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) PRACTICAL DESIGN CONSIDERATION ( .
- FOR BASE PLATE AND ANCHORAGE CO “ECTIONS IN FOUNDATION

SumnderM Sachdeva ) ' SR
The purpose of t:h.ts st:udy about; "Practical Design Consideration For
. ’ ’Z
. Base Plar_e and Anchorage Connections .in Foundation” is to gain an

'

und'erstgnd.ing of anchorage, and that anchorage is the most important part

r .

. . ’ ™~ - —— .
g of the structure. Each anchorage is bound by a purpose ¢ith certain
T conditions and requirements and finally .suitable ngdterial\meaqs to -

’

v

accomplish it.

»

LA

The National Building Code of' Canada states little about anchor bolts

and it leaves its use to the discretion and judgepment-of the Engineer..

[

In the first four chapters the write,r: Surinder Sachdeva Thas brought
roug

4 ‘4: "

4o
-

out the facts of technology transfer, history of anchorage, various

practical factors which influence reliability, simplicity, economic, ‘and
. . .
' . various anchorage systems. ' ‘ '

s

Ce . In the design chapter, different methods of designing Pase plate and
w - anchor bolts are discussed. Also, briefly discussed are major %
requ?!.rements of e'mbedment--, tet}sion, shear, and combined loadiﬁg.

, Miscellaneous anchorages required for macgin_e‘foundation, massive
.concrete, and ¢ther problems pertaining to field complaints are described
} - .

with suggested det‘.ai}s.

. - -

Finally, conc.’nrsim'rs with respect: to majof‘ta‘s’mf an{:horing {ng systems

e _ are discussed, > .
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v . Chapter 1. '’ ° o
R . - . ., ' ' ) ""
INTRGDUCTION

po . : . . , . Y o .

I S

. ‘The primary functidns of alR structures.are to enclose a certain

L T ~ sgpace and to protect it from the natural elements of wind, rain,

earthquake, snow, from changes in temperature etc., depending upon the
. ; ’ .

} o L 3 . - ,
{ RPN : type of structures and the requirements. Every problem is conditioned by
1

‘ . ) o a final purpose, secondly by certa;n‘essenliaL.conditions to be met,
. . S ‘ \ '
) . e thirdly by secondary requi#ements. Anchorage is of utmost importance

‘practically in every case where an engineered sttucture depends on a
\ - r
concrete foundation for support and stability with\Particular reference

. to resisting stresses of shear, tension and compression. Perhaps the
¢ : . B

simplest but at the same time most commonly‘used form'pf anchorage in
€

building column is anchor bolt and base plate. Basically the structure

must find i1its support in the ground forcing it to react in such a way as

‘to keep in equilibrium the ‘group of farces and weights which act om it.

When horizontal forces occur, a weight and a balancing arm are required

N \ <

over the support to put them in equilitrium, as the anchorage of the

sttucture to the ground is, in general, a more difffcult and costly
e - . ’ .

stdﬁj» In regards to resistance: keep a balance between the acting

forcesaand the sunporting reections, by internal forces in the structural

elements. This must be eccomplished with utmost' economy and without: |
considering the const;uctional exigencies, aesthet}c anq functional

) reasons. In principle, the structurehcr anchorage must match tns

’

r . -

and ,sensation of unforced stability of the structure. ™~

.
> - . . s 'y

intensities of stresses, minimum of material, thus increasing the safety -
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I

~
~ ~
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+

rock or masonary, uging molten lead or sulphur as the glue.. Th

. . "
1.1 HISTORY OF ANCHOR BOLT ‘ ~

. . . . .
o N {
Before the development of Portland cement ig\bgg common practice to

Y N N

fasten anchor bolts and plates or other fasteners into drilled holes in

4

téchnicality has changed bwg very little during the past centufy and half

v

except that today a more éophisticated type of glue in the form epoxy

~

redin mortar, has replaced the molten lead and sulphur.

In earlier times embedment of anchorages In masonary and rocﬁ, other
i , ! R ‘ !
than concrete differed. little from current practice. The wrought iron

N
1 /’ ]

rods, hooks and other devices were built into the masonary or rocks to
. \ . 2

ensure against the pull out of the fasteners, . the big break change came

from the general acceptance of Portland cement concrete towards the end

of 19th century.

® - -
. Ce

. 1.2 ‘TECHNO}OGY TKANSFER AND REVIEWING OF -COD&S

More than 30 years ago the famoué Amefican scientist Vinerar Bush .

wrote that because of the “"growing mountain of research” methods of

transmitting‘the resulfs of technmology are totally inadequate. Codes and

standards- can be considered part of the technology transfer process.‘;ﬂoy

+

™
can designers be best made aware of the latest research results related

to the Suilding technolégy, the difficulties are great and immense?

‘ Reviewing the design refereﬁceé{ it is found that information on base
plafés and anchor bolts design is veryhiimited. The codes often reférre&
to anchor bolt design are CSA Standard Sf§.l-M78 "Steel‘structures ofJ

buildings®, Limit States Design and C.S.A. Standard A23.3*M77 "Design of

.

concrete structures for buildiggs™.' -




r -

N .
The reference inm C.S. Standard Sl6 1 is qﬁite amall and limited stating

»

tnat anchor bolts shall be\designed to resist the tension forces

developed from uplift- and bending moments és well as shear forces. . The :
most common concept used for anchor bolt desién employs émo;th,pr
deférmed reinforcipg Bar vith a plate.niThe'load carrying capacity”og
agchot Bolt; &ep;nd on their arrangémént and embedment lengths. CSA
Stahdard 23.3 lists minimum deve10pmenq length for given deformed bars in

a straight condition and development length for standard hooks and

bends. The design of base plate was controlled by bearing reatrictions
I

A

.on concrete, shear yas transmitted to the concrete through shear lugs or

bars attached to the base plate, and the tensile anchorage steel was
LN

) ge&érally propor tioned only for bending or direct stress. The embedment ‘.

requirements for anchcrage steel were: not clearly defined by any code and
were lgfc largely to the diqcretion‘of the design Eugipeer. The ‘major
building codes governing steel and concrete construction do not qpecify

design formulas for.giouted anchor boiiqbase plate connection details.,

In case of large forces in seismic deéign or nuclear plants above design

approeach is ineffiéient, expansive and bad construction details.

The ﬁurpose of this report 1s to review the various problems, the

“ ‘ . >
effect of edge conditions, strength of concrete, size, strength, aumber

T

and spacing of anchors are main requirements to control anchorage.
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. Structural Safety ‘ . (.
¢ X and . —_»

‘ ' X ‘Related Problems Jo
,‘ . | N ‘ ’ | | |
2.1 STRUCTURAL SAFETY B .
. \ ) B / ! i ’ 2o

,
L . - : {
. . N o

Structural safety is one of the basic requirements of any civil

- - . engineering structure. Until about two centuries ago all'the structures

were‘designed and built according to experience. A concept was tried and
. 4

gby experience involving collapse or accidents) the design methods were
\ . ’ .

h

refinei until a satisfactory solut{on was found. Tﬁg method of’design
was repeated over and over again perhaps with ight alteratiofi ané this
passéd on generation to(generation by the ﬁethod f apprenticeship. Many
iﬁperial rules we;e devel?ped in this wéy, gome are still used.

Teday most of the structures are desigﬁéd by a more rational direct
me thod involving an understanding of Newt;nian‘mechaﬁics:'external loads,
materiai behaviour. The more complex methods of éomputer and finite
elemengs are used to ensure the structure is sufficientiy'strong to\
with;tand all the loads applied to ;t.

Apart from the gound methods of design there is an ever present risk
‘of death or injury from structural collapse due to‘catasfrophic
“conditions suéh as major earthquakes, floods, hurricanes and tornados.
'These.collgpses still occur apart from all the improvements. But it is
not as great.as that from building fires or automobile‘'accidents. It %s
. . now recoginzéd tﬁat deaths or injugies can be preven;gﬁ drastically by

3

proper design. . ‘ . -

To reduce the risk of collapse to an acceptable level, gafety’factors

i.e., ratio betWeen the calculated strength and applied \

-
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‘loads are introduced and stipulated in building code and structural.

o
standards. Some bhgic factor of safety specified in National Building
'QOde, 1970 e.g., Overturning (1.5), Sliding (1.5), Bolts (2.§), .

M . -
Foundation (3).

Thére 1s now a comnsiderable research effort aimed at basing safety ,

criteria more directly on risk and- ultimate failure. It should be noted

that errors cause structural collapse, no matter how ggod safety factors :
R .

applied, are of little help in preventing collapses.

2.2 ERRORS

Errors leading to ,collapse are made by those who aesign, build or use‘
. " ' 1

»

the structure or by those who demolish it or excavatejear it. It is

very important that people should have the best information and the

experience to .make use of it.

“

Building Codes and structural standard specify minimum loads and ¢

safety factors and provide the best knowledge at the time of writing.

' *

Leaving aside a small conventional structure which is covered by the

- i

~embirfcal rules, standards must only \e‘applied by the competent and
experienced engineers. Good cogpmunication and inspection are tools ine

preventing errors from occuring. Unclear specifications or contract

arrangements, drawings that do not give sufficient detail or inadequ; te

understanding of drawings and specifications cause errors. Lack of |

communication between the structural éngineer and the building or

architect is a potential source of trouble. -




2.3 PROBLEMS DURING DESIGN

yi

Following ‘are the points which arg to be cosidered carefully during

design.

