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ABSTRACT

Even though the Appendix D of the ACI 318-05 pesntlite use of supplementary
reinforcement to restrain concrete breakout, itsdu@ provide specific guidelines in
designing such reinforcement. This paper presentsthod for designing anchor
reinforcement in concrete pedestals, where ungssetl concrete is insufficient to resist
anchor forces. Anchor reinforcement consists ofjitainal rebar and ties to carry
anchor tension forces and shear forces, respegtiVeé Strut-and-Tie Model is
proposed to analyze shear force transfer from asdbgedestal and to design the
required amount of shear reinforcement. A propae=ign procedure is illustrated in an
example problem.
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1. INTRODUCTION

The Appendix D of the ACI 318-05 provides desigguieements for anchors in un-
reinforced concrete. It addresses only the andnength and the un-reinforced concrete
strength:

1. Breakout strength,

2. Pullout strength,

3. Side-face blowout strength

4. Pryout strength.

Even though the Appendix D of the ACI 318-05 pestiite use of supplementary
reinforcement to restrain the concrete breakoutt{®® D.4.2.1), it does not provide
specific guidelines in designing such reinforcem@ummentary of Section D.4.2.1
indicates that the designer has to rely on ottstrdata and design theories in order to
include the effects of supplementary reinforcement.

In petrochemical industry, concrete pedestals contyrgupport static equipment (i.e.
horizontal vessels and heat exchangers) and pgikesracompressor building columns.

In order to fully-develop the strength of anchoumreinforced concrete, the Appendix

D of the ACI 318-05 requires the use of signifidtatdrge concrete pedestals/octagons. It
is generally not economical to provide such largeccete pedestals/octagons. Therefore,
the anchorage design in petrochemical industry siralvays includes designing
supplementary reinforcement. When supplementanjaeiement is used to transfer the
full design load from the anchors, it is generaflierred as anchor reinforcement. Figure
1 shows anchors of a compressor building columa minforced concrete pedestal.
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Figure 1. Pedestal supporting 'mprr-buildingﬂéolumn

This paper presents a method for designing anckanagoncrete pedestals with anchor
reinforcement to anchor static equipment or colummneetrochemical facilities. The
anchor tension and shear forces are assumed &siséed by the vertical reinforcing bars
and ties, respectively. The calculation for detaing the required amount of vertical
reinforcing bars and ties is presented. A desigm®te of column anchorage in a
reinforced concrete pedestal is given to illusttheeproposed design method.

2. DESIGN PHILOSOPHY

The following general design philosophy is used nvtiee anchor forces are assumed to
be resisted by the steel reinforcement:

1. Concrete contribution is neglected in proportioniing steel reinforcement.

2. When a non-ductile design is permitted, the recgarent should be designed to
resist the factored design load.

3. When a ductile design is required, the reinforcenséould be proportioned to
develop the strength of the anchor. If the anci@ized for more than 2.5 times
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factored tension design loads, it is permitteddsigh the reinforcement to carry
2.5 times the factored design load, where 2.5 isvanstrength factor.

4. When reinforcement is used to restraint concrezakmut, the overall anchorage
design should ensure that there is sufficient gtitenorresponding to the three
other failure modes described in the Introductipmlbut failure, side-face
blowout failure, and pryout failure).

The three failure modes will be addressed as faiow

a. The pullout strength of headed anchiggsan be estimated using the Eq. (D-15) of the
ACI 318-05 (i.e.N,=8A, f.', whereAyq is the net bearing area of the anchor head).

b. The side-face blowout failure can be preventeg@royiding enough edge distance.
Section D.5.4 of the ACI 318-05 implicitly indicatéhat the side-face blowout failure
should be checked when the edge distarisesmaller than 0.4 times the effective
embedment depti (C < 0.4hgy). Sincehes of anchors in reinforced pedestals is usually
governed by the required development length farfoecing steel (which can be
significantly deeper than the nin of 12 times anchor diametdy) and since the side-face
blowout failure is independent of the embedmentidggen the embedment depth is
deeper than I2AFurche and Elingehausen, 1991), the minimum edgance of

0.4x12d, = 4.8],can be used to prevent the side-face blowout faildowever, in order
to satisfy the required minimum edge distance &st-in headed anchors that will be
torqued, the minimum edge distance df 8hould be used (Section D.8.2, ACI 318-05).
Therefore, for simplicity and to prevent the sided blowout failure, the minimum edge
distance of @, is recommended.

