Tensﬂe Capacity of Steel Connectors with
- Short Embedment Lengths in Concrete

& Scan2PDFE

J.I. Reltyy hurrotech.Colq R, Park

August 1 993 93-6

Department of Civil Engineering

. University of Canterbury
 Christchurch New Zealand




by

J.I. Restrepo-Posada and R. Park

Scan2PDF

www.b Uterotechecoriy-6

Department of i Engineering
University of Canterbury
Christchurch
New Zealand

August 1993




--------------

2 Assessment of the Tensile Ca of Connections with Short
o Embedment Le amc b

-
®
=
.
-
-
®
=
=
"
.
-
.
.
-
-
-

2 GcncmlWWWburrOteChcom ....... S i e

2 Tensile Capacity of tezded Ssel Anchors . oo coovienin s el by el
2.2.1 ACT Cormittes 249 - Appendix B Method (1985) ...... 4
222 PCI Design Hondbook (1985) ... .. oo vnvvaaanns 6
223 Method Proposed by Bode and Roik (1987) . .......... 7
224 WeMethod:, s e i e T e R e

23 Tensile Capacity of Hooked Bars with Short Anchorage Lengths
EGnereEtes = L ia sl s e ek AT e e S

Test Programme . . .. .. ....coouocnneuinaaaaacn s
I Ohfectives e e St

~ Tensile Tests on Isolated Proprietary Connectors .............«



e

ﬂ m;*m Bobtbrmetseies  aaget = Teed  Yiwpitews

'hc——-scaHZPDF

www.burrotech.com




e of steel anchors with short embedment lengths in concrete has a wide range i
in the concrete industry. The load transfer by the anchors relies on the

gnificant use of headed concrete inserts and hooked reinforcing bars. The current Concrete
~ Design Code (NZS 3101, 1982) provides no guidelines for the design of these load transferring

This report reviews Sveamqhgplﬂ_d for the evaluation of the load

transferred by headed anchors and hooked bar anchorages with short embedment lengths. The
results of experimental work OMVMYAAL R rt?ﬂi@ﬁbﬁ@fgmstom protruding from a prototype
tilt-up concrete wall, are discussed.

A design equation for headed concrete inseris and hooked bars, that considers the
possible variations in the material strengths as weli a3 the construction tolerances, is also
discussed. The design equation is based on the \-method developed at the University of
- Stuttgart for predicting the tensile capacity of headed anchors. The second moment
probabilistic method is used to account for the possible deviations of the main variables

ting the tensile capacity of the connectors from their ideal or specified conditions.
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reduction factor that account for edge effects and overlapping of failure
surfaces

factor to account for the effect of bar diameter on the required embedment

length
strength reduction factor

strength r@@amrzglﬁ Eth the concrete cone pull-out failure

reduction MEWM aBdEEREEEH: 6 Mrcrense of the concrete pull-out strength
‘due to edge effects

reduction factor to account for fhe deirimental effects of cracking on the
concrete pull-out strength

reduction factors associated with the decrease of the concrete pull-out strength
due to overlapping of failure surfaces

effective projected area of failure surface (mm?)
area of the surface failure of a truncated cone (mm?)

projected area of conical failure surface o

roje f a single anchor, excluding its
bearing area (mm?)

- area of steel anchored in a member (mm?)
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Ty, Ty,

'z

e

distance between anchors in the x and y

= tens:lc capacity of an anchor or group of anchors (N)

I

If

‘tension force in the concrete cone failure surface in the pre-cracked region (N)

predicted concrete cone pull-out strength of an individual embedment (N)

mean concrete pull-out strength (N)

tensile force in reinforcing steel (Nb
Scan2PDF

tension force in the concrete comne failure surface in the post-cracked region
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global coefficient of variation of e inducing and resisting mechanisms

lever arm distance (mm)

effective restraining distance in hooked bar anchorages (mm)




Concrete inserts and hooked bar anchorages have a wide range of application in the
_.Erecast concrete industry. They are commonly utilized during lifting operations or to
interconnect precast concrete elements together to enable the transfer of superimposed loads.
In addition, they are also required for transferring forces arising from volumetric changes due
to the rheological nature of concrete, from relative settlement of the supports, and from

temperature variations or from inertial effects during earthquakes.

The force transfer mechanism of these connectors relies on the mechanical interlock
between the connector and the surrounding concrete. This is why their embedment lengths are

generally small compared with normal anchorage lengths required for deformed straight bars.

Extensive use oiagl:cai@tz E} Df&]d in tilt-up conerete construction. Steel

anchors have been used tow%wcbfﬂ r%t'é“éf'r < JFffast concrete floor system to the external

walls through a cast in place concrete ':,-r"-'i*-;r- i¢ of at least 50 mm thick, Figure 1.1 shows three
connecting methods often used in pracii=+ 7 “lew Zealand. The first arrangement, illustrated
in figure 1.1a, consists on a proprieiars <onorsie insert with a headed base and a threaded
sleeve. Additional reinforcement is usuziiy pesad thirough an eye-hole at the base of the insert