. / RN
a) Wind suctions on roofs on non-engineered buildings, roof ‘panels

provide inadequate wind anchorége. . -

b) Failure 1n.de£aila, sufficlient anchorage or bearing distance to allow /

the comstruction tolerance. . g

’ ) ‘g,

¢) Failure of connection'due to inderterminate forces or impacts. /
&) Choice of material for ekample inclu@e the selection of excessive /

L N
brittle materials, metal subjected to fatigue and fracture due to
vibrations and extreme temperature coqﬁitions. /
e) Assessment of loads due to wind uplift, ponding loads, snow slides),

explosions or impact. - : \ ‘

2.4 PROBLEMS pURiNG CONSTRUCTION

-

A building cannot Bé*manufactdred in 2 shop and then set in place
like a piece of furniture ip a4 house. Prefabrication of structural

elements, later to be assembled and joined together on the constructio

/
slite; has ,jbeen developed in recent years. In Canada this has /been a

great source of trouble mainly due to lack of ergkgiqn proce#ures, proper

-

temporary support.,, bullding elements wdicﬁuaré themselves, uhstable ox

incapable of resisting loads until thé buildiny is completga. Material

!

hahdling men complained bitterly about the obstructions and interference /

i
;.

° of the anchor bolt projections. , o




. l ) ]
In the field it is hard to place the anchor bolt in fixed position
. ‘ M

~wiile placing concrete., Yet fundamentally, the tmie function of an
1 3 anchor bolt«is its abiliiy to hold to the desired positiom. Sometimes |

LI I
]
X

the ¢rew had to bend them by hammering or even burn them with torches' to
. M b .

fit them into the bolt holes. The only effort ma&g 50 far’ia to provide

@leeves, this merely givesfmore length and space for bending to fit into

-

the bolt.holes but still they have tq:be bent by hand to the desired
\ 4 i 3 ' i
fittings. . s "
) ] S~

~

2.5 PROBLEMS DURING USE

:
1

The changé of use of stfucture, alteratious,can drastically change
the structural capacity. Unwanted collapses during demolition usually

occur because of inadequate understanding of structural behaviour.
- Al - B
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i
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Chapter - 3 -.

COLUMN BASES

B.1 BASE PLATE

In most steel structurés, base plates are provided to spread and
distribute the colﬁmn loed to the concrete foundatién either footing or
pedestal. Since the plate is usually larger than the column, bending
occurs resulting in compressivé bearing‘stresses in the ;oncrete, they

are small at the edges and maximum under the column. Since the column

o

\ = '

may be of the order of 10 to 20 k.s.1. (68 to 136 MPa) working stress,
depending: upon thgjgnd conditions and slenderness ratio, stress of such a
magnitude will simﬁf%;crush the concrete. This justifieé the existence
of a base plate, thick and large enough to distribute the lpad safely
from the highly stressed célumn to the leas.tesiétant concrete. For
concentric loads methods-are suggested in A.I1.5.C. and C.I.S. C.
Handbooks for calculating the thickness‘bf the base plate. A few
comments are forwarded about these mehtods.

’ The non‘unifors stress distribution under the plate due to axial load
or moveme;t is a function of flexural behaviour of the plate. .The ratio .
of the area of concrete to that of the plate, which' effects confinement
and conseqﬁently the triaxial stress state in the concr;te and the
non-linear concrete material behaviour.- This complex behaviour results
in a rigorous analytical soclution. The b;sis of A.I.S5.C. emprirical
formula was the result of ShelBon'g experimental work on plate subject to
beﬁding for large ratio of A./Ap where A. is the area of concrete and A
18 the area of base plate. According to Hawkin's invgstigations base‘

. !
plates designed by A.L.5.C. oxr C.I1.5.C. methods are quite conservative

°
]

\\“\-\
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»
'

The method demoﬁstrqted in the‘A.I.S;C. specification produce a unidue

thickness for a given load, concrete area and concrete compressive
. 1

. )
. l

T strength. and thits' cannot be used to predict the sfrength of plates with

-

other thicéqesses. ,
According to John T:.Dewolf, test results indicate that reéent

reviéions to the A.I.8.C. specification for the deéigﬁ, fabrication and .

errection of structural ste;l buildings is consérvative. It is desirable

-2 ta have larger factors of safety in base plates in columns than for beams
\ .

and columns. ThékreQuired plate thickness is given by:

x S t =" | 3Fp xn2 | mmmmmemm(1)
. NTTwm |
Where Fp is allowable bearing pressure on the supporting

" material, k.s.i.
n = The ‘maximum overhanging cantilever span of the bearing plate.
t = Thickness of bearing plate; inches,

Fp = Allowable bearing stréss in Bearing piate, k.s.i. °

3.1.1 PLATE DEFLECTION N . f’)

.

» As the sizé of the platé incfeases, the deflection'becomes larger and
porfions of the plate which deflect most cannot distribute the assumed

uniform lodding to the supporting material: Thus portions of the plate
which, deflect the least must carry a higher load and may overstress thes

7, 'underlying support, Therefore, some limit should be placed upon the

B3 ' deflectign on beariny plétes. This limit should be a function of the.

-




, ’ ' ' 3 ’ g M -
deformability of the suppofqing material. The equation -for deflection of

@

a fixed eéhtilever under uniform loading can be restated to express .the
a . *

required thickness of a sbearing plate.as a function of the

deflection at the ‘edge of the plate

¢

~ .
t=_0 3/Fpxn .. where Eg is assumed ~==-=—m —(2)
10 20x a . to be 30,000 k.s.1i. C !

-

where a is deflection of the bearing ﬁlaté, in inches., The -
theoretical analysis of the deflectionm that should .be allowed for
A various supporting material is beyond the scope of this papeff it 1is

believed that 0.0l inch of upward deflection at the plate“edge is’

reasonable and practical limitation for most bearing plates.

; Y Equation (1) can be restated Fp = Fp x t2 and ued to replace Fp_
‘ : ~ 3n2
in the familiar equation for deflection of a cantilever beam under a
- .
. uniform load
S 3= 30 - after rearranging
3Eg x t£ x Fp AR
Y
. following equation results:
[ _ t =_02x Fp ' —(3) -
| \ . 60,000 x a §
> ‘ ) : ‘
where E is assumed to be 30,000 k.s.i. , °
o . ‘ See Figure 1, in whicﬁ equation 1, 2;_3, can be cgmbined on one
‘r . ! N - [ B
g‘ graph. . , o
T \
| ‘ A
‘j 3.1.2 ML COLUMN BASE PLATE THICKNESS
\ 4 .
4 As the‘ioad on the’rcolumn diminshes, the required base plate
) thickness approaches the size of the column itself. By A.I.S.C. or )
) *_“_ <.
C.1.5.GC. mehtod of analysis, the overhanging cantilever span and there- .- )
“ ’ ' ' ‘ . Vo ’ . ' : ' .
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1 o . For part I, the unit rotation -about x—-x axis

N
.- fore plate thickngss approach zero, obviousgly, the A.I.S.C. method does
not apply in such situations., This problem can be most éasily solved by

yield line theory. -The development of this theory can be found in

standard text books on structural design by R.H. Wood, Plates and Elastic

N
\ Designno'f Slabs 4nd Plates, The Rona]} Press, 1961. According to F. Ling

~ N

- - #,
the development of design of bearing plates for columns is as follows:

. . Réf.erring to Fig. (1).

o
-

[

! 1
\ n 8 ' ‘ \

For_part:' II, the unit rotation about the y-y axis

L3

- i ‘f . o
L. b )
; . . ' ( .
et D = internal dissipation of énergy
D = (rotation) x (length of time) x (plastic mowment)
_D=lx4bep+lx4bEMp+l:E2dpr :
! * ’ - EE’ ' b b .
. =4Mp (L +B +d) .
B Zb
‘ W = 'the externaﬁoz;)c
W » the volume of pyramids of deflection times the unit pressure.
. - - . ' L o
; W=l Fpxbxbf x4+1Ffxb (d-2b8) x 2 :
' <3 2
: .‘ v " ) 4 - Fp X -bz (i - Z.B) P ) ' . -
i ‘ A L ] ) s . b 3 .
’ . " T
| S . Let:A ‘= d, set D=y % )7’/
1 : ! C b ‘ o o N
t_ % e . Mp = Fp'x b2 x A-2/3B Yo
, i . ‘ 4 1/8 +8+ A/2 ' e———— —=(4)
: { - s - . <
L o , " There is only one value of B for which Fp is minimum or Mp is

hed
I

L2




Differentiating with respect to B and setting Mp' = 0, leads to:

-2 (L 4B+ N2)Ay(A-28) (- 1+1) [ — sy /S
3 B - 3 BZ ) ¢
.
rearranéing' A- 2 B' i ) ) . ;
3 = .2 x 1 . = 28 but :
%_ F B+ A2 3 12 3(1- B2) . ;
. : ' . ¢ . !
from equation (4) ‘ A . N |
A - 23 = 4 Mp
-3 . Fpx b — .
é +B8+ A/2 . ' . ‘
‘therefore. . . 'l i , ' : j
‘ . 2 X 82 , = ._4 M ) a . .
IRy TR o _
| Mp = Fp x b2 x " B2 " mmmmmeee=(6) ) -
Z. 3 (1-8%) S :
) " At corners due to lack of fﬁll plastic moﬁents Mp should be incfeased
. by 10 percent and also substituted for Mp - Fy x t2 .and a factor of o T e
N . . ‘ 4 N

- safety of 2 inserted

Thus Fy x t2 = i.l/Fp b2 ' 6‘2 \x 2
oo 4 . ) 2 . 3 (1- B)

and t = 1.20 x bxBx[ __Fp _ R e 1
) Fy (-89 -

To find ;:h.e ‘value of B , solve equation (3) by expanding and

".collecting: ’-,is = A4) o+ A .o
: 3

3 BZ
[ 3 . , ~
g2 + B =3 ‘
% - '
9 - ) ' “
from which 8 = 3.+ 1 R [P e ;) _
T T w2 7 ~ !

s -, _ ./ :
For example, compute the minimum thickness for a 14 x 8 WF column

~

using Fp = 0.750 k.s.i. and Fy = 36 k.s.di.

where A=d  see Fig. (1) A=" 12.62 = 3.28"
. B 3.85 l
using equation (8) B ‘ y
Ro= | 3+ 1 - i \' . ®
S\ 4 - 4x (3.2;;)2 2x 3.28




& - 17 - . .
. 5 ' = 0.88 -0.15 =. 0.728 |
using equation’ (7) . S
.t = 1.21 x 3.85 x 0.728 0.75 / . :
- : _ 3 (1- 0.7282) . .
‘t = 0.711 inch ) Y -

I N - .

