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2.2 Base Plate Material Selection

Base plates should be designed using ASTM A36 material unless the
avarlability of an alternative grade Is confirmed prior to specification.
Since ASTM A36 plate Is readily available, the plates can often be cut
from stock material.

For posts and light HSS columns, the minimum plate thickness iIs
typically 1/2 in., and for other structural columns a plate thickness of
3/4 In. Is commonly accepted as the minimum thickness specified,

2.3 Base Plate Fabrication and Finishing

Typically, base plates are thermally cut to size. Anchor rod and
grout holes may be either drilled or thermally cut. Section M2.2
of the AISC Specification lists requirements for thermal cutting
as follows.

“..thermally cut free edges that will be subject to calculated
static tensile stress shall be free of round-bottom gouges greater
than 5 mm. deep ... and sharp V-shaped notches. Gouges deeper
than 5 mm. ... and notches shall be removed by grinding and
repaired by welding.”



N
Table 2.1. Base Plate Materials
Thickness (i) Plate Availability

t, <4 in. ASTM A36
ASTM A572 Gr 42 or 50
ASTM A588 Gr 42 or 50

4in.<t,<6In. ASTM A36 =
ASTM A572 Gr 42
ASTM A588 Gr 42

t,> 6 in. ASTM A36

2] Preferred material specification




Anchor Rod Material

As shown in Table 2.2, the preferred specification for anchor rods is ASTM
F1554, with Grade 36 being the most common strength level used. The
availability of other grades should be confirmed prior to specification.

ASTM F1554 Grade 55 anchor rods are used when there are large tension
forces due to moment connections or uplift from overturning. ASTM F1554
Grade 105 is a special high-strength rod grade and generally should be used
only when it iIs not possible to develop the required strength using larger
Grade 36 or Grade 55 rods.

Unless otherwise specified, anchor rods will be supplied with unified coarse (UNC)
threads with a Class 2a tolerance, as permitted in ASTM F1554. While ASTM
F1554 permits standard hex nuts, all nuts for anchor rods, especially those used in

base plates with large oversize holes, should be furnished as heavy hex nuts,
preferably ASTM A563 Grade A or DH for Grade 105.

ASTM F1554 anchor rods are required to be color coded to allow easy
identification in the field. The color codes are as follows:



.

Table 2.2. Anchor Rod Materials
Material Tensile Nominal Tensile Nominal Shear | Nominal Shear Stress | Maximum
ASTM Strength, Stress, Stress (X type),i* ! (N type),k= < Diameter,
F, (ksi) Fnt=0.75F, (ksi) | Fn= 0.50F, (ksi) Fr = 0.40F, (ksi) in.
< | Gr3s6Hd 58 43.5 29.0 23.2 4
ﬁ Gr 55 75 56.3 37.5 30.0 4
- Gr 105 125 93.8 62.5 50.0 3
120 90.0 60.0 48.0 1
A449 105 78.8 57.5 42.0 1'%
90 67.5 45.0 36.0 3
A36 58 43.5 29.0 23.2 4
A307 58 43.5 29.0 23.2 4
A354 150 112 75.0 60.0 2Va
Gr BD 140 105 70.0 56.0 4
I Nominal stress on unthreaded body for cut threads (based on major thread diameter for rolled threads)
EThreads excluded from shear plane
[l Threads included in the shear plane
M Preferred material specification
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 Anchor Rod Holes and Washers

* The AISC-recommended hole sizes for anchor rods are given in Table
2.3.

* For anchor rods for columns designed for axial compression only, the
designer may consider using a smaller hole diameter of 27 mm. with
20 mm. diameter rods and base plates less than 32 mm. thick, as
allowed In Footnote 3 In Table 2.3.This will allow the holes to be
punched up to this plate thickness , and the use of ASTM F844 (USS
Standard) washers in lieu of the custom washers of dimensions shown
In the table. This potential fabrication savings must be weighed
against possible problems with placement of anchor rods out of
tolerance.

o For anchor rods designed to resist moment or axial tension, the hole
and washer sizes recommended in Table 2.3 should be used. The
added setting tolerance I1s especially important when the full or near-
full strength of the rod in tension Is needed for design purposes,
because almost any field fix in this case will be very difficult.



