance with the signs of the numerator and the denominator of the tangent
function, corresponding to Table 1. A direct comparison is made with the theoretical solution

via the maximum shear stress. These results are combined in Table 4 (on page 13).

ram 2/2005 1
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1 5 0 0 0

Measured SG values

1 2 -150 -320 -440 -560
3 170 320 470 650

4 -10 -15 -30 -50

2 5 -174 -360 -525 -710
6 150 320 456 620

7 0 20 25 45

3 8 -164 -330 -485 -650
170 330 480 690

10 -28 -80 -100 -110

4 1 -140 -265 -400 -530
12 130 230 340 420

13 0 0 -10 -30

5 14 35 70 100 120
15 -25 -50 -100 -130

16 45 80 90 95

6 17 =175 -300 -480 -640
18 208 380 550 690

Tab. 3:

(strains in pm/m)

Estimating the results

The results presented in Table 4 indicate
that the principal axis angle @4 produced in
accordance with the elementary equation is
incorrect for rosettes 1, 4 and 5 (printed in
red). In the skin and in the web, the angle
must have the same sign and theoretically
assume the value of 45°. In the section, the
shear flow works against the direction of the
cylinder and so it also has a different sign.
Correct values are always produced when, in
accordance with equation 24, the sign of the
numerator and the denominator are taken
into account. In this example, it is not pos-
sible for different angles to be evaluated for
the principal axes in the same shear field. It
indicates rather more that when the elemen-
tary equation is applied for the principal axis
angle, some of the angles that are defined

are incorrect.

The theoretical calculation of the shear
flows and the shear stresses is made under

the assumption of ideal conditions. With

experimental stress analysis on the other
hand, many influencing factors have a role
to play, which results in the measured va-
lues deviating from the ideal values. The SG
rosettes were applied under 45° so that the
45°strip was in the horizontal direction (0°).
Even slight differences to the prescribed
angle cause errors. In the ideal case of pure
torsion, strain must disappear at 0°. The two
SGs under 45° and under -45° must have
opposite signs but identical absolute values.
If you look at Table 3 with the measured
values, it is possible to identify vast diffe-
rences. The following sources of error should

be mentioned :
e (Clamping and force application by a

force couple was not exact.

® The riveting process caused the skin
of the regular cylinder to prebuckle
slightly.

e The SGs are not perfectly aligned.
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I T S

@q in accordance @q in accordance

M o @ T, T,
Rosette € L 2 with the elementar with equation 24 EES ERS
kN INfmm2]  [N/mmZ] ) Y ! [N/mm2] [N/mm2]
equation 45 and Tab.1
5 9.6 -7.6 +42.3 -47.6 8.6 8.92
1 10 17.2 -17.2 +45.0 -45.0 17.2 17.84
15 26.0 -23.0 +44.0 -46.0 24.2 26.76
20 37.2 -28.2 +42.9 -47.1 32.7 35.68
5 7.5 -9.9 -447 -44.6 8.7 8.92
. 10 16.3 -20.3 -44.6 -44.6 18.3 17.84
15 22.9 -29.8 -447 -447 26.4 26.76
20 31.9 -40.3 -44.8 -45.2 35.8 35.68
5 10.6 -8.7 -43.0 -43.0 9.7 8.92
3(6) 10 20.1 -16.1 -42.4 -42.4 18.1 17.84
15 28.6 -25.3 -42.6 -42.6 26.9 26.76
20 38.3 -33.8 -43.0 -43.0 36.0 35.68
5 6.9 -7.9 +40.2 -49.8 7.4 6.34
4 10 12.0 -15.5 +37.9 -52.1 13.7 12.68
15 17.3 -23.3 +39.6 -50.3 20.3 19.02
20 20.2 -31.2 +41.7 -48.3 25.7 25.36
5 2.1 -1.1 -40.3 +49.7 1.6 2.58
5 10 4.2 -2.3 -40.3 +49.7 3.3 5.16
15 5.4 -5.4 -42.1 +47.8 5.4 71.74
20 6.4 -7.4 -39.3 +50.6 6.8 10.32
Tab. 4:

Comparison of rosette

In the sub-critical range, the measured strain
values between rosettes 3 and 6 correspond
well, which leads to the conclusion that the
curved skin of the regular cylinder is so stiff,
that it is sufficient to only take measu-
rements at the outer contour. If, on the
other hand, there is elastic buckling in the
supercritical range, it is essential to measure
both the inner and outer surface of the skin
congruently. If the design makes it impossib-
le to get at the inside to take measurements,
then the curvature must be determined by
an alternative method of measurement at

the outer contour.

ram 2/2005

It is finally worth noting that with thin-
walled structures, there are always diffe-
rences between the results of experimental
stress analysis using strain gages and the
theoretical calculation. However, the results

can be rated as good.
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Summary

The article presents a new test for analyzing
the mechanical stress of adhesion anchors in
C-C-T nodes. The primary aim of the investi-
gation is to develop a practical design stan-
dard which, in the form of a dimensioning
program, can be used to define important
parameters for reinforcement anchorages.
As well as the various concrete qualities and
bar diameters, the parameters used in the
program include the adhesion length and the
angle of inclination of the tie bar. Described
below are the construction and instrumenta-
tion of the test piece, the test setup, the way
in which the experiments were performed

and the results.

Introduction

When designing concrete structures, the
precise dimensioning of the anchorages is
a difficult problem, that can only be solved
on the basis of experimental and theoretical
investigations. Important aspects of this
problem are dealt with in reference items
[1]-[14]. Of particular significance is the
interpretation of the geometric dimensi-
ons such as the length of the anchorage
in elements such as brackets, moldings or
structural elements supported by girders.
The strength of adhesion depends not only
on the length of the anchorage, but also the

compression parameters of the concrete.
High transverse compressions (perpendicular
to the reinforcement bar) vastly improve the
strength properties, thus allowing the length
of the anchorage to be reduced. To quantify
this correlation, a new test was developed
which allows the adhesion forces of CCT
nodes (compression-compression-tension
joints) to be analyzed and the application
of tensile stress to the reinforcement bar
to be recorded metrologically. A distinction
is made between the load amounts trans-
mitted to the transverse compression area
of the concrete and those diverted into the
reinforcement bar of the anchorage. The aim
of the investigation is the development and
experimental support of a dimensioning pro-
gram that allows the construction engineer
to specify reinforcement anchors in CCT no-
des. The available parameters in this program
are the concrete quality, the diameter of the
reinforcement bar, the application length at
the reinforcement bar (adhesion length) and
the angle of inclination of the bar axis to the
flow of force. To determine the transmission
of force to the reinforcement bar, the inves-
tigation looks at the distribution of force
to the concrete structural element and the
bar, when the force is introduced oblique-
ly into the bond. The diagram in Figure 1

clarifies the flow of force in the concrete.
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The horizontal component of force C applied obliquely under angle 6 is split into amount T,
(transmitted by the joint) and amount T, (absorbed by the anchor). The vertical component is

supported as amount R by the lower bearing.

Fig. 1:
Diagrammatic
view of force
distribution in

concrete
Bar axis
R
Anchor Joint
The total bar force, produced from the force equilibrium in the horizontal direction, is
T=T,+T,=C-cos8 (1)
with amount T;, as shown in Figure 2, being applied gradually to the bar over the length of
the joint.
Fig. 2:
Diagrammatic
\ ™ | | | T view of the
\ - [ - - | \ - Bar e
longitudinal force
- — )
T response in the
Anchorage Joint reinforcement bar
P~

ram 2/2005 15
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Test facility

The experimental implementation of the stress
ratios presented in Figure 1 is achieved by using
a concrete test piece that is split in two, with

both the parts connected by a reinforcement bar
with a solid reinforcement anchorage (Fig. 3).