— -

'Roark'sﬁqgggfion‘for maximum deflection at middle of the free‘edge of

a plafe‘which is fixed on the opposite edge and supﬁorted‘op the
, . g

" .

" other two edges can pe restated =, . - TR

P E e =\3\ 1.37 Fp x b¥ e (9)

6 Esxa-i-LO_ . .
) A3 . ) S

Assumption’' in the éqﬁatidn (9) is that plafe a is unowhere stressed .

" ' ., beyond the elastic limit. )

e . Another equation. for findiﬂg thickness by Roark by. setting

maximum stress which occurs at the middle of the fixed edges, equal

to the yield stress of the steel. Thus ‘ .

- -

" Note equation (10) merely gives minimumlthickness for which equation (9)'

AN | is appiicable. Since the yield stress is used with ﬁo factor of safety '
‘;\\\\ | equafion (10) cannot be relléd—upbn to. give a plgte'thicknegé which will
o ‘\\\\\\ be s;fficieﬁtly stroné. THE yield line mugt be used to'check the..

’ \§\ uitimace s;reggih.‘ - . PR — -

-
-

~ [ . 5
N . . R
- v . ‘ f , v

: . 3.2 BASE ROTATION . R v
1 . .

’

The fundamental base-rotation characteristic is an important factor

to be discussed. Consider the frame of the bdildiqglas shown in figure

' v N

2.0(a). Assume column bases are rigidly held to their concrete

+ il
. i .
. P . - . o
v ' ) . 3 »
s . . .. .
) + ,
£ 7 : : :
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very flexible column,‘deépite the rigid connection, the moment at the end

. of the beam is insignificant. The rigid connection is pdintleSs.

-19 -

¥

footings and are’ axially loaded I1f the éoil underneath the footing is

e

uniform, the atress distribution on the bottom of each footing will be
symmetrical and therefore there will be no bending moment at the. base of
the column. If the lateral load is applied as shown in the Fig Z(b) the

'

frame will deflect.’ Should the foundation material be firm soil or rock

and the footings are proportioned as not to sfrain the material

significantly, each column base will be effectively fixed. 1f on.the

‘other hand the soil is compressible or size of the footing is inadequate

. " the frame will deflect, regardless of the rigidity of the base

connection, each column may behave as though pinned at its base.
! . o '
Such conditions can also happen in case of heavy beam connected to

vy '

\

L

Therefore it is important that a design engineer must determine the
iy _ .

capability of "developing rotational restfaihtﬂ

'

It will be assumed that foundation has capacity'to resist’ any ‘moment

transmitted to it without deforming significantly.

-

Beside the subsoil characteristic,, the most important variables that

determines the moment rotation for column anchorages are (a) dimensions

"of the base plate, (b) dimensions, location and ‘stress strain

\

characteristic of bolt, (¢) vertical ldading. K
I . ’ 5’
Five stages in respoanse of a base to constant vertical load and

increasing moment are shown in Fig. 2 (stages 1 to 5). The stage one
ho;ds‘forylow values of moment the stress under the plate may be
. \ N ) »

non-linear but assumption of linear pressure i1s acceptable. 1In stages 1

and 2 it makes no difference whether the anchor bolts. are present or

I




not., As long a; there is full ‘compression under the base plate, anchor
bolt;‘aré not required. In éuch conditions bolts are providgd for
ergction of steel. Once the momeng 1s increased and tensile stress
induced in bolt, this stage can go as far as most highly stressed bolt
begin to yield as shown in Fig.éﬂ.o gtage 3 and'4. Compressive stresses
will be nonlinear Stage 4 encompasses the yield range of highly stressed
anchor bolt anJ ends wngn;they start strain hardeming. Last stage 5 |
covers ihe case under which most highly bBtressed an;hor bolt strain
hardens and dltimacely fractures. At this stage, crushing of concrete
may ;ccur or pulling out of anchor in tension.

The above st;ges can’HE‘classifed:inio three conditionms.

Q(i) e equal to or less than 1 i.e., compression over the whole
L 6

area of the plate where e is eccentricity of equivalent axial
load and L is the length of the base plate.

(11) when e lies between 1 and 1

‘ L . 6 3
(1ii) when e greater than 1. . . .
g L K .

"Conditionsi(ii) and (111) are critical.

3.3 MOMENT ROTATION CHARACTERISTIC

The methods of analysis or design for determining the moment rotétiqn

characteristics for. common types of anchorages in light industrial
build}nés are useful for cases in which resistance to rn‘ion may be

»

critical to the survival of the structure under very heavy lateral loads
such as blasts, earthquakes etc. —
Anchorages of multistory buildings are unlikely to fail in shear

because they are so rigid and friction’ due to axial load is so great

N

e A e i i T
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In general the anchorages of .t;at'll buildings be;.ng heavily embeddg;l i‘n'
concrete, can be considered fully fixed, hence the deformation and
failure would be governéd by the'properties of the columns. In 'most of
the light industrial buildings, \the column anchorages are between the two
» extreme cases of fixed and fleszble anchorage. These.consist of base
plates attached to the bottom of the column and held down b¥ anchor bolts
embedded in a concrete pier or footing. Several papers have been
published including paper by Ct/xarles Salmon, Schenker and Johnston which

gives first appr/oximatiifﬁ for designing moment rotation characteristic of

o

base anchorage. Empirical procedures have been used. for.design purposes

with the knowledgé that a large factor of safet); is available to absorb
discrepar}cies_bétween t:hg assumptions and the actual behaviour of
iricih;)rages. ‘

The total rotation of the column base is a function of rotation

between the footings and soil, bending in the base plate, and the

\

elongation of the anchor bolt. The derivation is out of scope of this

paper, ReQr_;o/ﬁetric Design Manual Precast and Prestressing Concrete of .

' Canadian Prestress Concrete Institute, 1982 Chapter 4. i

-

3.4 BASE CONNECTIONS ) : -
rS'pme of the details shown in Fig. 3.0 (a to j) are frequently useddn——

the day to day design and these can be further improved. according to the

conditions of a pa}ticular problem, It 15 customary to depend upon

anchor bolts and base plate as the direct connectiopn for resisting any

.
t

— _ b w2
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tension ‘caused by overturning. Columx;s may. be embedded in the concrete
buts this is seldom effective 111' resisting bénding stresses unless the -
embedment is 3j to 4 feet. (; m;tre to 1.‘5 metres) deep‘and the cqncref;
is designed to provide the necessary reactions.
(a) Thi‘s shows a simpl{fied cond.ition and this might

occur'in case of a gside wall columx; of a tall mill-building in

which the frame action of each bent (column- and truss) is\ in one

row across the building. |
(i)) A milhled column shaft resting directly and squarely 'upon_

a base plate will offer some resistance to rotation because of
' the "riding" of the lewaf'd flanpge.

(c) Here ;3ase angies are connected to the column and the
anchor bolts, the base plate being for the distribution of
pressure only. Unless c see Fig. 3(c) is very stiff, it will
bend as shown to an exaggerated scale, and it will yi'eld/
excessively. It is obvious that tl'lese bolts must provide

‘ necessary downward reacti&T ‘and that the pressue P +:L‘ tends to
l(s‘concernitrated near the leward flange.

(dv) . This shows the ineffectiveness of web angles on the column
because both theﬂ short lever arms and the warping of ‘the . -
outstanding legs of angles. \Jt;en the wind is 90° to the web of

" the column, these angles a;."e also weak.
(e) This shows ¥\base plate welded to column shaft. If the
) base:plate is thick enough, it wfelds adequate and 1f the concrete:

-

can resist safely the arrangement may provide a greater lever

—a




®

arm and more effective resistance.

\

(f)' This illustration Shows one arraﬁgemént for "boots"

at a ‘¢olumn base to p.revent weakness caused by the yielding of.

details. . - ;

~-
-~

' ~— s -
(8) This is a minor modification of Fis..2(f). All{®orizontal

"

shear mast be resisted by the web angles and the friction because

the anchor bolts stand free of angles, see Fig. 3(y).

(h) Here the column is set so close to the face of the

LN

exterior wall that one pair of anchor bolts is placed inside, of

-
-

the outer flange.