Table 2.3. Recommended Sizes for Anchor Rod Holes in Base Plates
Anchor Rod Hole Min. Washer Min. Washer
Diameter, in. Diameter, in. Dimension, in. Thickness, in.
4 1% 2 Va
% 1% 2Va Y6
1 1134 3 Vs
14 2Ve 3 Vo
112 2% 3V Vo
1% 2% 4 %
2 3 5 %
2Vo 34 Y 7
Notes: 1. Circular or square washers meeting the size shown are acceptable.
2. Adequate clearance must be provided for the washer size selected.
3. See discussion below regarding the use of alternate 1%s-in. hole size for 3-in.-diameter anchor rods, with plates less than 1% in. thick.

—




Additional recommenaations regaraing washers and anchor
rod holes are as follows:

1- Washers should not be welded to the base plate, except when the
anchor rods are designed to resist shear at the column base (see
Section 3.5).

2- ASTM F436 washers are not used on anchor rods because they
generally are of insufficient size.

3- Washers for anchor rods are not, and do not need to be, hardened.



Finish of Column Bases

Column bases and base plates shall be finished in accordance with the
following requirements.

(1) Steel bearing plates 2 in. (50 mm) or less In thickness are
permitted without milling provided a satisfactory contact bearing Is
obtained. Steel bearing plates over 2 in. (50 mm) but not over 4 in.
(100 mm) in thickness are permitted to be straightened by pressing or,
IT presses are not avarlable, by milling for bearing surfaces, except as
noted In subparagraphs 2 and 3 of this section, to obtain a satisfactory
contact bearing. Steel bearing plates over 4 in. (100 mm) in thickness
shall be milled for bearing surfaces, except as noted in subparagraphs
2 and 3 of this section.

(2) Bottom surfaces of bearing plates and column bases that are
grouted to ensure full bearing contact on foundations need not be
milled.

(3) Top surfaces of bearing plates need not be milled when complete-
Joint-penetration groove welds are provided between the column and
the bearinag plate.



Fit of Column Compression Joints and Base Plates

Lack of contact bearing not exceeding a gap of 1/16 in. (2 mm),
regardless of the type of splice used (partial-foint-penetration groove
welded or bolted), is permitted. If the gap exceeds 1/16 In. (2 mm),
but I1s equal to or less than 1/4 in. (6 mm), and If an engineering
Investigation shows that sufficient contact area does not exist, the gap
shall be packed out with nontapered steel shims. Shims need not be
other than mild steel, regardless of the grade of the main material.

Base Plate Welding
A few basic guidelines on base plate welding are provided here.

Fillet welds are preferred to groove welds for all but large moment-
resisting bases.

The use of the weld-all-around symbol should be avoidea, especially
on wide-flange shapes, since the small amount of weld across the toes
of the flanges and in the radius between the web and flange add very
little strength and are very costly.



o For most wide-flange columns subject to axial compression only,
welding on one side of each flange (see Figure 2.1) with 8-mm. fillet
welds will provide adequate strength and the most economical detall.
When these welds are not adequate for columns with moment or axial
tension, consiaer adaing fillet welds on all faces up to 20 mm. in size
before using groove welas.

o For rectangular HSS columns subject to axial compression only,
welding on the flats of the four sides only will avord having to make
an out-of-position weld on the corners. Note, however, that corners
must be welded for HSS columns moment or axial tension and anchor
rods at the corners of the base plate since the critical yield line will
form In the plate at the corners of the HSS.

o The minimum fillet weld requirements have been changed in the 2010
AISC Specification. The minimum-size fillet weld is now based on
the thinner of the materials being joined.



Figure 2.1. Typical gravity column base plate weld.



LEVELING PLATES

*For small- to medium-sized base plates, say up to 22 in., the use of
leveling plates is probably the most effective method to prepare for
column erection.

*The leveling plates are usually 1/4 in. thick and are sheared to the same
size as the base plates.

= Sometimes the leveling plates are made about 1 in. larger in each
direction than the base plate, but this Is not necessary.

*The holes in the leveling plates are usually made 3/16 in. larger than the
anchor bolt diameter, but this is not a firm figure and may vary among
fabricators.