While the cross-sectional measurements are
i ‘ fixed, with a width of 15cm and a height of

. ‘
/ P o W 24.cm, various dimensions such as the adhesion
ST ! 7 '
Ly L.

lengths, a; and a,, are variable, so that tests can
2

be run with different parameters, such as the

6 angles of inclination. The solid joint between the
\ reinforcement bar and the concrete is only made
Fig. 3: in the exactly prescribed a areas in both the
Test piece with loading parts. In areas d and e, adhesion is prevented by

inserting PVC sleeves. The reinforcement bar is
anchored at the outside ends of the blocks, by a
nut and a washer in each case. Force transducers
are fitted here to measure the residual anchoring
force (Fig. 5). Steel elements are added in the
upper block area to transmit the compressive
forces that arise between the blocks when under
load. These implement a flexible joint with sharp

edges and fins.

To perform the test, this test piece is fitted into a
hydraulic load frame (1,000kN), where it is sup-
ported underneath on two free-moving rollers
lubricated with MoS2 graphite mounting paste.
At the top, total force Fis distributed by a bridge

and is introduced to the test piece also via cy-

Fig. 4: lindrical rollers. All the force application points
Test piece with to the concrete are strengthened by inserting
loading device steel plates. Figure 4 shows the test piece fitted

into the load frame.
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Fig. 5:

C6A 200kN force
transducer for
measuring external
Receiving and processing measured anchoring forces
values

During the continuous loading of the sample
generated by the hydraulic test machine, the
following mechanical quantities are recorded

metrologically.

1. Forces

® Total force of the hydraulic cylinder

e Bearing forces at the lower supports

e Anchoring forces at the side anchorages of v
the reinforcement bar.

Various HBM force transducers, such as the

€, =
C6A (200kN) and the C2 (100kN) were used to o
measure force. As an example, Figure 5 shows () 5 & &
&

the C6A force transducer (200kN) that was used

to measure the anchoring forces.

2. Strains

& ]

e Strains in three directions (rosette

measurement) in the force flow area //////////////

of the concrete blocks, with LY42-50/120
strain gages (HBM)

Fig. 6a: Position of the SGs and the displacement transducers:
1-6 LY42-50/120 SGs (HBM), 7-8 LY41-3/120 SGs (HBM),

e Longitudinal strain in the center of the 15-16 displacement transducers
reinforcement bar, with LY41-3/120 strain
gages (HBM), to determine bar force T

(Fig. 6a, measuring points 1 to 6)

(Fig. 6a, measuring points 7 and 8
and Fig. 7)

3. Displacements

® Opening of the central gap between
the concrete blocks, with SLS190/50
displacement transducers (Penny+Giles)
(Fig. 6a, measuring points 15 and 16)

Fig. 6b: View of the complete installation
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Fig. 7:
LY41-3/120
SGs (HBM) for
measuring total
bar force T

Fig. 8:

Display of
measured
values in real
time during the
test run

Tab. 1:
Parameters Value
Parameters of
the test pieces Concrete quality (compressive strength in MPa) 25 50 80
used
Diameter of the reinforcement anchor in mm 12 16 20
Angle of inclination of the anchor to the flow of force in ° 27 45 63
Adhesion length (left to right) in cm 5-20 15 - 15 10 - 25

e | TR
——i

e

-

Bl @@k gmespees iges [l

A software package program developed at the
Civil Engineering Institute of the Polytechnic
University of Valencia was used for automatic
control of the test machine and to record, visu-
alize and store all the data in real time. Figure 8
shows the real-time presentation of the measu-
red values during a test run. All the measured
values are represented as a function of the total
force. The details are as follows: top left are the
strain values of measuring points 1 - 6; bottom
left is the total bar force, calculated from the
strain values of measuring points 7 and 8; top
right are the anchoring forces at the external
fastening points and bottom right are the dis-

placements at measuring points 15 and 16.