When it is impossible to provide the minimum edggahce of 6,, the side-face

blowout strength should be calculated using Sedidn4 of the ACI 318-05. In

addition, reinforcement may be provided to imprtwe behavior related to concrete
side-face blowout (Fig. 2). Furche and Elingehay4€81) found that the size of the
lateral blow-out at the concrete surface was 6tim8s the edge distance. Cannon et al.
(1981) recommended spiral reinforcement aroundhéael. It should be emphasized that
transverse reinforcement (ties) did not increasssttie-face blowout capacity (DeVries
et al. (1998)). Large amount of transverse reirdorent installed near the anchor head
only increased the magnitude of load that was ramiat after the side-face blowout
failure occurred.
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Figure 2. Reinforcement around the head to improve the behavior related to concrete
side-face blowout

When the reinforcement is used to restraint corsete-face blowout, it should be
designed to carry the lateral force causing the-g&ade blowout. Cannon et al. (1981)
indicated that for conventional anchor heads, éterdl force causing side-face blowout
may be conservatively taken as ¥4 of the tensilaagpof the anchor steel (based on the
Poisson effect in the lateral direction). A morengbex procedure to calculate the lateral
force is given in Furche and Elingehausen (199iyeneral, the Furche and
Elingehausen’s procedure gives a smaller lateeal than that recommended by Cannon
et al. (1981).

c. The pryout failure is only critical for short astff anchors. It is reasonable to assume
that for general cast-in place headed anchorstwith,= 12 d,, the pryout failure will
not govern.

3. DESIGNING STEEL REINFORCEMENT TO CARRY TENSION FORCES

The vertical reinforcement intersects potentiatknalanes adjacent to the anchor head
thus transferring the tension load from the an¢bdhe reinforcement as long as proper
development length is provided to develop the megustrength, both above and below
the intersection between the assumed failure @adereinforcement (Fig. 3). The
development length may be reduced when exces®rearhent is provided per section
12.2.5 of the ACI 318-05 (but cannot be less th2if). Reduction in the development
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length cannot be applied in the areas of moderatégb seismic risk. In order to limit
the embedment length of anchor, a larger numbsmaidller-size reinforcing bars is
preferred over fewer, larger-size reinforcing bars.

To be considered effective, the distance of thefoecement from the embedded anchor
head or nut should not exceed one-third of the eimieait length of the anchbg;, as
shown in Fig. 3 (Cannon et al., 1981).

Note:

To be considered effective for
resisting anchor tension, the
maximum distance from anchor
head to the reinforcement, .,
shall be not more thamn,/3.

Figure 3. Reinforcement for carrying anchor tension force

When a non-ductile failure is permitted, the regdiarea of steel reinforcemeit can
be determined as follows:

Ag 2 ¢—f (1)
y
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When a ductile failure is required:

Az Da e @

y

However, the anchor is sized for more than 2.5difaetored tension design loafls it
is permitted to design the reinforcement to carBytinesT, to satisfy IBC 2006 and
ASCE 7-05 requirements for Seismic Design CategdZiand above where ductility
cannot be achieved. The required area of stedbreemmentAg;;can be determined as
follows:

25T,
AT ®

where:

Ase= effective cross-sectional area of anchor

T, = factored tension design load per anchor

¢ = 0.90, strength reduction factor (Chapter ¢thefACI 318-05)
fy = specified minimum yield strength of reinforcerhen

fum= specified minimum tensile strength of ancéteel

Design for anchor ductility requires that the nsegg conditions for elongation over a
reasonable gage length are fulfilled (i.e., thetistlocalization will not limit the yield
strain). This may involve the use of upset thre@dsther detailing methods to avoid
strain localization.