=|_eveling plates are sent to the field in advance of the main column and
grouted in place, usually by the general contractor or foundation
subcontractor.
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LEVELING NUTS

=Fortunately, when the size of the base plate becomes so large as to make
the use of a leveling plate impractical , there is another method available
for setting column base plates.

=In this procedure, generally, four or more anchor bolts are utilized, each
bolt having two nuts and two heavy washers.

*The anchor bolts must be set far enough apart to be able to develop an
effective resisting moment to overturning.

*The base plate is generally large enough so that the bolts can be located
outside the perimeter of the column near the corners of the base plate.
=|_eveling nuts are best used for base plates ranging up to about 36 in. In
size . Beyond this size, bending of the base plate may become a problem,
and shipping the base plate separately should be considered.
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PRESET BASE PLATES

=|_arge-sized base plates (36 in. and larger) are often shipped to the job
site and set in advance of the start of erection. This Is done because these
large plates are often so heavy and cumbersome that they make shipping
and handling of the column very difficult if not impossible.

= A three-point support (like a milking stool) is satisfactory. If leveling
bolts are provided, small steel plates must be placed under the points of
the bolts so they won't dig into the concrete.

=\When colossal-sized (say over four tons in weight) base plates are
required, an angle frame is often supplied in advance.

*This angle frame is carefully leveled and filed with concrete which is
screeded off accurately and results in a level concrete pad of proper
elevation on which the column base plate is directly placed
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e Required edge distances, spacing , and thicknesses to
preclude splitting failure

o 17.7.1 - Unless determined In accoraance with 17.7.4,minimum
center-to-center spacing of anchors shall be 4aa for cast-in anchors
that will not be torqued, and 6da for torqued cast-in anchors and post-
Installed anchors.

o 17.7.2 - Unless determined in accordance with 17.7.4, minimum eage
aistances for cast-in anchors that will not be torqued shall be based on
specified cover requirements for reinforcement in 20.6.1. For cast-in
anchors that will be torqued, the minimum eage distances shall be
64da.



17.7.3 - Unless determined in accordance with 17.7.4, minimum eage
aistances for post-installed anchors shall be based on the greater of
specified cover requirements for reinforcement in 20.6.1, or minimum
eage distance requirements for the proaducts as determined by tests In
accoraance with ACI 355.2 or ACI 355.4, and shall not be less than
twice the maximum aggregate size. In the absence of proauct-specific
ACI 355.2 or ACI 355.4 test information, the minimum edge distance
shall not be less than.

AGNESIVE GIICIIOLS. ........seeseesseessessesesssseesesssnseisssnssnnsnns 643
UNGEICUE QIICHIOLS. .........seesseesessesesessessissssssnssnsssnssnnsnns 603
Torque-controlled anchors..................cccovveeviveeevvviinnne. 8aa

Displacement-controlled anchors................................ 10da



o 17.7.4 - For anchors where installation does not proauce a splitting
force and that will not be torquea, If the edge distance or spacing Is
less than those specified in 17.7.1 to 17.7.3, calculations shall be
performed by substituting for d, a smaller value d,, that meets the
requirements of 17.7.1 to 17.7.3. Calculated forces applied to the
anchor shall be limited to the values corresponding to an anchor
having a diameter of d,,..

o 17.7.5 - Unless determined from tests in accordance with ACI 355.2,
the value of h.. for an expansion or undercut post-installed anchor
shall not exceed the greater of 2/3 of the member thickness, h, , and
the member thickness minus 4 in. 17.7.6



ANCHOR RODS

= Anchor bolts vary in size from approximately 3/4in. diameter to 2 1/2
In. diameter with 3/4, 7/8, 1in.,1 1/4 in., and 1 1/2 in. being the most
common diameters.

= Avoid specifying bolt diameters in sixteenths and eights

(except 7/8 in. and 1 1/8 in.) as these sizes may not be readily available.

= Anchor bolts, subject to corrosive conditions, may be galvanized. When
ordering galvanized bolts, specify that the threads be "chased" so the nuts
will work freely.

=|f anchor bolts must be galvanized, it is best to specifyA307 and A36
material to avoid the embrittlement sometimes resulting when high-
strength steels are galvanized.

=Most anchor bolts are made from A36 material. Other materials used
are A307, A325, A572, and A588. When higher strength is required,
4140 steel is sometimes used.