to enhance the concrete pull-out strength. Threaded reinforcing bars are screwed into the insert.
Concrete inserts are easily positioned and held during the casting of the concrete. However,
one disadvantage is that some proprietary concrete inserts available in New Zealand possess
rather short embedment lengths which might not prevent brittle concrete cone pull-out failure
occurring before yielding of the reinforcing bar. Hence their use is not recommended when
there are possibilities of spalling of the concrete in the region of the member where the insert
is located. Another arrangement, depicted in figure 1.1b, makes use of hooked reinforcing bars
anchored near the far side of the member. A transverse bar of the same diameter as the bent
bar is commonly tied in contact with the inside of the hook in the belief that in shallow
members it improves the anchorage conditions. This arrangement is very economical and
efficient as it takes full advantage of the depth of the member for anchoring the bar. Its use
is limited if the precast concrete members need to be stacked before construction. The practice
~ of bending the reinforcing bars to enable stacking of the precast panels and straightening them
- once the member has been positioned should only be permitted if the reinforcing steel is not
_m@- bﬁ’ Sﬁ‘aln age embnttlement (Erasmus 1981) An altematlve arrangemeﬂt shown iﬂ
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: This section describes four of the most known methods available -f-:)'r-the'evalu&%iﬂﬂ !
“of the tensile capacity of headed steel connectors. Furthermore, two procedures for predlcnng
'ﬂzg tensile capacity of hooked bars with short anchorage lengths are also outlined. A sta‘tc-nﬁ

the-art report on this topic has been published by the Comité Euro-International du Béton
(1991).

Figure 2.1 outlines the possible modes of failure displayed by steel anchors embedded

in concrete. All concregﬂ\? ﬂr@:la. F the mode of failure caused by pull-out
B

of the anchor, are characterized by a brittle behaviour with limited deformability. This is why
most design recommendgtignw . el pOotedi [@0dviour by precluding, as far as possible, a
concrete failure, and aim to ensure a sisel failure due to fracture of the threaded rod or bolt,
or by extensive yielding of the reinfurcing bar anchored in the member. Of the four possible
concrete failures, the cone pull-out failize is the one that gives the higher load carrying
capacity. The remaining modes of failise cun be preciuded by ensuring appropriate strength
hierarchies.

Steel Failure
Connection Failure: Thread Stripping

Cone Pull-out
Blow -out: Bursting Failure Near Edge
Anchor Pull-out: Bearing Failure at Anchor's Head

Possible Modes of Failure

Loss of Concrete Cover Under Hook

S Fail
prating | Other: Premature Flexural Cracking




d ¢, :e,i-e matenal factors for the applied load and strength reduction factors for th;a"
my I anisms, respectively, to reduce the possibility of concrete failure, A, is the section
_ f the bar being anchored, f, is the design steel stress, Eq is a factor less than unity that
. .mams for the reduced loads caused by the edge effects and/or by the proximity between
m&}ﬁ@ent anchors, and T is the mean pull-out strength of a single embedment anchored in

mmracked concrete and displaying a cone failure.

The way that four different methods use the above factors is discussed below.

Scan2PDF
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221  ACI Committee 349 - Appendix B Meikod (1985)

The ACI Committee 349 - Appgrs&ix B “iethed (1985) assumes that the pull-out
strength of the concrete is determined as an unomy enslie SIXess in the concrete acting on an
effective area projected from the surface failure. s :iﬁpa,c-ted in figure 2.2, the surface failure
is assumed to develop from the bearing edge of the anchor or from the far side of the member,
depending on the embedment length to overall member thickness. The angle of inclination of
the idealized surface failure is assumed to be 45°. A conical surface failure is assumed for
simple arrangements while a truncated pyramid is assumed for more complex arrangements.
Cannon et al (1981) give the background of this method and Klingner and Mendonca (1985)
compare predicted and measured tensile capacities obtained for a series of tests.

For design it is recommended that the following factors in equation 1 be used:




For ancher 3

,A = ﬂ.ﬂ!{??'-f‘d }
A,

A =__q -..._ d,%

Strass conas
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T ]
Effact.‘va-// (a+2h,-21) \Eﬁacﬁv&

stress & sfress

area area

Shallow Member

Failure Surface Assumed by the ACI Committee 349-Appendix B
Method (1985).

0.65 in any other case.




The thickness of the head of the anchor is to be at least 1.0 times the
greatest dimension from the outer most bearing edge of the head to the face
of the shank,

(©) The bearing area of the head of the anchor is to be approximately evenly
distributed around the perimeter of the shank.

Scan2PDF
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The recommendations for the design - gorsadments presented by the PCl
Design Handbook (1985) are based on the report 1o 0 & Shaikh and Whayong Yi (1985).
" This method assumes a surface failure with an incioroon angle of 45°

The following factors, which were made compatible with the formulation presented

in equation 1, apply:




hased an:-.a :r&g_reﬂssmn.a.-annl}rms of cx-lse.mg-- u:st da;g_;__

10.96 VA, (h, + d) VT, = 1189V, (h, + d)VE (N), |
where d, is the diameter of the head of the anchor and f], is the camprzgm S
| cube strength of the concrete. The second equation using f, instead of ..
¢ " : was given by the Comité Euro-International du Béton (1991), which assumed
- f./f. = 1.176. The coefficient of variation found between the predicted and
measured pull-out strengths in 106 tests with h, < 175 mm was 10.1%.

Bode and Roik also obtained the following equation for T, ignoring the influence of

the diameter of the heaSC an 2 P D F

T.= 1semaviviburrotech . ¢omn), (%)

They point out that the valus of T. proposed should be reduced to 80% of the values
obtained from equations 4 or 5 when &= “0 mm, They also recommend that the thickness of
the member anchoring the connecter %o 9¢ limited to t = 2h,, since tests where flexural cracking
developed due to insufficient member thickness showed a general trend to reduce the pull-out

strength.

The following reduction factors were proposed to account for the edge effects and

for the closeness between anchors:

G = W V¥

Ay, = c/(l.5h) = 1.0, is the edge factor for an anchor with one free edge
o w,= ¢/(2.0h) < 1.0, for an anchor with two or more free edges

{1 +(n-1)(shs,)} /n <10, 0s the group factor in which n is
- of @gqhvm s is the centre-to-centre distance I::=e:i;w<:vmr ann:hm anc
-_.ﬁﬂtiaai dmtance when t:ﬁ.'erlapplng of :he surface___



! t‘if Stuttgart (Comlté Euro-lntematmnai du Bétan 199;_.._. .
'gﬁa{”ﬁi@ laased on extensive laboratory tEﬂt results and analytical work, forms the !