4. DESIGNING STEEL REINFORCEMENT TO CARRY SHEAR FORCES

Where allowed by Code, shear may be transferrdddiion between the base plate and
the concrete with the anchors are used for tramsfetension force only. For large shear
forces, where the shear friction is insufficiettear lugs or anchors can be used to
transfer the load. The shear forces must be trenesiféo concrete pedest&itrut-and-tie
modelscan be used to analyze shear transfer to cornpeetestal.

4.1. What isthe strut-and-tie models (STM)?

A strut-and-tie model (STM) is an ultimate strengdsign method based on the
formation of a hypothetical truss that transmitsés from loading points to supports.
The STM utilizes concrete struts to resist compoesand reinforcing ties to carry
tension. Design using STM involves calculating tbguired amount of reinforcement to
serve as the tension ties and then checking teatdmpressive struts and nodal zone
(joints) are sufficiently large enough to suppbe forces. A key advantage of design
using STM is that the designer can visualize thes ibf stresses in the member. A
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common application of the STM is to design “distdbregions (i.e. at concentrated
loads and reactions, and at geometric discontipuithiere the flow of stresses cannot be
predicted by normal “beam theory” (i.e. linear strdistribution).

The most important assumptions in the STM are:

1. Failure is due to the formation of a mechanismtegufrom yielding of one
or more ties.

2. Crushing of the concrete struts should not occiar po yielding of the ties.
This is prevented by limiting the stress levelgha concrete.

3. Only uniaxial forces are present in the struts el

4. The reinforcement is properly detailed to prevectl bond or anchorage
failure.

Since the STM satisfies force equilibrium and easuhat the yield criterion is nowhere
exceeded in the structure, the STM satisfies thairements of a lower bound solution in
the theory of plasticity. This implies that thelé@ae load computed by the STM
underestimates the actual failure load.

ACI Design provision using STM was first introdudedhe Appendix A of the ACI
318-02. Several important guidelines of using STvaalesign tool according to the ACI
318-05 are:
1. The STM shall be in equilibrium with the appliedtts and the reactions
2. Ties shall be permitted to cross struts and ssiuddl cross or overlap only at
nodes
3. The angle between the axes of any strut and amntexing a single node
shall not be taken as less than 25 degrees.
4. The tie force shall be developed at the point whieeecentroid of the
reinforcement in a tie leaves the extended noda¢ zo

4.2 Advantages and assumptionsfor shear transfer analysisin concrete pedestals
using STM

The advantage of using STM for analyzing shearsfearand designing shear
reinforcement on pedestal anchorages is the eltrmimaf “questionable” assumptions
related to the size and shape of concrete breakma, the crack location (whether the
shear cracks propagate from the middle of pedegtatg-row anchors, or back-row
anchors), and the amount of shear reinforcemenigdtefective to restraint concrete
breakout cone.

While the STM is a conceptually simple design taalequires an assumption for the
following parameters:

1. Capacity of struts and nodes

2. Geometry of struts and nodal zones

3. Anchorage of tie reinforcement
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In order to shed a light in the lack of guidelingg following assumptions are suggested
in order to proceed with the use of STM for sheandfer analysis on pedestal anchorage
and for designing the anchor shear reinforcement:

1. Concrete strength for struts and bearifages 0.85f.”based on the Appendix A of

the ACI 318-05. This assumption is conservativesaaring significant amount
of confinement in pedestals.