=Generally, because most base plates will be provided with oversized
holes, It IS necessary to provide thick erection washers under the nuts.
These are usually 5/16 to 1/2 in. thick and must be accounted for when
the bolt projection is established.

*The use of lock washers on anchor bolts is seldom justified. Split-ring
type lock washers have a relatively small outside diameter and have been
known to suck down into the oversized holes resulting in an ineffective
anchor bolt. It is better to spike the threads or use double nuts than to use
lock washer.

= Anchor bolt projection is shown in one of two ways,depending on the
custom of the fabricator-erector. The top end of the anchor bolt may be
dimensioned either down to the underside of the base plate, or down to
the top of the concrete.
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When anchorage is required in concrete which is already poured, a hole
Is core drilled in the concrete and a straight anchor bolt with a swaged
shank may be grouted in place.

The swaging consists of dents pounded randomly in the

shank. A similar result can be obtained by depositing

little blobs of weld metal on the shank.

Concrete reinforcing rods with threaded ends have been successfully

used for this application.
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= Anchor bolts should not be used to resist shear forces in a column base.
Shear forces can be resisted by some device attached to the underside of
the base plate and inserted into a groove or key way in the concrete

foundation.

*The shear forces can also be resisted by the encasement of concrete
around a column base. More commonly, the shear resistance Is
developed by the friction developed between the bottom of the base plate

and the top of the concrete foundation.
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GROUTING

=Three-fourths to 1 %2 in. are common grout thicknesses, the lesser figure
being common for smaller plates while the higher figure favors larger
leveling plates.

=For small to medium-sized base plates (say, to 36 in. square) a common
method to ensure total bearing iIs to start the grout in one side of the
plate, continuing the process until it comes out the far side.

=For large base plates (say, over 36 in.) it may be necessary to drill a
hole in the base plate near the center but not so as to foul the column
section.

*The grout is fed through this hole and urged with the handy blunt
board to fill the void beneath the base plate. This grout hole should
be approximately 3 in. diameter.

sFor very large plates or long rectangular plates, two grout holes
may be required.



*The more space left between the bottom of the base plate and the top of
the concrete, the easier will be the lateral flow of grout. Spaces 3 to 4
Inches are not uncommon for large plates.

“/n summary, the grout thickness for the leveling plate method
should be in the % to 1 % In. range.

= For the leveling nut method, allow between 1 % and 3 in. of grout,
depending on anchor bolt diameter and the corresponding nut
height.

» Extra-large base plates require more grout thickness in general



Anchor Rod Placement and Tolerances

(a) The variation in dimension between the centers of any two Anchor
Roads within an Anchor-Rod Group shall be equal to or less than 3
mm.

(b) The variation In dimension between the centers of adjacent
Anchor-Rod Groups shall be equal to or less than6 mm.”

(c) The variation In elevation of the tops of Anchor Rods shall be
equal to or less than plus or minus 12 mm.

(d) The accumulated variation In dimension between centers of
Anchor-Rod Groups along the Established Column Line through
multiple Anchor-Rod Groups shall be equal to or less than 6 mm. per
30 m. , but not to exceed a total of 25 mm.

(e) The variation in dimension from the center of any Anchor- Rod
Group to the Established Column Line through that group shall be
equal to or less than 6 mm.

Unless otherwise specified in the contract documents, anchor rods shall be set with
their longitudinal axis perpendicular to the theoretical bearing surface.
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6. USE OF WASHERS
6.1. Snug-Tightened Joints

Washers are not required 1n snug-tightened joints, except as required
i Sections 6.1.1 and 6.1.2.

6.1.1. Sloping Surfaces: When the outer face of the joint has a slope
that 1s greater than 1:20 with respect to a plane that 1s normal to the

bolt axis, an ASTM F436 beveled washer shall be used fto
compensate for the lack of parallelism.

6.1.2. Slotted Hole: When a slotted hole occurs in an outer ply, an
ASTM F436 washer or 5/16 (8 mm). thick common plate washer
shall be used as required to completely cover the hole.



6.2. Pretensioned Joints and Slip-Critical Joints

Washers are not required in pretensioned joints and slip-critical
Jjoints, except as required 1n Sections 6.1.1, 6.1.2, 6.2.1, 6.2.2, 6.2.3,
6.2.4 and 6.2.5.