The mean pull-out strength of a single headed anchor embedded in uncracked

ncrete displaying a full cone pull-out failure is given by

T h Ve () (6)

The coefficient of gleoafwgyp sured and predicted loads using the
4 s

above equation in some 100 tfests was 14%. statistical analysis indicated that for
commonly used headed anchbih diurdiertethe G@mwas not an important variable. In this
method it is recommended that a splitting failure can b svoided if £, 2 20 MPa; ¢ 2 1.5h,;
52 3.0h, and t = 2.0h,,

Laboratory tests conducted by these researchers have shown that the pull-out strength,
as well as the stiffness of headed anchors, can be significantly reduced in the presence of
cracks. For a crack width of 0.4 mm the pull-out strength in several tests decreased to between
25-45% of the pull-out strength in uncracked concrete.

Experimental work has also shown that anchor pull-out failure occurs when the
- bearing pressure at the head of the anchor is approximately 12 to 15f.

_ The reduction factor due to the overlapping of the failure surfaces or to edge effects
"'ﬁa'ﬁ&ff.\n as the product of several individual factors evaluated for two orthogonal directions,

L Wa Wy W Wy where v and y, account for the proximity between anchors
A :-.-.;m thz % ané y dlrecimn, respectwely, and ‘IJ.;; and ww acaaunt f@; th&':‘ i
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Figure 2.3 - Definition of Parameters Used by the y-Method.

2:3 Tensile Capacity of Hooked Bars with Short Anchorage Lengths in Concrete

The available research work conducted to assess the tensile capacity of hooked bars
with short anchorages in wall members is rather limited. Johnson and Jirsa (1981), based on

experimental wark, concluded that two approaches can be used in design.

In the first approach they recommended the use of the proposal by ACI Committee
i 'thﬁ design of hooked bar anchorages with the following added restnc’fmnsw sl



f,.=  f, where f is the lower characteristic yield strength of the anchored bar.

Scan2PDF
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Te= A4vVELud/y (N, (7)
in which £, is the full embedment of the hooked bar and y is either 1.0 or

the product of the several applicasie factors, among them:

0.7 for bars with diameter 28 mum or smaller with side cover normal
to the plane of the hooked bar not less than 38 mm and cover on
the tail extension of 90° hooks not less than 50 mm,

0.8 for additional confinement by closed stirrups or hoops at a

spacing of 3d, or less.

The second approach is based on the recommendations made by the ACI
| M{#ﬁ Emtion 22 1) assuming an eccentric 45° pull—-mu concrete cone. m umg




Projected stress
conearea =xn(t )

(a) Eccentric éll-{)_ut Cone

b) Effect of Compressive Force Induced
C an 2 P D by Bending

Figure 24 - ACLfammiiaridtechieoric B Method Modified by Johnson and
Jirsa (1981) for Use in Hosked Bar Anchorages.




The connection systems tested included RAMSET proprietary concrete inserts,
- VEMO bar couplers, and hooked bars with embedment lengths shorter than those required by
"3]‘-1:& Concrete Design Code (NZS 3101, 1982).

The main parameters studied were:

(a)

(b)

(e)

(c)

(d)

The capac§9§'@o§eﬁy@nﬁw inserts and steel couplers under

axial tensig\iped: burrotech.com

The influence of the concrete compressive strength on the pull-out capacity

of the embedments in relalively pocrly cured walls.

The effect of the compression reactions normal to the wall on the capacity
of hooked anchorages with short embedment lengths,

The possible detrimental effect of the small thickness of the prototype
concrete wall.

The effect of a transverse rod placed through the eye-hole at the headed base
in the RAMSET concrete inserts.

 Tensile Tests on Isolated Proprietary Connectors

’]‘g;mle tests Wgre ﬁrsi pf:rfnrmed on the pmpne,tary connectors (rmt pmb&dded m'

] I
i |
k L
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he middle of the sleeve (see figure 1.1c).

P-'ull-ou_l Tests on Connectors Embedded in Concrete

Figure 3.2 shows the types of connections embedded in concrete selected for testing.
The first and second connection types shown in figures 3.2a and 3.2b are RAMSET TCM-12
concrete inserts. The difference between these two arrangements is whether or not the 6.3 mm
diameter transverse bar was present passing through the eye-hole at the headed base of the
anchor. The transverse bars were from cuts of the 663 welded wire mesh that was used for
reinforcing the concrete member. Figure 3.2¢ depicts the anchorage details of the D12 hooked
reinforcing bar. A continuous transverse bar of the same diameter was tied in contact with the

inside of the bend, as it is_ysually done i
Scan2PbF

Three connections of the same type were cast in a 1 m wide by 2 m long slab with
a centre-to-centre spacmé’\m L!:El‘lgetc%?shof:&mmm and an edge distance of 250 mm.
A member thickness of 100 mm was chosen to represent a 125 mm thick tilt-up wall panel with
a rebate of 25 mm which could be use to seat & progristary precast concrete floor system.

The slabs in which the connecicrs were embedded were constructed with different
concrete strengths. Series A had a targs! consrere cumpressive cylinder strength of 20 MPa

while Series B had a target of 40 MPa. Aggrepgate with a maximum size of 19 mm was
specified. The concrete was supplied by Firth Concrete. The slabs were cast horizontally and
cured for three days only. No curing compound was sprayed onto the surfaces of the slabs in
order to simulate the worst scenario of relative poor curing practice. The measured properties

of the concrete are given in table 3.1.