. The concrete struts from anchors to vertical reaegsshown in Fig. 4. Section
D.6.2.2 of the ACI 318-05 indicates that the maxamioad bearing length of the
anchor for shear isd@. Therefore, the bearing area of the anchor ismasdu
(8d.)d, = 8d,>. The compressive force from the anchor to rebasssimed to
spread with a slope of 1.5 to 1.

When the internal ties are not required (in theeaalsere axial force in the
pedestal is so small that Section 7.10.5.3 of t8¢ 318-05 does not apply), the
STM shown in Fig. 5 can be used. For a given anshear V, the tension tie
force T in Fig. 5 is larger tham Th Fig. 4.

T\ie
T1
Concrete strut
I* S
Hairpin
_>T2 V : Shear force per anchor
2 T, : Tension force on tie
l v T, : Tension force on hairpin
Anchor d, : Diameter of anchor
- T1
Grout | ( M Note:
o B _ Section 7.10.5.6 of the ACI 318-05
2 L indicates that the lateral
Y 8d reinforcement shall surround at
3 (o] least four vertical bars, shall be
. distributed within 5 inches of the
pedestal, and shall consist of at
d least two #4 or three #3 bars.
<« Yo
\Anchor
Concrete strut

Rebar

—

Figure 4. Concrete struts and tension tiesfor carrying anchor shear force
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Tie

V: Shear force per anchor

T : Tension force on tie
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Figure 6. Alternated direction of hooks and hairpinsfor the top most two layers of ties

3. For tie reinforcement, the following assumptions smggested:

a. Only the top most two layers of ties (Assume 2-#hw 5" of top of

pedestal as required by Section 7.10.5.6 of the 3@F05), shown in Fig.
6, are effective.

10
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b. Tie reinforcement should consist of tie with seistmooks. If internal ties
are required, hairpins could be used. As an alteryadiamond-shaped
ties can also be used.

c. The location of hooks and the direction of hairghsuld be alternated as
shown in Fig. 6.

d. If the available length of hairpig, (Fig. 6) is shorter than the required
straight development length for a fully developeadtin |4, the maximum

strength that can be developed in hairpif, isllih , Wherefy is the yield
d

strength of hairpin. Ify, is shorter than I'i.e. the minimum

development length based on Section 12.2.1 of tbE3A8-05), hairpin

should not be used.

e. Atthe nodes away from the hook, the tie is assutodxt fully developed.
For example, under the shear force V, the tie gerla can develofy at
the nodes 1 and 6 (Fig. 6).

f. Atthe node where the hook is located, the tie oadevelopf,. For
example, under the shear force V, while the ti¢ager A (Fig. 6) can
developfy at the node 6, the tie on layer B cannot devglbgcause the
hook of tie B is located at the node 6. In ordecatzulate the contribution
from tie B to the tension tie at the node 6, thigngtss of “Case 1” shown
in Fig. 7 (smooth rebar with 18@ook bearing in concrete (Fabbrocino et
al., 2005)) is compared to the stiffness of “Casélie conventional
single-leg stirrup with reinforcing bars inside thends (Leonhardt and
Walther, 1965 as cited in Ghali and Youakim, 2006)en though the
capacity of “Case 2" may be higher than the capaxfitCase 1” due to
bearing on the heavier rebar, the contact willatatays present because
of common imprecise workmanship. When the contanobt present, the
“Case 2" is assumed to behave as “Case 1.

e T
Casel Case?2
Figure 7. Bearing of J-shape bars on concrete and bearing of conventional stirrup
on rebar

Leonhardt and Walther (1965) found that in ordedewelopf, on the
bends of 90, 135, and 180 hooks when engaging heavier bars lodged
inside the bends (“Case 2" in Fig. 7), there walmabout 0.2 mm. Based
on the test results of Fabbrocino et al. (200% diiness at the hook that
was developed at the smooth rebar with°ll8fok bearing in concrete
when it slipped 0.2 mm was about 20 ksi. Therefibig,assumed that the
tie can only develop 20 ksi at the node where tiakhs located. It is also
reasonable to assume that the maximum force thaveaeveloped at the

11
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hook is the same as the pullout strength of a sihgbked bolt (Eq. (D-
16) of the ACI 318-05).