. (L) This shows a case where the wind is acting perpendicular

to the column web. !
(j) + Here is a heaVy column shown with channel cover plates

and stiffening plates so that large movement can be resisted in
- - J

"+ any direction

. 3.4,1 CONNECTION BETWEEN BASE PLATE AND COLUMN
- 4 ¢
. .The column is attached to the base plate with clip angles or welded

and should be properly designéd so as to carry the load ‘on the anchor

bolt.” The bolt tensions fixes the toe of the angle against the base -

o

plate and causes an inflection point between the bolt and the vertical
leg of the angle, so that th\bolt load is cantilevered only about half
way. Use of bending theory, the. .thickness or size of angle shall be

v

checked. The welds are treated as line load and section modulus of the

weld and bending force is calculated.

S et . 4

g
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3.5 PRECAST AND PRESTRESS COLUMN BASE

When the.precast or prestress column base or base plate is provided

S . /
to di§tribute the load on the pedestal, column bases .must be designed for

both efectiog loads and service loads. The thickness of base plate is

'

calculated in the same way as in steel tolumns except for projection or

cantilever of - the plate shall be as follows:

. (a) In cas;é all anchor bolts are in compression projection

!
X¢ or x(./is from face of the concrete column to the center of

3

anchor fbolt or to the edge of the plate.

{b) If /the anchor bolts are in tension one or both sides *

\

proje/ction Xt or X; is center of main reinforcement ‘of columa to

!
4

the tenter of bolt or edge of the plate.
b

When the bolts are near a free edge as in a pler wall, the buckling,

of the bol¢s before groutﬁlg way be a consideration. Confinement.




X

NI

! 1
1 (745 to85mm
S
i :

(b) Flush base plate

_PRECAST ‘AND PRESTRESS COLUMN.CONNECTIGNS

FIG. 4
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! Chapter -4

‘ B ANCHOR Bom}s L

3

4.1 ANCHORAGE . Lo .

- Experience has shown that the most critical points of- St‘x;ucr.ures are

4 L .. e )
counections and dnchorage is one of them. As a result of increased use o

N . 4
" v

of high strength materials, thus higher. stresges per meter square ‘must be

transferred’between the structural element than ever 'before. It is at '

~

»

+ these points that stresses are concentrated and the qgreat:est care 1in

.

\

design, detailing and construction is erequired Anchorée sys;ems are ,

~required to'connect t:.he yaridus equipment, -vibratory machines and olthers \

to concrete foundations. ’ SN _' . IR |
. . . \ j
An anchorage S)}stem or co’nn&ction, bj; an _anchor.‘ balt or expansion bolt

or insert and gtoqr_ed bolt must be reliable, economic:\al and’ eimple. Each . .

anchorage should be of adequate strength to perform i’for wh:'l..ch-it: has been |

It-must be capable of required quality installatfon upder field

.’ ‘ N : N Vo
conditions éid be able tg-’perfom well throughout the life of the
v . ' . - ‘

-

' - structure. . o g,
4 Based on eXperience end extensive labordtory tests of structural . N
- o + . . %

menmbers, facto_x:s of ‘/safety have l;een redﬂcedz,&but at the same 'timeldegm_e‘

. of knowledge and seéuri‘t); ehould be cepp'li.ed t'oﬂ the coun%cti‘on design and ’ : ‘ ‘\

o \cgnstruction‘: The anchorage system can be classiéied into four types: ' .
a)- Embedded ;eﬁchot Bolts

b) Expansion Anchors
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¢) Grouted Anchors - - .-
>
d) Inserts or Concrete Inserts
A brief expianation of the above four types of ahchor boits is éiven
below. @ :
a) ANCHOR BOLTS -
Most industrial structures depend ;n concrete foundation #for supﬁort
and stability wiﬁh particular reference to stresse; of ghear, tension'and
compression. Anch;r bolts are most commonly used and perhaps thei

simplest form of i?chorage. Anchor bolts are of many types and usages,

fanging from the 1/2" (12 mm) and smaller bolts for anchoring light

. machinery and the structures to the 50 mm and 75 mm diameter bolts for

anchoring arches, bridges and other heavy structu;e. Anchor bolts of
var%ﬁus grades of steel, alloys are manufactured meéting most of dgsiga:
reqﬁirements.( Anchor bolts having high strength and improved charp&*
V:notch impacﬁ properéies. For convenience of specifying ételco
manufacﬁdfeb anchor bolts using:class designﬁtions. Five classes have
been éelécted to cover most dgsign conditions and also limited to those
steels readily available, - . ’ Yoo
CLASS -1 Conventional Reinforcing Steel

These are produced in accordance to CSA standard G30.12-M. The ’
A . -

v >

qpecification covers qefcrmed bars for concrete reinforcement with two ~
‘minimum yield‘strength5'3éo MPa and 400 MPa. - ‘ '
| CLASS -2 Stglwel&.AOU Reinforcing Steel * )
This is produced in accofdanc; to’géA standard G30.16-M inm single minimum
yileld point 400 MPa. This material offers superior weldability and
ductilit%;kéer che equivalent strength Grade Glass -1 anchor bolt. .
\ . ° : )

, N

\ -
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CLASS -3 High Standard Steel

s '

Anchor bolts of this class are medium carbon steel produced as quench and
° ' [ ]

tempered smooth bars. The quality of this steel is similar to ASTM A325
structural bolts and this. steel can be listed to charpy v-notéh iﬁpac;

values if requested.

. +

CLASS -4 -High Strength Alloy Steel

This is an alloy steel produced as quench and tempered smooth bars,

-

‘shaQing higher strengths.
CLASS -5 ASTM A687

This is an alloy steel, produced as quench and tempered smooth bars with

mandatory chaxpy v-notch impact properties.

Class - 1 anchor bolts have been used for general anhorage in ~

<

construction industry. For greater concern anchor bolts Class -2 a:é ’

sp;cified. Class -1 and Class -2 are als6 available in deformed bars.
Class -3, -4, -5 aqphor bolts are quench and tempere& high strength

steels useinn speciai conditions of high tensilé forces, for Mxposed
strugtures, impact loading, extreme cold aﬁd hot temperaturesl Before
using the-anchor bolts for special conditions speciéicdtiong shall be
checé and verified with the manufacturer, ngndar& nuts and washers

sho match the propertids of the anchor bolts. The various shapes of
’ ‘ - .

anchor bolts‘are shown in Fig. 5, Fig. 6 and are commonly used in the
. . [
industry. R

The original form of amnchor bolt or rag bolt (Lewis Bolt) wfﬁh rugged

protruéions is for better grip in concrete. These have begn largely

. -repléced by thelmodefn indented foundatiom bolt. Hydraulically stretched

e

) ‘
{

s ne s

[
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TYPES OF ANCHOR BOLTS
. ~ _FIG. .5
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bolts, wedge type with shank split, toggle bolts, screw plugé,ldail

anchors are varieties of small fasteners.

b) EXPANSION BOLTS B s .

Such anchors are nérmally based bq‘an expansion principle wﬁerebi .
tighte;ing the bolt expands the anchor body or a seEtiou ;f the body to |
grip the sides of the hole into which iE is f}tted to transfer loads into
sgruCCura; component by direct bearing and or friction.

Caulking anchors are available in threé tybes:

a)\ Machine screé anchors

b; Machine bolt compound anchors (multifle unkt)

¢) Stud bolf anchors (single unit), see Fig. 7

Caulking anchors consist of lead sleeves and a threaded zinc, brasé;

or malleable expander, comprising a single unit. These anchors ‘are

accompliéhed by expanding (caulking) lead sleeves over the expander

"element in a hole pteqcilled to the manufacturer's specifications,

Caulkigg is done by hammering with a caulking tool. These anchors
&evelop high power of load resistance in relation to the hole depth
requirements. ‘ |
Mechanically expanded anchors are also available in five classes:
a) siﬁgle cone ‘b) double cone c¢) closed back d) four legged
closed end an& é) stﬁd bolt. %he anchors are dropped or tapped (wi;h
light hammer3 into pfedrilled ?oles. After the fixture is bositioned, a
machine bolt is inserted éhrough the fixture and threaded into the
expander. |
Stud bolt types are dropped into predrilled holes af;er.che fixture
is positioned. The taﬁpered end of the bolt is drawn into th; shell by .

tightening a nut on the bolt. These bolts can hold up to 11,000 lbs. (49

KN). ’ 7




PN

- 34 -

! i °

Long shield egpé?five anchors.

These consist of a shell haviné an internal thread that conforms with ;

the configuration of a léé screw. They are manufactured from zinc alloy
,6; in special sizes frqm.ma1léable iron. It is a simple matter of
dropping (or tapping) the shell into the Role drilled to’ the
manufacturer's specifications, then placing the Fixture in position, a
lag sérew is inserted into the shell and tlghtene@. Maximum expansion is
acquired by cqmplétély threading the lag screw iﬁgo the shell.

Manually expapded anchors consist of self drilling anéhors, steel

shell drop—ins solid steel stud anchors see Fig. 7.0. Self drills are

comprised of a steel shell, having cutting teeth at the lower end and a R

steel expander plug over which the shell is expanded. .Steel shell .
drop—ins are similar to self drills, except the shell has no cutting

- teeth. Self drilling are avaiiéble in two head styles: a) tappered
heads b) flush heads. All of these are core drills;

The tappéred heads are inserted in elastié or air hammer chucks and
will drill their own holes by manually swivelling the chuck while
employing the hammering action of the power hammer. Tappered head types
are expanded'by hamme{‘action of the power hammers (without rotation).
E;pansion anchors shall not be uéed to .resist vibratory loads 1in tensign
zone. f

. ¢) GROUTE;J ANCHORS =~ .
////. In this case a stud or bolt fitted in an oversize hole'partially 'w

filled with grout. The bolts are then suspended Qo that they are

centered in the holes. The bolts are wiggled and moved in and out of

’

‘

4

eu‘
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1

the h;les to rid of the grout péste of any voids. The bolts are secured

so thét they extend into the holes of required depth;where the initial

grout get derated, the remaining portion of the holes are then filled N
with more grout paste. When the grout reaches sufficient strength, the

plates are fastened to the bolts by tightening the nuts to “snug tight".