The test set-up conformed with the ASTM E 488 Standard (1990). Figure 3.3 depicts
the test arrangement. For the tests on the RAMSET TCM-12 concrete inserts the positions of
the four compressive reaction forces (see figure 3.3a) were chosen to be such that they would
not enhance the capacity of the concrete inserts nor cause premature bending failure of the
conerete slabs. The test arrangement for the hooked bars was designed to compare the possible
restraining effect induced by the presence of a compression reaction force near the stem of the

hock of the reinforcing bar (see figure 3.3b and c). During casting of the concrete it was

difficult to exactly obtain the target member thickness of the concrete slabs and therefore the

- actual effective embedment length of the connectors was estimated from measurements taken
-&ﬁiﬂ' djf?emnt locations in the vicinity of the anchor.

iiii1l%iil|£f 




(a) Test Series T - Concrete Inserts without Transverse Rods
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PROPERTY SERIES A SERIES B
Slump (mm) 45 A5
{7 at 28 days ‘" (MPa) 22.5 47.6
f, at 28 days @ (MPa) 2.42 4.20
Age at Test (days) 28 32
|
f at Test™ (MPa) 22.5 47.6
N —
oAt rest ™ B 242 3.80
l Age at Tests on Coreyv§emplurrotecheoim 48 39
e 2.80 3.03
70 3.33 5.08
Motes: (17 Average compressive strength of thrze 14575 fumidity cured 100 mm diameter by 200 mm concrete
cylinders.
(2) Average splitting strength of three 100% huidity cured 100 mm diameter by 200 mm concrete
cylinders.
(3) Average direct tensile strength of two notched 75 mm diameter

(4)

The

cored concrete cylinders.
Average splitting strength of three 50 mm diameter by 100 mm concrete cylinders.

reinforcing bars protruding from the slabs were pulled out from the specimen by

a centre-hole hydraulic jack. The reinforcing D12 bars threaded to the concrete inserts in the

Series A were

from the same batch as those used in the tensile test of the individual connectors

(fm= 346 MPa, f,,= 453 MPa) whereas for Series B grade 430 steel D12 bars with
f;,,;, = 425 MPa and f,, = 588 MPa were used. With this reinforcement it was practically

assured that a

-apﬁmae’unately

s

concrete cone failure would occur rather than steel fracture. The applied load

~ was monitored within 0.1 kN and the pull-out displacement of the protruding rod at

5 mm above the concrete surface was measured using a 30 mm linear
Before attaining the peak load, the test increments were 1.0 kN or 0.1 mm,

¢ "'Ef- ‘was the smallest. The peak load was attained after 6 to 10 minutes from the
of ﬁ!@ wst The post-peak response was displacement controlled in increments which

0 mm. Craekzlﬁg around the anchorage was also monitﬁred duri‘ng ﬂtﬂﬁ




| slab and the assumed origin of the surface failure, that will be tﬁs&mﬁ Ia‘mr

~ rod, the projected failure surfaces, visible on the surface of the slab, were unexpectedly large,
- rendering most of the remaining central specimens ineffective for analysis.

Figure 3.4 illustrates the measured load versus displacement pull-out behaviour of the
RAMSET TCM-12 test specimens. The key to the labels on the curves is given at the bottom
of table 3.2. In all tests the ascending peak load was stable and stiff. These
characteristics indicate th @I'&m'bri ﬁﬁg«mmg against the headed base of the
anchors did not occur. The vertical component of the bearing stresses on the concrete ranged

between 3.3 and 7.6f,, U;YMNV%PHIJ%%?QUH:;M cone popped off in a very brittle way,
leaving a peripheral crack pattern. The post-peak response displayed in figure 3.4 has a very

steep descending branch. The base of the truncat=d cone was located at the beginning of the
headed base in all tests on RAMSET 11w oncrete inserts without transverse rods (see
figure 3.5). In the tests including traps. e tuncated cone was pulled-out from the
level at which the rods were placed. -« oo varon can be used to explain the higher load
carrying capacity measured in the tests having 2 transverse rod. The eventual kinking of the

transverse rods also enhanced the post-peak performance. Figure 3.6 shows a close-up of one
of the specimens tested with a transverse rod. However the overall performance of this
arrangement with a transverse rod cannot be considered to provide a large deformability at near
full strength.

342 Tests on Hooked Bars

: The measured tensile load versus bar pull-out performance of the mm«mmm
5 is M in ﬁgm\e 3.7. No major djﬂmﬂ in ﬂungth or load-disg

1‘%%% Except for the tests on RAMSET TCM-12 concrete inserts without a transverse




.',ﬁ___".:_ﬂn Of the ratle hetwecn the effective embedment lcng’rh and the dxstam:e between ﬁm
m‘&gm of the pull-out cone and the restraining plane, instead as a Pl‘OpGrtlon of Teves ite:
distance alone as they proposed.

One major difference observed in these tests was that the post-peak behaviour of the
specimens in Series A, with lower concrete strength, was reasonable stable and displayed good

Table 3.2 - Test Results

S\SG&H 29&@ F Series B - f. = 47.6 MPa
TEST Effgoirey . b ulr r 6tieehticarn B 2 Effective Fu;::-ut Strength
Embedment Depth Embedment Depth
&5 T 41.3 31.1
T-C 2155 53 '" 17 “ 43.3 29.1
T-R 0 5 ; B 42.5 28.2
TR-L 44.4 | Y 46.3 39.0 |
TR-C 44.5 28.0 = 5
TR-R 43.8 28.5 46.3 33.7 ‘
HU-L 50.1 314 51.0 40.6
( HU-R 50.2 32.5 513 36.0
ll HR-L 46.5 331 514 35.4
II HR-R 48.1 30.1 51.8 42 8
Key: T- RAMSET TCM-12 concrele insert without transverse rod.