In summary, at the node where the hook is locdtedgontribution of the
ties to the tension ties T is the lesser of Egsafd (5), where Eq. (5) is
based on the Eq. (D-16) of the ACI 318-05.

T=A,xT, (4)
T =09f_'e d, (5)

where:
Asic is the area of the tig is the stress on the tie RO ksi),&, is the length
of the extension of the hook, adg is the diameter of the tie.

12
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Pier / Pedestal Data:

Specified compressive strength of concrete:

Height:

Pier_height == 28i

Concrete_caower:= 1.5in
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Design the anchar for the steel column located at the top of
concrete pedestals shown in Figure 8. Anchors resist tension
and shear forces.

Maxzimum total factored loads:
Tension: Mya_total = G0kip
Maximurm shear in the X-direction: Vya_total_x = 20kip

Maximum shear in the ¥-direction: %a total v = 20kip

Assumptions:

1. Untorqued, cast-in anchors

2. Mo sleeve is used

3. Low seismic risk and capacity design is not considered
4. Tension force is distributed equally amang all anchars
4. Shear force is assumed to be carried by two anchors
because of oversize holes in the base plate

Mote: Al code section mumbers referred in this exarmple are in
the AGH3{8-05

{Blocks are input data)

Mote: In many cases, the helght of the pler Is 2 design constraint.

Cross-section dimensions:

Anchaor Spacing:

Anchors:

|h1 = 24ir| |b2 = 25ir1

Edge Distance:

Specification; ASTM F1554, A36 fya = J6ks

ASTh F1554, A6 is a ductile steel (Table 2.1). Therefore: 4 :=0.75

Mote: Load combinations shall be per Chapter 9 for ASCE 7-08, Chapter 2)

Reinforcing bars: Grade 60 steel: fy rebar=E0ks

YWertical (longitudinal rebars): #5

Shear reinforcement:  #4

fita = SOKS

(tension loads) ¢, = 065 (shearloads) (D.4.4.a)
d, = 0.75i Asy = 0.44in°
Poye = 0.2in"

13
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Design assumptions:

1. The tension and the shear forces in the anchors are transfered to the longitudinal rebars and shear reinfarcement, respectively,
which will restrain the concrete failure prism. Therefore, the concrete breakout strength in tension and shear (D.5.2 and DBZ) is
not checked. The concrete pryout strength in shear (DUB.3) is assumed QK by inspection because it is usually critical for short
and stiff anchors.

2. Ifthe edge distance is larger than Bd,, the concrete side-face blowout resistance is assumed to be sufficient.

3. When welded washers are not used, it is not likely that all anchors are effective in resisting shear due to oversize holes in the
base plate. For this case, it is conservative to assume that only the bolts on the critical face are engaged. For this example, only
two anchors are assumed to be effective for resisting shear.

1. Determine the size of anchors

The size of anchors is determined based on the steel strength of anchar in tension and shear. Since the tension force is
assumed to be distributed equally, each anchor carries 80 kip /4 = 20 kip. There are two anchors in both X and Y directions
{i.e. half of the total number of anchors) are effective in resisting shear, the maximurn shear force carried by one anchor is
20 kip /2= 10 kip. If there is any shear in the ¥-direction acting simultaneously, it may be added here.

Try 1.28-in. anchor: |d, = 1.25i {Threads perinch:  n =7
Lo 2
Effective cross-sectional area: A, = E-[do - w]
Nt
.2
A, =0.96%in
The stesl strength of one anchor in tension: N, = A f,, (D512 gr-Mss = 42156 kip > M, = 20kip (0K

The steel strangth of one anchor in shear: %, = 0.8.0BA f,, OB12h) 4§, = 17537 kip = .= 10kip (OK]
Note: Shear strength of anchors with growt pads shall be multinlied by 0.8 (0.6.1.3).