Test program and results

A total of 81 instrumented test pieces were tes-
ted in the described test facility. The tests dif-
fered with regard to concrete quality, execution
and inclination of the reinforcement anchor and
adhesion length. The test parameters are listed
in Table 1.

The parameters were used as the name to uni-
quely identify the sample and the test. Thus, for
example, (V-25/16/45/10-25) means concrete
strength 25MPa, bar diameter 16 mm, angle of
inclination 45° and adhesion lengths 10cm on
the left and 25cm on the right side of the test

piece. The correlation measured at this test piece
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between the total tensile force T, measured in

the tie bar and the anchoring force T, recorded w28y 181 w8 (10-25)

at the external anchorage point is shown in the - gt an — i~ - -

graph in Figure 9 (equation 1 and Fig. 2). 2 : : E ! E
e e vy S S TS
W = = i AT et g

This clearly shows that with an adhesion length i o Eheaas 47 I o e ' )RR B s e

of a=10cm, the total force is transmitted vir- E . s "“E““‘“E“““‘E“““E‘“‘“‘E‘“"“',F““"E“““‘

tually totally to the concrete block via the bond, e -:I —————— -i ------ 1: —————— E —————— .:r —————— :r ————— —E ———————

up to a value of T= 60kN, which corresponds to § N e (- i ______ H— i ______ - — EL ______ '; _____ ,i_ ______

a longitudinal stress of o = 300 MPa. The exter- P | E :r : : E E

nal residual anchoring force stays very small, at 4 a B 0 50 i

T, = 2kN in this initial area. There is then a more
pronounced increase in T, and at T~ 100kN, a

value of T, = 13kN is reached. In this load range, 5 . . .
Fig. 9: Correlation between total anchoring force T and external anchoring

adhesion subsides increasingly between 60kN force T, for adhesion lengths a = 10 cm and a = 25 cm

and 100kN, with the maximum force that can be
transmitted by the bond being T; = T-T, = 87kN.
Any further increase in load will lead to the
failure of the tie bar. If the adhesion length is
a = 25cm, it is not possible to observe any subsi-
dence in adhesion until T= 100kN. The joint will
also fail here if the maximum load in the tie bar

is exceeded.

As well the failure of the tie bar as a result of
exceeding the maximum endurable tensile stress,
the tests made it possible to observe a further
failure mechanism. This is a crack that divides
the concrete solid vertically into two pieces,
before the tie bar fails (Fig. 10).

In Figure 10, the area marked by (a) on the ex-
posed tie bar is that in which a joint between the
concrete and the tie bar is prevented by the PVC

sleeves. The actual adhesion area is identified
by (b) and (c) marks the SGs that were used to
measure the total anchoring force T.

Fig. 10: Joint failure caused by cracks forming
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Conclusions

Compared to other, well-known tests, the
test procedure described here has the ad-
vantage that the transverse load increases
in proportion to the tensile force in the
reinforcement bar, so that the angle of incli-
nation between the forces remains constant
while the load is increasing. This enables the
stress simulated in the test to correspond
very well to the actual ratios, as they occur
in real life in the anchorages of girders, bra-
ckets or moldings. The idea of having a test
piece that is split in two enables two tests to
be carried out simultaneously with different
parameters, with it always being possible to
run the tests to their conclusion until failure,
for both sides, even if the joint on one side
gives way prematurely. In previous test imp-
lementations, the maximum load was limited
both by the tie bar giving way and by cracks

forming.

Because of the extensive instrumentation
and the fact that the measured values are
recorded in real time, the state of the joint
can be watched continually. Because the
strain gages are prepared at the outer sur-
faces of the concrete blocks in the force
flow area, incipient cracks can be detected
in good time by increasing the strain. The
important strength properties of the joint
can be assessed, with precise force measu-
rement, especially of the force transmitted
from the tie bar to the concrete block and
thus the requisite adhesion length, making
it possible to accurately determine the ad-

hesion length.
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