TR- RAMSET TCM-12 concrete insert with transverse rod,
HU-. Hooked D12 bar with unrestricted surface failure.
Hooked D12 bar with restricted surface failure,

@calnd at the left side of the prototype wall.
t located at the centre of the prototype wall.
ocated at the left side of the prototype wall. iy
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Figure 3.5 - Truncated Failure Cone of ¢o
Concrete Insert.

Close-up of a RAMSET TCM-12 Insert with a Transverse
Testing,
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w Jnhnson and Jirsa (1981). They alsa pomted out that the transverse rod had no
ncing effects on the cone pull-out strength.

Another observation made during the test is that the relatively small thickness of the
slabs did not appear to have a detrimental effect on the pull-out strength of the hooked

The effective embedment length h, to wall thickness for these tests was about

o 0.50, a s:mﬂar than that @ H Q pdD-Fzmx (1987) and the w-method (Comité
- Euro-International du Béton, 1991).

www.burrotech.com

343 Pull-Out Strength Compared with the Tersiie Vield Strength of the Reinforcing
Bars

G It was of interest to note that in the tests on
the pull-out strengths auained by the concrete truncated cone failures were in the range of
= 61-87% of the vield forces calculated on the basis of the reduced area of the bar in the threaded

N Hw In tests on RAMSET inserts with transverse rods, pull-out strengths close 1o or slightly

 above the yield force of the reinforcing bars, calculated using the reduced area of the bars, was

M in heth series of tests (96-107% and 94-109% in Series A and B, respectively). The

were in the range 77-85% and 91-109%
ulated using the nominal area of the bars.

RAMSET inserts without transverse rods




| ‘tﬁteti as predtcted by equations 2 3. 4 and 6 of the methods described in Sectmn 2 2 Théaé

specimens were chosen for comparison since all methods have been previously calibrated for
anchor bolts with similar shapes.

It is evident that the \-method (Comité Euro-International du Béton, 1991) and the
‘method proposed by Bode and Roik (1987) give the closest prediction of the test results

obtained. Both the AC C E qudix B (1985) and PCI Design Handbook
(1985) methods give a significant underestimation of the concrete pull-out strength.

www.burrotech.com

Table 4.1 - Measured and Predicted Pull-out Strengths
of RAMSET Concrete Inserts - Series T

p——

Predicted Pull-out Strength )
Pull-out

Test 1§ Strength Te (kN)
ACI-349 |

|
|
|
|
|
|
|

T,

(kN)

By, 2
8.7
8.3
8.5
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A plot E?f the prechcted conerete pull-out strengths against the effeetwe embg"'
_,the methods described in Section 2 is illustrated in figure 4.1.

- Eﬂdently the ACI
~ Committee 349 or PCI Design Handbook approaches are very conservative for Smaﬂ'

embedment lengths. However, for deep embedment lengths the ACI Committee 349 and PCI
Des;gn Handbook methods predict a concrete pull-out strength larger than the other two
methods. There are two main reasons which explain these differences. First, the ACI
Committee 349 and PCI Design Handbook methods were never calibrated against results
obtained from tests with shallow or deep embedment lengths. Second,
Euro-International du Béton, 1991) has shown that the actual
stress" around the idealized 45°

recent research (Comité
assumption of a uniform "shear
truncated cone concrete failure is conservative for widely
spaced anchors with small or medium embedment lengths but can become unconservative if
used under other conditions. For instance, the degree of conservatism given by the ACI
Committee 349 and PCI Design Handbook methods when used for grouped shallow anchors
can be significantly reducgmce overla all individual failure regions is only
considered when their cen nDZP b Fl It is apparent that to properly
account for many Variable\fv \c;\‘;“ V?I rijirrnrz,g mnﬁth d:acmg 01 anchors and edge distance, the
actual shape of the failure cone i;.m necessarily a 45° surface) and the stress along the failure
surface (not uniform tension) need to be considered more accurately.

Extensively instrumanied puil-out tests in headed anchors have been conducted by

Eligehausen and Sawade (Comité Euro-International du Béton, 1991). Their tests have shown
that the actual failure region gradually develops from the edge of the bearing end. The crack

growth is stable up to peak load. Bascd on these measurements they were able to correlate the

SeLEE AT A e e L

pull-out strength of headed steel connectors with that predicted using the known stress versus
displacement behaviour of concrete in tension. From this study the authors concluded that the
pull-out strength of a headed anchor should be a function of the whole stress-displacement
relation of concrete in tension rather than on the tensile strength of the concrete alone. That
is, 2 main parameter which should be included in the strength equations is the concrete tension
fracture energy, Gy which is the area under the concrete stress-displacement curve in tension,
However, since the only parameter that the designer has control over is the concrete
compressive strength, they concluded that for simplicity the fracture energy could be assumed
proportional to +/T.. as the tensile strength of the concrete is often expressed in that manner,

S

ald oM e el A ) R el L e e e

e failure region and the typical stress-
to explain a size effect not rccogmzed
In these two methods, it

From the measured development of th
displacement behaviour of concrele in tension is possible
t_hy--thc. ACI Committee 349 and PCI Design Handbook approaches. M

 would be expected that the concrete pull-out strength, T, will increase by HPPJ':::: annhars ui
~if the embedment length is doubled. Eligehausen and Sawade have tested he w
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for conerete in tension is known. The force Ty in the post-crack i
y integrating the tensile stress in the cracked region over the f_‘a_il&rg-:

g the t-'ens-i.le;.-s_tpess crack width relationship. If the size of an anchor is augmented
3-&51@?- m, and the tensile force in the pre-cracked region of the larger anchor is e
ratio Ty/T, will increase proportional to m? since both the circumference and the depth of
- the uncracked stressed region will increase in proportion to m. A different phenomena oceurs

in the cracked region, There, the tensile force in the larger anchor is Ty, and the ratio Ty/T,,
will only increase in proportion to m, because onl

y the circumference will increase
Pproportionally to the scale factor

m. The post-cracked stressed region b will remain unchanged

@ 51
& z 1
& |\wWww.burr@tech.com
;_E_)
S %
- - o M
Tensiie Strain, ¢ Lefmoik Width, w W