Since M, = 02N, and W = 0.2,

.a » check interaction equation based on 0.7 3:

M W,
22 s <1.2,0K!
¢T'Nsa W Vza
The minimum effective embedment depth of the non-sleeve 1.25-in anchar: Mt min=12d,=15 in

Mote: Since the pier height is 28 inches, ty =24 in. This effective embedment deptfr will be checlied if it is suificient for
the requirad development langth of vertical reinforcing bars.

2. Check the pullout resistance of anchor in tension {(D.5.3.4)

Section D.5.3.4 indicates the load at which the concrete above the anchor head begins to crush. Since the local crushing
above the head will greatly reduce the stifiness of the connection, and generally will be the beginning of a pullout failure. The
pullout resistance of anchor in tension must be ensured to be larger than the factored tension load (M), If the capacity

design (which is not considered herein) is performed, the pullout resistance of anchor in tension should be larger than the
tensile capacity of the anchar (g M)

Use the heavy hex nut {on the anchor head) with the flat-to-flat dimension of 2 inches.

5
Aprg = 0.865.2° - =X 257

Bearing area: Aprg = 1.51in2

The pullout resistance in tension of a single headed bolt: N = w, o8 Ay f 0531 and D53.4)

brg '
Assume concrete cracks: g, p=1 M, = (1)8(3.68)(4) = 1178 kip

Strength reduction factor for anchor governed by pullout, assuming condition A (supplementary reinforcement is pravided to tie
the failure prism): ¢ =075 (D.4.4.(c))

Therefore: ¢ N, = @75)(117.8) =884 kip >N OK |

ua

3. Check the side-face hlowout resistance of anchor in tension (D.53.3.4)

The minimum recommended edge distance = B 6-d,=7.5in

The minimum edge distance: C_;, = r-nin([:,I ,02) Cmin=8in = Bd,, the side-face hlowout resistance is Ok

14
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4. Transfer of Anchor Load to Vertical Rebars

4.1 Armount of vertical reinforcing steel

In arder to be considered effective for resisting anchor tension, vertical reinforcing steel must be located within h;/3 =18

inches from the anchor head or edge of washer. As shown in Figure 3, the number of pier vertical rebars that are effective for
resisting anchor tension is 3.

Since capacity design is not considered (for a low seismic risk), determine the required number of vertical rebar ta resist M,

M i i ieldi . -
h_reduired = ua For capacity that is governed by yielding of rebars: ., =09 (2.3.2.1)
¢s'f\,r_rebar'ASh
. 20 ) . .
n_required = ————— n_required = 0.8 < provided effective number of rebar, Ok

(0.5 (60)-(0.44)

LI
A rebars thatare =d |
from the anchor can be
effective for resisting
anchor tension

13
o
N 1

Pier
height

4.2 Development length

The vertical rebar should be developed on either side of the potential failure plane. The part of the rebar above the failure surface
is commaonly straight and the part of the rebar that goes into the mat is commaonly bent (as shown in Figure 5). Therefore, the
development length far straight bar applies to the part of the rebar above the failure surface and the development length far the
90-degree hooked bar can be applied to the part of the rebar below the failure surface. Since the development length for the
90-degree hooked bar (below the failure surface) is part of the pierffoundation design, it is not considered in this calculation.

Developrment length for straight bars above the failure suface:

The minimum development length, 1, (> 12 in), is determined based on the 12.2.2 and 12.2.4 as follows:

15
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Bar location factor: yy=1 (far vertical bar)
Coating factor: yoi=1 (for uncoated bar)
Concrete density factor:. a4=1 {for narmal concrete)
. f . R
For #5 and smaller bars, use: Iy = y_tehar (Wt We ) " l,=26.5 in
25JFC

Available development length based on the pier height and the embedment depth of the anchor bolt:
Available_length = h.; - Side_cover - dp 5, tan(35deq)

From Figure 2, d__, =57 in Available_length =24 - 1.5 - 5.7 tan(35deg) = 18.5 in <y

max

Howewer, since the provided number of effective rebar is significantly more than the required number of rebars and for low seismic
risks, |y can be reduced using the excess reinforcerment factor per 12.2.5 but cannat be less than 12 in per 12.2.1.