/. ’

Grouts are used frequently for their special characteristics.
Special grout shall be tested to verify their required properties. The
usual gfout, one portland cement and three parts.fine sand by volume
mixed with water or one part of portland and three ﬁarts of fine sand by
volume., 'In lieu of water, a siﬁgular'dispersioh of polymer resine can be
qsed as liquid or premixed nonshrink grout, ‘ f\
d) CONCRETE INSERTS T o ) ’ .

- These are predesigned and prefabr;cated embedmgnfg\agd usuéliy

installed prior to the placement of concrete. These are soimercially
@ N [ N

available and specially designed for attachment of bolted conmection.

~

The embedment and surrounding concrete shall be‘designed for transmitting
- N a

to\the concrete structure all loads used in the design of the

«

attachment. The strengths_of embedment 1s effected by size‘grade of '~ .

sgeeli spacingzand depth of emb;;ment and dimensioQS'onconcrete. | ’
Inserts may be classified iaoto four categories: a) light

b) me&ium .~ ¢) heavy duty and cuééém fabricated.' Liggt inserts are used .

in thin slabs, flat slabs to support false ceilings, water lines etc:,

see Fig. §8.0.
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- Safe load carrying capacity in tensiong vary with the insert bolt
diameter and are usually 1000 N (200 1lbs.) fer 3/8" dia_mer:er (10 mu)
r . diameter up to several thousand of pounds (Newtons) for 25 mm or inch

[

d_iameteir ingerts.

i .
Mradi,um duty are used in anchorage of forms to previous cast-in places

[ : .
concrete. Handling of precast units is done by Inserts anchorage see

‘Fig. 8. '
U1t imate capacity for imserts of this type vary from 2000 1bs. (9 KN)
\ to 18000 lbs. (80 KN).
Heavy dut:'y inserts are used for anchorage of steel cantilever lock
" and dam comstruction. . It 18 also used for handling_'heavy precast units
as shown' in Fig. 7. Ultimate capécities of such types of imserts range
from (80 KN to 355 KN) 18000 1bs. to 80000 1lbs.
‘Special anchors or inserts are fabricated to suit unﬁsual conditions

due to reinforcing steel or prestress locatlons 1a a concrete member,

Such inserts are generally fabricated of wire weldmeunt configuration,

n )

P )
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5.1 MOMENT RESISTANT ANCHORS .

/v

A momensPesistant anchorage'is desirable at the base of the columns ~ )

and this is done in light industrial buildings producing light column and

reducing the lateral deflection. : }

[

When the ratio of moment to axial load f% such that %3 where e
le

the eccentticity.and L is the length of base R&ate liles bereen 1/6 or

is

1/3 and greater than 1/3 (Tensioun over an area of 1/3 or less and

over an area more thah one third), anchor bolits are essential to

i

tension/
maintain the equilibrium. See Fig. 2 (stage 3, 4 and 5). :

In normal working stress condition, combined theory, the stress in

concrete

Hh
(¢}
[}
g
~

B x L T . -

(1 i. 68) st e e et e ( ll)' ’ \ .

o |
when the enccentricity is sufficiently large in prOportion to the dipect

P

load to make % factor of the equation greater than %- ?actor equation
‘11 no longer holds true and a vigorous analysis leads to 'a cublic equation.-

Therefore, to find the maximum tension in the bolt and maxiwmum

allowable bearing pressﬁre on concrete following methods lte commonly o ‘

used.

-

5.2 PRESENT METHOD

5.2.1 WORKING STRE§§ . /

G

When the moment is small compared to axial load, designing of base

plate or anchor bolts is simple, use equation 1ll. 1In cases where moment

is quité*large compared to axial loads, see Fig. 9.0, it may be noted




«

N

base plate . (-r% )
‘ e }14) P

anchor bolts and'"n” is modulus of elasticity ratio of steel to concrete.

3 Lt M
o a

‘that three Qer;;cal forces, PCT. The first preliminary equation is found

.

by. equating their summation to zero -
P + T .~ C = 0 (12)
Thus there are three unknowns requiring at least thréé'equations and

second of this found by setting the sumation of moments about the force

a ]

C equal to Zero.
: Referring'to any stindard text book e.g., Gaylord and Gaylord and

John E. Lotheré "Design in structural steel,” standard values are :

- calculated in ferm of equations. ' V

The method is based on concrete beam analogy method, such that center

-of compression is at the centroid of triangular prism, see Fig. 9.0 at o
the top of the analogous concrete beam., In a similar manner, the

. \ ‘ i o .
‘resultant axial load that "e".inches out from thequu:er line of the -

column must pass through the centroid of the stress prism in the cqncrete"

footing beneath the base plate: .The following équations are reproduced

for calculations.

oy

P(3r)-T(a-%) = 0, -—--—(13)

Plus sign will apply when equivalent load line falls outside the leeward .

edge of base plate and minus sign will be usedﬁwheﬂvit‘falls within the -

eS
L3
L]

nfc = x .

T/AS a-x A

e ‘

i

-Equation 14 glves a transformed section‘by similar traingles, see
4 . 3 ' ,

Fig. 9.0 in which AS is the total cross sectional area of the windward

[}

Finding expressipn for .P and C

R P - I (3a-x ‘
P = xx3 LT (19)

Since C is.numericaily equal to the‘vgﬁume of the compressive stress
! o [
prism, . ‘ . e ot
. ' -. N ] K - . .

. . . ey . S e e g -
R R AL LU T SR P S TS AN ' M
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~ beam design. <
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e Equation in te€rms of x Y o - \
%3 + 0 x2 + 6nAg (a+Q) x¥% = 6nA; (a+R) a e eem(17)

~ B LA ) B v
To make the 'analogy perfect, however, the moment arm by which "the

\

y 'li;olts are analyzed for tension would ;mve to be (a-x/3) see Fig. 9.0, the

" latter correspouds to jd of the a(m'xl’o‘g‘aus bgam.‘ Futherm'ote, the area
required of the anchor bolts would have to be ipversely proportional to
;‘.hé length of' the mo.meht arn;. On the contrary, their area is directly

proportignal to (a~x/3). Therefore, so far as anchor bolt analysis is

( copcerneci, the analogy fails. Thus in case>%<fe‘-<% * the computable

. éatress for windaward‘ anchor bolt is smalln. The above beam theory is

[:4 .
applicable only for large moments and small axial load i.e., ,-% > %

¢ AY

+ 5.2.2 - ULTIMATE METHOD . ' ‘

. . ‘ _
The method is based on assuming that the #mghor bolt is yielding and

' -
the nonlinear concrete bearing stress distribution at failure can be

reptesented by gtress block, see Fig. 9.0 (d). It is®generally assumed
\

. ' -
0.85 f¢' which corresponds to the basic value used in reinforced concrete

‘4
Therefore equilibfium of vertical forces *

< Py = 085 x fc' % a'xB - Ay X fy + =—-————r-=(18) .

- Taking moment about the resultant compessipﬁ -
- ) . \ . o — &
. My = Py (L~ a) /-" Ag x fy (d - a) cmem—me——e==(19)

. . 2 . 2 . o
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5.3 COMMENTS ON PRESENT METHODS

i "

. The working stress.method which is based on concréte bel& theory»ia(

approximate. In reinforced concrete beam design, assumes a homogenous,
co

continuous section following the beam theory i.e., plane sections

remaining blane;“ In pracéiceg?be discoqginuity occurs at the base plate.’ 5
’ a) The change from embedded bolt to free bolt. A B o
b) The change from concrete in bending comﬁfession to a smaller area
‘ in bearing é;ﬁpression. ‘
c) Some loads d;e to initial tension in bolt and levelling nuts,
/ éhimming. Thereforéustressea‘in concrete at some dis;hnce from |
the base plate may be true, are not essentially true at the base
: plate. ’
The important factor is thg location of centroid éf’the cbﬁpreésion area
depends qpoh‘the relative étiffness of the plhte and ‘its assembly parts.
_ According to oneisf research reports on @oment resistant concrete
-anchorageéjby Machony and ﬁurdette, The Uﬁiveréity of Tennessee, see Fig.
- . ,
}0.0 shows that top of Llndward anchor bolts are always %g tension and
bottom anchors are slightly stressed provided the base plafe is , .

flekible: The force in top anchors was approximated byAasshming a

distance say K between the anchors and the compressive force C where

P
'

-+ 'K was taken as the distance from the top anchors to the point at~which
. - . L ‘
the concrete surface and the plate made first contact see Fig. 10.0.
\;herefore tensile force in the top anchors could be calculated.