(a) Deformation Behaviour of Concrete in Tension

2
'
L' <mT,

Discrete
crack




= {}‘ o Tw)f(T i Tw) w1ll not be propomonai to mnor m’.. A g@ﬂd approx

; the pmpamemai increase is to the power of 1.5, as proposed by Bode-Roik and the y-mett
‘which appear to gives good results.

In summary, the method proposed by Bode-Roik and the w-method seem more
accurate and have been calibrated under a larger range of variables. The w-method will be
adopted as the basis for the further discussion and recommendations in this study. It is of

interest that this method is likely to be incorporated in the next edition of the ACI Building
Code, ACI 318.

4.2 Influence of the Concrete Strength on Pull-Out Strength

Table 42 siSyOI@ FPA[D$wiss obtained from the RAMSET TCM-12

concrete inserts (without transverse rods) divided by h_ '°, where h_is defined as in figure 4.3a.
These results are pre¥VMEW BMIGAIECNLCOMihe influence of the concrete compressive
strength, f., on the pull-out strength. [t woeld he expected that the ratio between the strength
results shown in table 4.2 for Series 7 and A would be close to V47.6 /V22.5 = 1.45, since
that is the ratio between the sguarz roo! of their measured concrete compressive cylinder
strengths. Since the splitting concrete sicengins

st the time of the test were also known, it

would be expected that the ratio between the sirengih results for Series B and A would be even
closer to the ratio of the splitting strengths of 3.80 / 2.42 = 1.57. The ratio of the measured
pull-out strengths of Series B and A is actually 0.97 which is very different to that expected.
this ratio between the measured pull-out strengths indicates no influence of the concrete
compressive strength.

Table 4.2 - Assessment of the Effect of Concrete Strength on |

| the Pull-out Tests Conducted
i !
Pull-out Strength To/h,' (kN/mm'?)
Rk Series A - fL = 22.5 MPa Series B - f. = 47.6 MPa
0.103 R I
0,129 - 0.102 ._ -
iR A L




43 Evaluation of the Effective Embedment Length of Steel Anchors

So far the discussion of the test results has concentrated on the T series of tests on
RAMSET TCM-12 conorete inserts without a transverse rod passing through the eye-hole at
the headed base. When a transverse rod is not present the effective embedment length h, is
defined as shown in figure 4.3a.

It was mentioned earlier that during the tests when the RAMSET TCM-12 concrete
inserts had a transverse ro@@aﬁrz'ﬁ bserved pull-out cone failure originated
at the level of the rod. In lieu of more test data it is suggested that the effective embedment
length h, of this type nfmgapéﬁfr@tﬁ&gbr@@ fhm the top part of the transverse rod as
shown in figure 4.3b, providing that the transverse rod is tied so as to be in contact with the
bottom end of the eye-hole. The extension of the transverse rod, measured from each side of
the insert shall not be less than 5d. snd itz diameter shall not be less than d,/2.

The test results obtained by Jfohnson and Jirsa (1981) provide a good data base to
verify whether the expression developed by the w-method for headed anchors can be modified
or adapted for the evaluation of the concrete puli-out strength of shallow hooked anchorages.
The assumption for the effective embedment length (equal to the full embedment of the hooked
bar £,,) postulated by these researchers does not appear realistic and does not conform with the

experimental observations.

The failure cone for hooked anchorages is usually pulled out at some distance along
the inside side of the bend as depicted in figure 4.3c. A statistical regression analysis was
carried out in this study to find the effective embedment length and with it the predicted
,‘pu%l.-"éut strength using the y-method. All tests with z'/h, > 2.4 (see figure 4.3c) were
' considered in the analysis. Tests with z'/h, < 2.4 were found to be gradually affected by the
Gg’flﬁ:ﬁmg effect of the restraining compressive reaction applied at a distance z from the pull-out

at;empt was m;lde: to account for this var:able The analysm mchcatsd that th&' /-
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Figure 4.4 - Comparison between Pre
the Proposed Effective Embedment Length for Hooked Bar Anchorages.
Table 4.3 - Measured and Predicted Puil-cut Strengths of
Hooked Bar Aneha}mge&
Predicted Pull-out ,.t:"-‘ngth i
Test f. Pull-out Te G2
(MPa) Strength R
T (kN) i AU ACI 349
l Eq 8
|| HU-L 314 9]
HU-R 32.5 322
HR-L 2205 33.1 25.6 14.7 28.8
| HU-L 30.1 26.9 15.0 30.3
HU-L 33.7 42.7 22.9 48.0
40.6 43.1 22.8 48.4
A0 36.0 42.8 22.9 48.1
TR 23.1 49.1
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pull-out loads for 18 tests conducted by Johnson and Jirsa (1981) and in this current study,

calculated using h, so defined. The mean catio of the measured to predicted strengths was 1.08

and the coefficient of variation was i8.9%.

‘hs for the tests conducted in this current study using
4. Both, the y-method and the ACI Committee 349

2 oopy table 4
i Tl =

different approaches is iliustraic?
(1985) approach agree quite well 1 measured results. The ACI Committee 408 (1979)

approach largely underpredicts the pull-out strengths.

The predicted puli-out steng
with tf
'methﬁ}dj

Also
tests.