As_lequired 0.4

l4 reduceq = lg———— lg reduced = 2858 — =76in (12 in. governs in this case)
- As_provided - 3

= Awailable_lenagth oKl

5. Design of shear reinforcement
Assumptions:

1. Strut-and-tie modeling (Figure 10) is used to analyze shear transfer to concrete pedestal and to design the required amount
of shear reinfarcement.

2. Since the shear forces in both directions are the same and the total number of anchars resisting the total shear forces in
bath directions are the same, only the shear in the ¥-direction is presented in this example prablem.

Tie Force distribution in the truss model for V=10 kip:
=T, e —> 40
Concrete strut (7
LY
-~
P e .04 S6) e 10
Hairpin -
CLErp ,"'G-l)
— o— — 101
T
2 ~7D
e [ i os ‘:@ g 10
: -
i -
nchor ,’, (7
s = 404

= === Compression strut

Tension tie
Grout
Force disttibution in the truss model after dividing by @075 (Section
o 932 6 ofthe ACI 318-05: ¢ for the strut-and-tie model is 0.75):
30 Sdo | — — .0
k)
b
6.6 “~
’Ej i 15
-
“‘_do =155
o
p————— —» 135
T\Anchor ) ~
2.5
-
Concrete strut 66 ) e 100
: -~
A Eetar ’,’(9_3)
f LA

Figure 10
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5.1 Check a geornetry of the truss model to see if a direct strut can develop

Since the angles between the axes of all struts and ties entering a single node is larger than 25 degrees, direct struts can
develop (Section A.2.5 of the ACI 318-05).

6.2 Develop a truss model and calculate member forces

The truss model and member forces are shown in Figure 10.

5.3 Check strength of bearing

Agsume cancrete strength for checking the strength of bearing and compressian struts: £, =0.85 f,

5.3 3. Beanng of the anchor

Beating area: Ay n,=8-d,-d,
eg_ame = 12500
Strength: f,, = D.BE-[fc:l

13.3ki
f,, = 3400 psi > P

= 1064 psi oK1

brg_ane

5.2 b Bearing of the reinforcing bars

By inspection, bearing on the rebar at the node D (Fig. 11) governs (shorter length and larger force):

d, d
The clear distance between the nodes B and D, Ig;, lpg = (5-in)2 + (5.125-in)2 i ;

Ibd =E.1Gin

Beating area: Ay jpar= (B-do + 1.5 0,4 - Cnncrete_cnver:l-db

Atrg_rapar = 13308 n°

Strength:  f,, = 0.85-(,)
5 Skip

Abrg_rebar

., = 3400 psi > = 714017 psi  OK|

Force distribution in the trussm odel after dividing by @=0.75 :

— .,+ Y
-
N \&9;3)
d— 8. A ’:9 e 17 3
PraCE)
_— W — 135
‘h‘(‘%j)
— “'@ 17
a6 ’d
b /d(ggj 5
— "’ﬂ——b [}
5.125%
Figure 11
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5.4, Check strength of struts

Since it is assumed that the strength of strut is the same as the bearing strength (f, = 0.85 1) and the available area for

struts is typically larger than the available area for bearing, the bearing strength governs over the strength of struts. Therefore,
if the bearing strengths at the anchor and rebar are Ok, the strength of struts does not need to be checked.

5.5 Select tie reinforcement

Assumptions:

1. Only the top most two layers of ties (within 2" of pedestal as required by Section 7.10.5.6 of the AC| 318-05), shown in
Fig. 12, are effective.