T = PXxe ,‘where 2 is constant
‘ 2xK , : ) :

from the fact that there ,are two boltslip tension. It is noted by the -

formula thaﬁ a greater value of K wofild decrease thé stress in the top

[ 2
i

e,
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anébor bolts but there are two major parameters which effect the value of
K, the plate thickness and the magnitude qf thé load. A thick plate
would not bend readily, the whole\anchorage would tend to rotate about
the bottom edge of the base él@te, sée Fig. 10. 1If a thin plate were
used, the.bending resistance would be very small and plate would tend to
rotate about a point very near the bottom edge of the column section. As
the increase in load would cause the plate to roX%ate more, therefore
contact point between the plate and the concret;kiéh;d move downward
iécreasing value of K, resulting increase in moment ;apacity of the
anchorage. F%he other way of increasing thé anchorage stiffness is by

i . i
prestressing the anchors by tightening the nuts to a knowa level. Since

- the columns are welded to the base plate, the part of prestress will be

lost due to plate bowing induced by welding.

It was found thzt by varying the pl;ke thickne;s would directly vary
énchorage stiffness. Furthermége plate thickness should not be
overmAdtched with anchors. Since the location of the centroid of the
éompression area of cohcrete depend upon the relative stiffness of the
components of the base plate assembly, a thin unstiffened plate méy move
the resulkané compression close to the face of the column giange whereas
thé thick plate moves the rotation to the‘ngé of the élate.

Basically we know the location of‘ecéentric applied load P at an
equivalent distance "e". The upwara compressiom on concrete whose
magnitude and location is unknown and usuall} assumed or calculated bx
beam analogy ﬁethod. The tension force in the bolt is unknown whereas

the location of the bolts i1s known. By using some method location of

compression is found and then the tension in the anchor bolts.

- "o
»
! '
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By studying all these behaviours of plate and assembly parts a.rapid

solution can be obtained without the use of cubic equation or charts and

other complex methods,

5.3.1 PROPOSED SOLUTION (APPROXIMATE) ’ .

Firs; ;f all, judgement should be applied in selection of base plate
thickness) stiffness initial tension, double nuts, grouting, shimming and
washers. A reasona?le thickness of plate shall be selected. fgsume
center to center distance between the bolts and calculate appro*ipg}e-
tension bolt including some effect zf.axial load, so that the length of'
the plate can be fixed. Assume one third or less of length of plate ;s

distance "x" for triangular pressure, Assuﬁe:the allowable bearing

stress, calculate the width of piate‘"B", summation of vertical forces

' .
equal to zero. -

\

Calculate thickness of plate see Chapter 6.0 solved examples by'this
method. Thus a reasonable assuﬁption for the lbcation Qay be madé.
without little effect on the anchor bolt tension unless the plate is yery1
small.

Workihg stress method gives a reasonable factorlof'safety in the ~
vicinity of 2.0. Therefore working stress is appropriate sincg low
stresses produce low moment-rotation. ' .

5.3.2 Similarly 1n ultimate strengths method bolt is ylelding and
that the nonlinear bearing stress ‘distribution at failure can be replaced
by ‘an equivalent rectangular stress block. This, however, neglects ﬁhe
favorable influence of cpnfi;;meng-which exlsts in the base plates

positioned on concrete foundation of greater area.

[




- more closely models the actual behaviour and since it reflects the trend

 distribution of bearing forces, see Fig. 9(e) however, the center of
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S

1 According to Dewolf and Sarisley prefer the ultimate method since it

"today towards limit design. . - ' ‘ ) /

H
tee

5.3.3 Another approach is to assume the traingular pressure

o e ke oS Skt s =

gravity of the triangle or concentrated force represeuting the triangle
is assumed Eﬁhbe fixed at the polnt coinciding with concentrated .
compressing force of the column flange. From the assumptiom,.the

overhang of the bearing plate i.e., distance from the column flange to ¢

the plate's outer edge is seen to equal 1/3 of the effective bearing Q*\:\

length.

/
5.4 ANCHORAGE REQUIREMENTS

5.4.1 EMBEDMENT ) . )

e i ki St e =

Embedment 1s, in fact the key to anéhdragé design. The factors which'
can affect the ultimate strenéth of the anchor bolt are embedment length,.
the devélopment of full or partial cone (shear) whicb depends on anochor
spacing, £oundary conditions, concrete shear strength, and shear
?riction. .Anchorage system shall be designed such that its capacity
shall not exceed that of the embedded part and further concréte capacity .

4

surrounding the anchorage itself shall not exceed that of ‘the embedded

part.

A full shear cone 1s assumed to exist if the adjacent anchor center‘

lines are at least a distance o{ (2Le + dh) from the center line of the }

anchor shear cone or 1if not edge boundaries are closer to the cone than
\

. (Leg + dh) where Lg 1s the embedment length and dh is the head diameter
2 " : '

\ ) vy
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of the anchor. If the loaded bolts are closer than twice embedment depth’ .

than the overlapping area of the radiating stress cones also loses area

which should be compensated for by incféhsing embedment depth to assure
full .tensile strengths development. The peripheral shear as described in
the building code is same as the net reéisting tensile stress area
prescribed by a 45° degree line radiating from the edges of the loaded

area to the bottom surface of the slab or footing. Breen found that

. bolts without end anénorage develop the capacity in bond through friction

and adherence before pulling out. The inclusion of the end anchorage

completely changes the load capacity, although at the expense of much

slips. Bgéen suggested for Ay (33 k.s.i. yleld) can be fulL& developed
. /

with a 15 diameter embedment length and a standard nut anchor in all bolt

sizes.

Anchor bolts that are not quenched and tempered and one in:R\ug\}ess
in diameter may be hooked Qo increase their pullout resistance, P.C:Il
research shows that hooked adnchor bolts fail by sgraigﬁceni;g and pulling
out of the copcrefe. This failure is precipitated by a localized bearing .

failure on the hook.

5.4.2 TENSION

Embédment can be assured by equating the tensile strength of anchors
to the pullout cone strength of the concrete using a uniform tenmsile
strength of 4 b JE:Tﬂacting on a projected area confined within limits of
aptetseccing cones radiating from the heads of the bolt at the base of

the anchorage.
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FULL CONCRETE SHEAR-CONE .

Figure 11.0 shows headed anchors or threaded rqdé with nuts and washers
fail Sy a concret;a mode. _The-effective area shall be limited b;'
over;appgng stress- cones, 'by the intersection of the cones with concrete
- surface, by the bearing area of anchor heads and by overall thickness ,of
/ concrete, see Fig. 12 and 13. Using ACI (349-78), ¢ factor shall be
tal'cen: as 0.6§ for an embedded anchox; head unless anchor head is beyond
the far f‘ace’.’ of reinforcement in such case, 0.85 may be used. _
Tensile strength in concrete (full cone)
Pyc' -4¢\j'foA°xc --------- (20)
‘ Ay = Surface area or mSj (R+r)or 2x lg x (lg +dp)
C = CoK&gWr concrete type
For normal wt C = 1.0
Light wt concrete C = 0.75
Sand. light wt concrete C = 0.85
Tlie expression may be ;e‘stated :ag in Leigh's; repbrt:
Pye' = 0.475C (Le + dh)\l_ﬁ'— in kips

. ‘ Pye'! = Ultimate full concrete shear come 'streng‘th per bolt

i
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( ' . 5.4.2.1 LOAD TRANSFER co .

' I'oad trapsfer from steel to concrete shall be accomplished by one of

.

the following:

(a) Minimum gross area of anchor head (including area of. the tensile
stress component) equal to at le;st 2.5 times the tensile stress area of
this tensile member of anéhorage. To prevent failure due to latera'lj
bursting forces at an an-chor bead, the side cover distance "m” shall not

v be less than

) ) m = D [f : (21)
' 56:|fc' ‘

4

where
’ D = the nominal diameter of the’threaded anchor.

fut = the minimum specified tensile strength
’ ' [}
(b) Deformed reinforcing bars in accordance CSA with requirements of

. " Clause 9.1

5.4.2.2. TENSILE CAPACITY OF STEEL

1

The required strength Pus' for embedments shall be based on a maximum

gteel stress of 6 fy

~ | - ¢ - 0.9 , ;o
) | fy = nminimum yield point of SC9él i
: Pus' = ¢ x fy x 4g -----'-----_--(22) / o
AQ"- Tensile ;tress area of bolt /‘
. .. .— Pus'l = Ultimate tensile capacity of bolt ' /
- /
. . <
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5.4.2,3 DEVELOPMENT OF REINFORCING BARS

In addition to making sure‘that ‘t:he anchor bolt is sufficie;atiy'
anchored in T:he concrete, the steel reinforcing in the foundation system
must be positioned and detailed to provide suita’ble development len\gth,l
see Fig 14 (a).

3 "’l‘he“reinforcing must be developed in accordance CSA or ACL (318-7.7.)‘
requirements, If the reinforc?ing bar )is not positic\med against the
anchor bolbt then the development lengths i.d should be measured from the
intersection of the bar and assumed conicad failure surface. The&
capacities Of anchor bolt (tensile) can be obtained ftom A.I.S.C. o
allowable scresyses Table 1.5.2.1 of A.I.S.C. Manual.' The pullout
Capaciﬁy of Concrete from PCI design Handbook for he;lded anchor or check
bond and bearing for hodked anchor bolts. ' , ~

5.4,3 SHEAR

For gmall embedment lengths, an anchor bolt loaded in shear will fail
by pulling out of t‘.l"xes concrete leaving at‘cone shaped hole .' ‘'This mode of
failure is very similar te that observed fof bolts in Cension.. To -
develop itf;a full resistance in shear,’an anchor bolt must be embedded
sufficiently to preclude the type of tensile pullout failure. Some,

¥
procedure calcu}ate the steel shearing resistance as the anchor's cross

sectional area times the ultimate tensile strength of the steel. Another

procedure calculates the steel shearing resistance.using the shear
friction .concept. The summary of those procedures with reference is as

shown 1n Table.l. o o

e N PR . v 4 TR P
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Aéco;ding to Klingner's approach of Rtfergnceét35, 1, 8 {3 more ragionai

~ : ( ) W
- —ylnsofar as'it is  based on experimentally observed failure.