Figure 4.5 shows a comparison of the pull-out strengths obtained using the Y

incorporating the proposed effective embedment length, with the other two approaches.
the existing test data from Johnson and Jirsa (1981) and the current seties of

Cl Committee 408 method is too conservative. The ACI C_mﬁmitteﬁ.‘ﬁ_‘i

¢ data with shallow embedments but overestimates it for deepe

d approximates the test data well over the whole range

plotted are
Evidently the A
approach fits well th
embedments.  The y-metho
embedment lengths.




value faund from equatlon 6, and the variation in the embﬂdmem |eng('hx due 10
- construction tolerances that can be important in shallow embedments, can lead to an unsafe
design. Typical normal distributions for the applied load Tg and load resisted T are plotted
in figure ,5._1a. The probability of failure is obviously large when designing without any

‘modification factors to account for variations in T and T.

Proper values for the magnification factor A, due to steel overstrength and strength
nQ D{Fiun 1 that lead to a reliable design will

reduction factor ¢, due to@]@&lnsg

be determined in this section. The objective is to prevent a premature brittle failure by aiming

for yield of the steel befoW \BUN I €6Br€:0 Migure 5.1b depicts the physical meaning

of a reliable design using these factors. The second moment probabilistic method is ideal for
this procedure because of its simplicity. This method only requires as input data the mean and
coefficient of variation of the different variables affecting the tensile capacity of the anchors.
The second moment probabilistic method has been used by MacGregor (1976, 1988) for
checking the load factors of the ACI Building Code (ACI Committee 318, 1971), which formed
the basis of load factors recommended by NZS 3101 Concrete Design Code (1982) and
the loads of the applied and resisting

previous NZS 4203 Loadings Code (1934) If
the factors A, and ¢_ are given by

mechanisms can be assumed to be normally-distributed,
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crete pull-out strength,

pr&dtcted concrete pull-out strength,

ure, and,

safety index related to the probability and consequences of fail

I

i ¥V, and V, = coefficient of variation of the variables influencing the applied steel force and

the concrete pull-out strengths, respectively.

The estimated coefficient of variation of the individual factors affecting the tensile

‘ capacity of the steel anchor are given in table 5.1.

The global coefﬁcie&Gﬁtﬁ 2 P Fhe cocfficient of variation of the

’ vield strength of the steel

www.burrotech.com
v, = 0.048 (1

different factors involved in the

fficient of variation V, is found from the
e equation itself, namely

and the global coe
d h, and the coefficient of variation of th

local variations of the V/f, an

f'—r‘.’ > T, safe

| L

W strength, T, N | strength, T,

s Asfy and Tc

l (a) Design using Ts (b) Design using Ts = A S, and 0. Te
Probability of Failure of Steel Anchors Designed with or without Load

Factors.

Figure 5.1 -
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2.88d,, for 16 <d, < 28

: Then from equations 17 and 18 the required effective embedment length h,, defined
as illustrated in figure 4.3, is given by

I

|

8£an 2PDF 19 for 4, < 16mm

. 2 where k = = '
i
J
I

5:1 \/_ O i 15, for 16 <d, < 28mm

where the following values are recommended:

f = the lower characteristic yield strength f, for non-threaded reinforcing bars anchored
in the concrete member,

or 1.2f for threaded reinforcing bars attsched o an embedded connector,
or the ultimate strength, f,. for bols.

The larger stress f, reccommended for bolts is due to the smaller plastic elongation
expected from them at fracture. In reinforcing bars embedded in a concrete member,

the degree of plastic elongation its expected to be larger due to yield penetration in
both directions from the eritical section.

‘the nominal bar diameter in a non-threaded reinforcing bar,




40
Substituting equations 11, 12a and 12b and

p=35,

1, = 1.07,

f,_-.’l' ¢ = 1.00, for headed steel anchors, and,
T/Te = 1.08 for hooked bar anchorages

into equations 9 and 10 results in

A, =121 (13

and Scan2PDF

&, WAL DY BORECIRERIN types (14)

Nmﬂmﬂuﬁuofkfaﬂh&wmﬂmpﬂiﬁ:_“ﬂkqﬂ: '|
similar 1o the ratio of upper 10 lower characteristic yield strengths of about 1.17 specified by
NZS 3402 (1989).

Substituting equations 13 and 14 into equation | gives
121 A, f, < 051§, T




2294,  for d, 516

2.88d,, for 16 <d, < 28

Then from equations 17 and 18 the required effective embedment length h,, defined
as illustrated in figure 4.3, is given by

8£an2PD 59, ‘e 'd. <16

| h, where « = (19)
i \/? wiv burrotech.com 15, for 16 < d, < 28mm

i where the following values are recommended;

f, = the lower characteristic yield strength f, for non-threaded reinforcing bars anchored
in the concrete member,

g
= ¥ Py

or 1.2f, for threaded reinforcing bars attiched o an embedded connector,

or the ultimate strength, f, . for bolis.

The larger stress f, recommended for bolts is due to the smaller plastic elongation
expected from them at fracture. In reinforcing bars embedded in a concrete member,

the degree of plastic elongation its expected to be larger due to yield penetration in
both directions from the critical section.

 the nominal bar diameter in a non-threaded reinforcing bar,

ﬁfﬂaameter of the reduced section in a threaded reinforcing bar or bolt.
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or 1.0 in any other case.

and \,, are to take into account the proximity between anchors,

= {1+ (n, - Stflart‘z P‘DF n, is the number of anchors in the
x-direction, s, is the centrc-to-ce istance in the x-direction and s is the

critical distgpegvieNsu pFG¢&cti:com

= as above for y, with subscript y substituted for x.

and ., are to take into account edge effects,

£0.3 + (0.7¢, / 1.5h)} = L, where ¢, is the edge distance in the y-direction.