2. Tie reinforcement consists of tie with seismic hooks. Hairpins are used as internal ties.

3. The location of hooks and the direction of hairpins are alternated as shown in Fig. 12.

4. At the nodes away from the hook, the tie is assumed to be fully developed.

8. At the node where the hook is located, the contribution of the hoop to the tension ties T is the lesser of T, and Ty

where T, = Agy, "(20 ksi) and T, = 0.9°F "e, "d,;, (based on the Eq.(D-16) of the ACI318-05).
Ty = Asyie-20ksi Ty =4kip

The equation based on the Eg. (D-16) of the ACI 318-05:

gy = min[4.5 dy, , max(Bdy., , 3in))

g, =2.25in
T, =09, 8, dy. T, = 4.05 kip
Thook= min(T¢, Tz) Thook = 4 kip Mote: [As, (20 ksi) gavemns
" dng . ﬁf}\
. - ] . | fidg, = 3"
e - ayer A o o
3’% “ e fan —|| ¥
b FLayer B ]
O <
. = - & .
Layer &
! A - 1 J [¥ [
O 9]
o
- ) | —
0O Q
LayerB
Figure 12
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Ties a and b (see Figure 111

Ties a and b are resisted by exterior ties.

Assumning that one layer of the exterior tie can develop f, and the other layer can provide Ty,

Total resistance: Ry ap = Ashe-fy rebar + Thook

Fiot_ab = 16 kip » B.6 kip Ok
Tie ¢ (zee Figure 11}
Tie ¢ is resisted by a hairpin. Diameter of hairpin: Ohairpin = 0.5in AShairpin = E-I:Ihc.,irpi,.,2

Yield stress of hairping {504 = BOKsi
Check the stress that can be developed in the hairpin:

Check available length of the hairpin: 1, 0 = 26in - 2-Side_cover - 2-dy,
I.a_h.ailpin =21in

Required straight developrment length for a fully developed hairpin:

Bar location factor: yy=13
Coating factor: we=1 (for uncoated bar)
Concrete density factorr =1 {for normal concrete)

25fo‘_0

l4_nairpin = 25in  cannot be less than 12 in per Section 12.2.1 of the ACI 315-05.

For #5 and smaller bars, use: fy_rebar(‘-l-'t'we'l)
Icl_hairpin = “Uhairpin

The stress that can be developed in the hairpin:

Ia_hairpin

“hy_hairpin — i
ly_haipin = f:_hairpin = S04 ks

fs_hailpin =

Since the direction of hairpin is alternated, only one layer of hairpin can be accounted as tie reinforcement.

Total resistance: Ry o= 2880 aipin-fs_nairin (Mote: 2 legs per hairpin)

Riot o = 19.792kip > 135kip OKI

6. Check the minimum distance requirements to preclude splitting failure

The following minimum distances for anchors shall be satisfied unless reinforcement is provided to control splitting.
I Centerto-center spacing (D.8.1): Smin_untorqued = 40, =51n < min (5,,5,;) Ok

II. Minirmum edge distance (D.8.2):

Faor untorqued cast-in anchors, the minimum edge distances shall be based on minimum cover requirements.

C min_untorqued = CO¥Er = 1.51n < min (G, G5l oK1
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6. CONCLUDING REMARKS

Since the ACI 318-05 does not provide specific glings in designing supplementary
reinforcement to carry anchor forces, a designguare for anchorage in reinforced-
concrete pedestal is proposed. The anchor tenssleear forces are assumed to be
resisted by the vertical reinforcing bars and tiespectively. The Strut-and-Tie Model is
proposed to analyze shear force transfer from asdogedestal and to design the
required amount of anchor shear reinforcement.proposed design procedure is
illustrated in an example problem. It can be séab designing anchorage in reinforced-
concrete pedestals is simpler than that in un-oecefd concrete pedestals using complex
design equations shown in the Appendix D of the A03-05.
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