¢

. For apchors/élose'tora free edge three procedures shown in'Table 1,

Re@srenceé 35, 1, 8 idealize the“concrete fallure surface as -a semicone
S

whose height 1s approximately equal to the edge distance and whose sides

have .an inclinatign a,

1]

One procedure uses a variable, while the other

two -take equal to 45°., The concrete tensile strength is 4 \{fc' and :

acgipg‘perpquiculag to this semiconical failure surface. The design |

»

strengti of ﬁhcﬁors in shear with large edge distance will usually be-
.- . .

govefned by steel capacity. The ACI 349 equation for concrete resistance

¢ s . ‘ m
S— ' : ) R
Vuc'y = 27 de? Jfe' x % > Ae———tem——=(23)
de \ = edge.distance in inches
. , . o :
\ * . -
Vyc' = ‘ultimate shear capacity per anchor in concrete

?S; = 0.65 (recommendeci)\

5.4.3.1 ,STRENGTH BY STEEL FAILURK
' 4, ) ]
Vo Vus' o miAg (075 fyp) =mmmm—m——mmmm(26)

fut = specified mipimum ultimate tenSile strength, Klinger suggests

- -

that the ultimate”shear strength shall be taken 0.75 times the ninimum

specified tensile stdength of the anchor. &
- s ‘
Vys' = ultimate shear capacity of anchor in steel

1

‘ o=y 0.90
. 5.4.3.2 CRITICAL EDGE DISTANCE ‘ , -
. . Side cover distance for anchof\holt, see Fig. 14 (b)}loaded in shear

towards a free édge shall not be less than

4

£ ’ : -v(23) '

e
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a ‘ '5.4,3.3  AISC CODMENTARY , -
The AISC Commeutary states “"shear at base of a column resisted by
- . - -
bearing of the column base details against anchor bolt is seldom if ever

critical. Even consider the lowest slip coefficient the vertical load on

——" . the column is generally more than’snfficient to result in the transfer of
v o, . N ¢ .
" shear from the column base by frictional resistance, so that anchor bolt

usually experiences only- tensile stress. The above statsyent is true
}br most multistory buildings, In cmée of industrial buldings uplift

forces along with shear forces may exist simultaneously and designer mus!'

|

take care to transfer "shear forces. Thete afe severaleethods for shear
transfer, anchor bolts is one of them.
L Bechuse of the oversize holes in the base plate, under the

L N :
5 ’ ’ applicatian of ?hear two bolts shogiﬂgje considered in bearing. The

A
column under shéar load will slip and/rotate; two bolts can,be consgﬁered
Fg

in bearing, the bolts may not be able to deform gsufficiently so that all

the four bolts could be counted,pﬁon to carry load.
. i { -

. 5.4.3.4 FRICTION - : .

a ~

' ‘ . A rough guide of providing\shear resistance in absence of gravity

‘load dead or live is to pretighteén the anchor bolts and transfer the load
' ‘ ‘ :
. by friction 'based on initial preload in the anchor bolts and a "

Y coefficlent of friction of 0.4 to 0.6 between concrete and steel

-

-

' required to tighten anchor bolt is as follgws: ‘ A ‘

° ' ' Torque = KlPdg e e m e e (26)

‘ , K K3 = 0.2 for @ily thread

¢ ) 5 N ' , . .
Pq = desired pretensions ' &

D dia of bolt ‘ I

allowable shear can\te calculated. A rough gulde to estimate the 'torque

‘

i
i3




'Shown below the calculations

: . ce et
. to fy/2 = 18 k.s.i.

.- , ' , (
. - K == 0-2 J .
" pg =% 0.5 % 36000 x 3.14 (area of 2 f bolt)
3 ‘=56 kips ‘

1 ‘ ’ . i “‘ 1] "’ .'\

" D= "

" Torque = 0.2 x56x2 = 1;9- kip-£ft"
- S VA .
]

7

Depending upon the steel erector, méy only require the described

bolt load. These anchor .bolts are pretensioned by hydraulic jack.

. 5:4.4  COMBINED SHEAR AND TENSLON- ‘-

Full embedment, ‘normal weight“and light weight of\cohcrete, the
.~ - equatlion should satisfy the fol].lowing:r

-« P” )5/3‘.*‘ ( %/'u )5/3

Puc ) Vuc'

<! i @7)

where P, and V- are ultimate applied tension and shear.

. L .
Pyc' and yo' are ultimate concrete capacities in tension and

ghear

f

to tighten a—Z inch diameter A36 anchor bolt
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Pyc” = gge Pye' < 0.85 fyr X Ag [—=—————=:(28)

‘ ( _Pu_) z o+ (Yu ) 2 <1 e (29)
‘ Pyg' Vus '

where P, and V,; are applied load in tension and shear

Pus' and|vu5' are the ultimate steel capacity in-tepsion ’
and‘shear ‘

5.4.5 DEFORMED BARS

Defor?ed bars perform in a; identical)fashion to the headed .-

T \concféte\anchors except that the anchorage is dependént upon development

+ length (bond) rather than an anchor head. The required length

) ‘ 29 =. 0.03 Dy (fy) ——————e(30)
. . . - fe! ‘ o
o ‘ ‘ 0 l
; - D = Diaggf deformed bar ’
T " §y < 60,000 p.s.i. E
. : — » i

. T ,
The preceeding equation shall be multiplied by the quantity

- (2 - 60,000) . \
' f y : 3 \

-




7

Horizontal bars are placed so that more than 12 inches of concrete
are below the bar (top bars only) should have above of 24 multiplied by
1.4. The designation of top bars would apply only for the case wherel

deformed anchors are acting as negative reinforcement. As used in some
< . ' :
connection it is required to have a development length of 2 x %4 as

recommended by P.C.I. ' - e

'5.4.6 FATIGUE

In cases such as trusses for highway signs, bolts are subjected to

.

fatigue loading intension; special prec;utions'must Be taken. Assured
petension in the bolts is important; however, the usual procedure for
tensioning bolts in steél-to-steel joints are inapplié;ble or highly
unreliable in anchor bolt application. Accorging Fisher suggests if the
net tensile stresses are kept to low leveis of (6 to 8 k.s.1.), fatigue\
problems should not happen. If the anchor bolts are not tightened
uniformlynt erefore the uﬁequality may cause fatigue problems. In such.

cases designer shall specify all the anchor bolts be pretensioned to at

\ . 5
least a magnitude which exceeds the applied design load and use of a

@ detail which precludes'réiiance on natural bond. Prying action should be

considered in ten;ile fatigue loads. The important factor of overload,
. 5 . :
' AL
tensile overload can cause yielding of bolt, the loss of initial clamping -

force. T o A . .-

e
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‘stress cone radiating toward the concrete surface,

a 3 ' '
5.4,.7 HEARING

Bearing stresses between the base plate and concrete shall not exceed
0.83 x ¢ x fc' except when the support surface or foundation pedestal is
wider on all sides than the loaded area, the permissible bearing stress

on the loaded area may be multiplied by |Ap but no more than 2 where
N , - Al \

A 1s maximum area of the portion of the supporting surface that is

geometrically similar to and’c¢oncentric with loaded are in in2 or mm2,

Lo

and A] 1s loaded area in in? or mm?2. See CAN 3—A23.3;M77.

'5.4.8 BEARING AND FRICTION TYfE BOLTS

Anchor bolts are assumed to bear agalnst the concrete when shear
occurs. The allowable ;hear values are enlisted in uniform Building Code
1973 edition, section 2.2 (Table 26-G), aésuming 3000‘p.s:1.lconcréte and
continuous inspection. Minimum spacing is 13D gﬁd minimum edge distance
is 6.5D. Such spacing and edge’diatance may bé reduéed to a maximum of
50% provided'that the capacity is reduced lipearly proportional to the

decrease in spacing and edge distance.

In case of friction type of bolt, friction’ between the base pléte and

N

~concrete\is introduced by prestressing the anchor bolts. The amount.pf

‘shear resistance is proportional to effective prestressing force. A

pfestressing‘method should be evaluated to forecast the prestressing load

' on the bolt. . : o T '

<, « -

/5.5 EXPANSION BOLT | o o

The pullout strength of concrete shall be same as in section 5.3.1

' ‘excgpc that the ‘effective érealshall be defined by the projected area of

from the innermost-

i
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'

expansion contact surface between the expansion anchor and dri;l hole.
See Fig. 15.l The minimum edge distance sgall be twice of section
5.4.2.1., The general mode of failure for te4sile loading expansion
anchors is due to slip. Preloading df expansion bolt or anchors is not
practical because of the slip characteristics of these anchorage.

The general failure in shear for group of self drilling anchors is
shell-failure at the bottom of the connecting bolt.

for expansion bolts wfth‘embedment depth of 4 bolt diameter or less,
shear strength is influenced by the pullout strength of concrete even

though failure in single bolt occurs in the bolt. Larger safety factors

*

-shall be used with‘expansion anchors. ‘

=

Any manufacturer's claims which exceed the calculated pullout failure

load as discussed under embedment requirements should be questioned.
N J‘ . ”

The depth which most manufacturers show in their literature for

setting the anchors e.g., cinch anchors appears to be based on the

' dimensions of the units and is a minimum to ensure only that the anchor

units are in the hole. The workmanship is the prime important factor,

If the anchorage is to be in shear, the annular space between the

,concrete and the bolt shall be filled with a rigid material to prevent

bending the bolt.