— as above for W, with subaciipt X substituted for y.

The minimum permitted thickness of the member with embedded connectors is

governed by the required effect

ive embedment length and the minimum cover of 30 mm at the

back of the connector.

The attached Appendix give examples of the

use of equation 19 in design.




Tensile tests were conducted on RAMSET TCM-12 conerete inserts and 12 mm
VEMO bar couplers. The tests showed that the ultimate load of D12 threaded bars can t.m
sustained by these connecting systems. At failure necking of the reinforcing bars occurred in
the threaded region. The use of these proprietary systems can therefore assure that failure will
‘occur in the connected bar. Caution should be taken during construction when using short bar

i e
couplers to ensure that the two bar ends have equal screwed lengths in the coupler. The us

of bar couplers with mid-sgmﬁ ésﬁr?/pDnﬁled since they are less prone to €rrors
during construction.

www.burrotech.com ! : :
An experimental programme on connectors commonly used in the tilt-up industry was

carried out. The aim of this programme was to assess the pull-out strength of the connectors
embedded in concrete slabs and to monitor the load-displacement characteristics. RAMSET
TCM-12 with and without transverse rods through the head as well as hooked bar anchorages

were tested in two series having different concrete sirengths.

It was found that the y-method predicied wish good accuracy the concrete pull-out
strength of the headed anchors tested. A statisiical analysis indicated that this method can also
be used to predict the pull-out strength of horked bar anchorages providing the effective

embedment length is appropriately defined.

A design equation for determining the tensile capacity of headed anchors and hooked
bars is proposed based on the y-method and accounting for the possible variations of the
material properties and the effect of tolerances on the effective embedment length. The second
moment probabilistic method was used to determine the design equation from a basic equation
proposed by Eligehausen et al. The design equation is based on the principle that at ultimate

s _iltir'!id'..ext&nsivc yiclding of the steel should occur rather than a brittle failure pull-out of the

~ concrete.

-
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APPENDIN: DESIGN EXAMPLES
Example 1.

\ 200 mm thick cast in place concrete slab is to cantilever 1.4 m from an existing
precast concrete wall as shown in figure ALl

()  Calculate the maximum service live load which can be carried by the slab if
the fexural top reinforcement in the slab is D20 @ 400 mm centres
(785 mm’/m) anchored as shown

(b}  Calculate the flexural top reinforcement in the slab if the service live load is
3 kPa

Consider that the concrete wall may crack under the exisung boundary conditions.

The following mm“"-‘gé“é:h 2PDF

www.burrotech.com

Superimposed service dead load ...... 1.5 kPa
Edge service dead load. P .. ... ... 1.3 kKN/m
B s B A AL e Tt S s Gl A T 300 MPa
f 25 MPa

P
G+Q
2007 |
mmi_ 7y 30mm cover
1.4m Existing precast
concrete wall

.‘-—
|
200
mm
Note: Other reinforcemant not shown
Figure A.1 - Section of Wall with Existing Connection Detail.

Ut



_;a,ot) 30-1.5d, = 140 mm

=3h, =420 mm > s
S b, D) s s, Bs s = 05D

Also

Scan2PDE

‘Hence &, =1095x0.75=0.71
www.burrotech.com

Find f, from equation 19, substituting k = 1.5 and the above values for
o d, hoand £,

f,= 121 MPa < f,

Yielding of the reinforcement cannot be ackieved before pull-out failure.
When f, = 121 MPa, and noting the siesi ratio p is low being about

0.49%, it can be expected that the concrete compressive stress

distribution in the slab will be linear. The ideal bending moment at the

critical section of the slab given by an elastic analysis for when f, = 121
MPa is

M = 13.87 kN.m/m

ion of the maximum service live load which can be carried

indﬂﬁﬁ’d b}’ dﬁad and live loads



.' sembad nent length from equation 19

h, 2 156 mm = 152 mm ok

Notes: The two designs using D20 @ 400 (785 mm*m width) and D12 @ 300 mm
(357 mm¥/m width) in the slab result in maximum permitted service live loads
of 1.47 kPa and 200 kPa, res s difference is due to the D20 bars
being able to SQ zﬁmﬁwhereas the D12 bars could reach
f, = 300 MPa, because ﬂ‘llj:r?‘(') f}‘%'ﬁ %né:}llﬁrage in the 200 mm thick wall.

If the bar diameter and/or spacing of the bars is such that yield of the
reinforcement cannot be reached, then the bar diameter or spacing should be
changed to ensure yielding of the reinforcement, and thus avoid a brittle

concrete failure.

Example 2.

A group of eight 12 mm anchors are to be embedded in a reinforced concrete
wall as shown in figure 2.3. Calculate the required minimum effective embedement
length, h,,according to the design procedure proposed in Section 5. Consider in the
analysis that the wall is uncracked and that the following parameters are known:
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Q, = 1.47 kPa
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Now M, =(1.2x6.2 + 1.6x3) x 1.4%/2 + 1.2x1.3x1.4 = 14.2 kN.m/m

Therefore required M. = M /6

M, = 16.7 kN.m/m

—

A — = 357mm?
& i T i

s LZ;; Determine the tensile capacity of the hooked embedment.

~ Use DI2 @ 300 (A, = 377mm%/m)




(1 + (2-1) % 275/330} / 2 = 0.92

g =03+ (07 x170/ (15 x 110)} =1.02 21.00 =
Yo =03+ {07 x 90/ (1.5 x 110)} = 0.68

L D >§8 é?ﬁ zllﬁ)tj]ﬁ = 0.51

Now find h, from eqpagiop. B FHETERNE SM 1"
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