6.2.1. Specified Minimum Yield Strength of Connected Material Less
Than 40 ksi: When ASTM A490 or F2280 bolts are pretensioned in
connected material of specified minimum yield strength less than 40
ksi, ASTM F436 washers shall be used under both the bolt head and
nut, except that a washer 1s not needed under the head of an ASTM
F2280 round head twist-off bolkt.

6.2.2. Calibrated Wrench Pretensioning: When the calibrated wrench
pretensioning method is used, an ASTM F436 washer shall be used
under the turned element.

6.2.3. Twist-Off-Type Tension-Control Bolt Pretensioning: When the

twist-ofl-type tension-control bolt pretensioning method is used, an
ASTM F436 washer shall be used under the nut as part of the fastener

assembly.



6.2.4. Direct-Tension-Indicator Pretensioning: When the direct-
tension-indicator pretensioning method 1s used, an ASTM F436
washer shall be used as follows:

(1) When the nut 1s turned and the direct tension indicator is located
under the bolt head, an ASTM F436 washer shall be used under the
nut;

(2) When the nut 1s turned and the direct tension indicator is located

under the nut, an ASTM F436 washer shall be used between the nut
and the direct tension indicator;

(3) When the bolt head is turned and the direct tension indicator is
located under the nut, an ASTM F436 washer shall be used under the
bolt head; and,

(4) When the bolt head 1s turned and the direct tension indicator is
located under the bolt head, an ASTM F436 washer shall be used

between the bolt head and the direct tension indicator



DTl gap measured DTl gap measurec
here here

ASTM F436 \ ASTM F436
washer washer
a) DTl under bolt b) DTl under nut,

head, nut turned nut turned



DTl gap measured
here

ASTM F436
washer

¢) DTl under bolt head,
bolt head turned d) DTl under nut,

bolt head turned

Note: See Section 6, for general requirements
for the use of washers.

Figure C-8.1. Proper use and orientation of ASTM F959 direct-tension indicator






Table 6.1. Washer Requirements for Pretensioned and Slip-Critical
Bolted Joints with Oversized and Slotted Holes in the QOuter Ply

Hole Type in OQuter Ply

st | flomina et
. . 1 b!
Designation in. Oversized | Short-Slotted Long-Slotted
A325 or F1852 Yo—11%z ¥ In. thick plate
ASTM F436 ° washer or
< 1 continuous bar "°
ASTM F436 washer
A490 or F2280 o1 ASTM F436 with either a % in.
extra thick *** thick plate washer

or continuous bar *°¢

This requirement shall not apply to heads of round head tension-control bolt assemblies that
meet the requirements in Section 2.7 and provide a bearing circle diameter that meets the
requirements of ASTM F1852 or F2280.

See ASTM F436 Section 1.2.2.4. Multiple washers with a combined thickness of %% in. or
larger do not satisfy this requirement.

The plate washer or bar shall be of structural-grade steel material, but need not be hardened.

Alternatively, a 3z in. thick plate washer and an ordinary thickness F436 washer may be used.
The plate washer need not be hardened.
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e 8. INSTALLATION

8.1. Snug-Tightened Joints

All bolt holes shall be aligned to permit insertion of the bolts without
undue damage to the threads. Bolts shall be placed in all holes with
washers positioned as required in Section 6.1 and nuts threaded to
complete the assembly. Compacting the joint to the snug-tight
condition shall progress systematically from the most rigid part of the
Jjoint. Snug tight is the condition that exists when all of the plies in a
connection have been pulled into firm contact by the bolts in the joint
and all of the bolts in the joint have been tightened sufticiently to
prevent the removal of the nuts without the use of a wrench.
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e 821 Turn-of-Nut Pretensioning: All bolts shall be installed in
accordance with the requirements in Section 8.1, with washers
positioned as required in Section 6.2. Subsequently, the nut or head
rotation specified in Table 8.2 shall be applied to all fastener
assemblies in the joint, progressing systematically from the most
rigid part of the joint in a manner that will minimize relaxation of
previously pretensioned bolts.

o The part not turned by the wrench shall be prevented from rotating
during this operation. Upon completion of the application of the
required nut rotation for pretensioning, it is not permitted to turn the
nut 1n the loosening direction except for the purpose of complete
removal of the individual fastener assembly. Such fastener assemblies
shall not be reused except as permitted in Section 2.3.3.



Table 8.2. Nut Rotation from Snug-Tight Condition

for Turn-of-Nut Pretensioning ™

b

Disposition of Outer Faces of Bolted Parts

One face normal

Both faces sloped

L
Bolt Length nc?lrcr::glf?:zilt to bolt axis, other not more than 1:20
axis sloped not more from normal to bolt
than 1:20 ¢ axis ¢
Not more L2 turn Y2 turn =5 turn
than 4d, = =
More than 4d,
but not more Yo turn =5 turn % turn
than 8d;
More than 8d,
but not more =45 turn 3% turn 1 turn

than 12d,

Nut rotation is relative to bolt regardless of the element (nut or bolt) being turned. For
all required nut rotations, the tolerance is plus 60 degrees ()& turn) and minus 30

degrees.

Applicable only to joints in which all material within the grip is steel.

When the bolt length exceeds 12d,, the required nut rotation shall be determined by
actual testing in a suitable tension calibrator that simulates the conditions of solidly

fitting steel.

Beveled washer not used.
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e 822 Calibrated Wrench Pretensioning: The pre-installation
verification procedures specitied in Section 7 shall be performed
daily for the calibration of the installation wrench. Torque values
determined from tables or from equations that claim to relate torque
to pretension without verification shall not be used.

o All bolts shall be installed in accordance with the requirements in
Section 8.1, with washers positioned as required in Section 6.2.
Subsequently, the installation torque determined 1n the pre-
installation verification of the fastener assembly (Section 7) shall be
applied to all bolts in the joint, progressing systematically from the
most rigid part of the joint in a manner that will minimize relaxation
of previously pretensioned bolts. The part not turned by the wrench
shall be prevented from rotating during this operation. Application of
the installation torque need not produce a relative rotation between
the bolt and nut that is greater than the rotation specified in Table 8.2.
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o 823. Twist-Off-Type Tension-Control Bolt Pretensioning: Twist-
off-type tension-control bolt assemblies that meet the requirements of
ASTM F1852 or F2280 shall be used.

o All fastener assemblies shall be installed in accordance with the
requirements in Section 8.1 without severing the splined end and with
washers positioned as required in Section 6.2. If a splined end is
severed during this operation, the fastener assembly shall be removed
and replaced. Subsequently, all bolts in the joint shall be pretensioned
with the twist-off-type tension-control bolt installation wrench,
progressing systematically from the most rigid part of the joint in a
manner that will minimize relaxation of previously pretensioned
bolts.
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e 824. Direct-Tension-Indicator Pretensioning: Direct (tension
indicators that meet the requirements of ASTM F959 shall be used.
The pre-installation verification procedures specified i Section 7
shall demonstrate that, when the pretension in the bolt reaches that
required 1n Table 7.1, the gap 1s not less than the job inspection gap
n accordance with ASTM F959.

o All bolts shall be installed in accordance with the requirements in
Section 8.1, with washers positioned as required in Section 6.2. The
nstaller shall verity that the direct-tension-indicator protrusions have
not been compressed to a gap that is less than the job inspection gap
during this operation, and if this has occurred, the direct tension
indicator shall be removed and replaced. Subsequently, all bolts in the
Jjoint shall be pretensioned, progressing systematically from the most
rigid part of the joint in a manner that will minimize relaxation of
previously pretensioned bolts. The installer shall verity that the direct
tension indicator protrusions have been compressed to a gap that is
less than the job inspection gap.



DTl gap measured DTl gap measurec
here here

ASTM F436 \ ASTM F436
washer washer
a) DTl under bolt b) DTl under nut,

head, nut turned nut turned



DTl gap measured
here

ASTM F436
washer

¢) DTl under bolt head,
bolt head turned d) DTl under nut,

bolt head turned

Note: See Section 6, for general requirements
for the use of washers.

Figure C-8.1. Proper use and orientation of ASTM F959 direct-tension indicator
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Use with low profile Use with Pneumatic or
hydraulic wrench Electric torque wrench!

Sl )
213
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Use with impacting wrench
CLAMPS TO BEAM!

Use with Hydraulic Wrench Use with multiplier or hand
operated torque wrench
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