A single expansion anchor uéed to anchor am attachmen;‘snall be
designed for one half.gf the desigﬁ lmits..

Tests ;hall be conducted by the testing agency other than anchor
manufacturer and shall be certifie& by a professional engineér.

N

\ -

T 2 . o' kg BT 2 T




5.6 INSERTS
This is-nggnd the scope ‘of the Technical Paper. For design
requirement ‘refer to A.C.I. Specification "Nuclear safety structures” and

A.C.I. Sp. 22-10 "Industrial research on connection for precast and

. " *
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- 67 ~ !
CHAPTER - 6

DESIGN EXAMPLES

6.2 PROBLEM NO. 1

Design the base plate and anchorage for a Wl4 x 87 column that is
subjected to axial load of 180-kips and moment of 205 ft-kips.

_—"8olution: (Workiﬁg Stress Method) ’

Assume A-36 steel fy = 36 k.s.i.
Using 4-b91ts see‘Fig. 16.0 . v
Steé 1: Assume c/c of\anchor bolt, bolt will carry the(fﬁll
moment, with 50% axial load to feduce the effect of moment,

1

say 20;'

Apbroximate tension/bolt = 205 x 12 - 0.5 x 180 x 10
. 20 x 2

= 39 k
Assume allowable tensile stress = 20 k.s:i. (dn stress area)

Approiimate area/bolt = 39 = 1.95 sq. in.
‘ 20

Therefore try 2-1 1/2 ﬁ bolts, stress area 2.8l sq. in.

i
PR

Fix length of the base plate L = 27" : AR

[

and width B = 28" '

Step 2: Modular ratfo n = Eg = 29000 = 9.66
. Ee ~3000
e=M = 205x12 =13.6"
P T 180

Using beam anology method as described in section 5.2 and

. . using the equations with three annowu X, T, and—€

x3 + 39x2 + 6 A3 (@ +M X = 6, A5 (a+ Q) xa
' B R . B

©

‘ )
where §0 , n, a and B are shown in Fig,. 9

\

oy . Awbae wn e G e Rl st e

B
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Plus sign will apply when the equivalent load line falls outside the

t
" leeward edge of the base plate, while minus sign will apply when it falls . k// i

within the base plate. The gimple way to solve the above équan;on, plot ;
a few points on a graph.. Let‘x;be equal to some simple whole”ﬁghber for //‘
{ ‘ example 10, 12, 13, etc, and plotting the value and then read the value‘
! of x] on the graph whére curve crosses zero.
! o Let x; =410, 13 - > o ‘ /

*

1000 + 60 + 1407.6 - 3378.24 ' = 910.24

. Say -910 . -
///' . Also x1 =13 ) -
o - 2197 # 101.4 + 1829.88 - 3378.24 = +750'

'Reading the values while plotting values of

X3 -910 and +750 _ - ‘ -
xp = 11.75" |
~ Check when xj = 11.75"
1622.22 + 82.83 + 1656.28 = 3378.24 L .
- ! : © 3361.33 = 3378.24 |
‘-(Close enough)

Tension in bolt T = P(x + 30 ) . . .
- Ja-x o

= 180 (11.75 + 3 x 0.2)
' 3 x 24 - 11.75 °




'
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N

-

= - . , .
s . B © - 69 - P ' 0 b4
. e '
- - 36.{89\1‘- . - . i
o Actual tensile stress = 36.89 ’' o . .
- 2.81 5 : - .
= 13.13 k.s,1 < 20 k.s.1. - )

Allowable bearing stress ='0.35 fc' Ay < 0,75 fe!

b ) VA -
A where A2 18 the area of concrete pier and A] is the Jarea of:the
. base plate, assume Ay = 3
. 5 . Al ' . . . .
- [N . ~ 4 5 E
¥\, Therefore allowable bearing stress = 0.35 i:,3000 \l? . ) ’
' = L8 kes.d. .
. ! . ~-— . , - ° : ) .
~ ,Step 3 ' ‘?
ot Stress in concrete = 2 (P + T) . | ) .«
. B x X : ’ -
See equation (16) oo
) )
. = 2 (180 + 36.89) °,
\ ) _ 28 x 11.75 . -
\ .
. . -
\ o . = 13l k.s.f.<1.8ksde |
, — N ] . . -~ ‘. -,
| Yoo
: V) : . : ; - : . T
- / Step 4 -
.Base Plate Thickness
B __ The critical moment in the base plate is at the center of leeward - =
. _flange or-use C.I.5.C. methpd such that projection = 27 - 0.95 x 14 7 .
C <. 2 :
' = 6.85" .
AN i . .
a /‘ ? .
fo. ’ )
N » %9 s o .
,. .
., ' » 3
] et
b
» L
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\.\ ; .
. ] '
R - a = *
- T
Moment at face of column A
= 0.54 x 6.85% + 1x0.76x 6.85 %2 x 6.85 : k
’ 2 3 5 " o
- f \ ~ s
= 24.55 in-kip/in Sy A
Thickness of plate t = ‘lgy_ b LI , p
. Fo \ o | ) S
. 3 ‘ . , g .
:} ) Fp, = 0.75 x Fy - F) k.s.i: ST ‘ .
. t = 6x 24.55 . S
. 27 ‘ . . . L ) " )
. v 1,
' ' . "1= 2.33" say 2 1/2°
? ) ) y . b
[ , , . '
' s
- (‘ ’ .
| - N\
. . .
I
- ‘ 1 -
/ Use 28" x 2 1/2" % 27" base plate, 4 - 1 1/2 ¢ L
. Anchor bolt see Fig. 16.0 k
cr . Second Method (Ultimate Strexi‘gtm - .
. . = W g R -7
: . Y Al 1 . . " - . '
L « » e () ‘ .
\ C - ‘
y ( ‘ » T ‘ _I=o.85fc" » AR
, \ . Tim £y oo \ o R
~ ‘ N b = ’«'L 23.5" v
] ¢ [ L g ,
' J N \ ~ ~
The precise distribution of stress the support, is unknown. '
. \ (
\ b . /‘ . ‘ .
v Y p ‘ \ . )
I ) ‘ . * '
X ’ .
. ! ‘ ’ he -
» . " - s .
\
>, ‘ oy i
, . % , ) . . - :
* < sie Lornliin s E. ga oo @ F oS : :
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'
'

In this caée stresses zone of cdncrefe'is only a porfidn of:the.
. N o ‘whole support, th;xs local crushing strength Iis raised therefore
' co_nservacive value of 0.85 fc(' is used._'Assumin'é th’e base plate
.a\s calculated above t;y working stress method ana anchor bolts

(27" x 28" x.21/2", 4 - 1 ‘1/2 ¢ bolts) let us find the

" wltimate capacity of the plate. - o T a
RS \ e = M = 205% 12 = 13.66"
' . . P ‘.' 180 : \
using equation (13) a - ) o l o T \ o
. Py = 0.85 x 3 x ax 28 - 2,81 x 36
," . S .where fc' = 3 k.s.l. Area of two bolts = 2.81 sq. in. to )
. ,; ’ (tensile stregs area),' i
a = .0l4 Py +1.41 X
\ ) .
" \ - using equation (19)
. I ' - ~ -
. By x 13.66 - By (13.5 - a) = 101.16 (23.5 - a)
, ~ 2 : Z
. "Substitute the value of a ye get '
4 . \ ‘ & '
N ¢ Py = 472.7 kdps )
| My = 472.7 x 13.66 = 538.18 k-ft.
) . . b ' ' 12 i —
o - a m 014 x 472.7 + 1,41 = 8.02" - :
I | SN , . .
©»T~.Moment at 6.85" projection = 0.85 x 3 x 6.852 = 59.82 K~in/in . ' - -
‘ M My =1 xfyxwl = 1x¥36x2.52 = 56.25K-in/In
. . ’ 4° ' " 4 )
I\ .. \ . i . . « B '/ i"
| R ' My = M
) , , o (0.K.)
I S C SRR v’ {
‘ Sp = 472.7 = 2.62 ’
180 |
[ =3 : - \ f
Therefore safety factor in ultimate design 13 2.6%2. . g
) v ! “‘ ’ \ . }
* A J'\
, . ¢ A N 4 ’ ‘
y ‘.. | . <, i
. | i pa ek — P———y - ot
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. . . . N A
) . =13 - .
| ,

.o N C ' . o

y Simplified Method {Hbfking Stress)

"In this methdd location of centroid of the codpfesqon is importanﬁ. ' -
If the plate 'is too thick the rotation will take place at the edge of
the plate and if the plate’is thin it will take place Under the leeward

colimn flange. Assume the‘;hickngés of plate after calculating the bolt
' .7 . : !

\

sizes. »n . S - . S [
Ser 1. Same as shéwn on page 67
.Thgrefore by 2-1 1/2 Q_boits on ei;her side of thewbage'plahe¢ S
The plate thickness séould be more or less of same thicknesg.

Step 2 Fixing length of base plate L = 27"

7

Ag = 2.81 8q. in. (2 bolts) . L ’ Lt .
T = 2.81 % 20 = 56.2 kips

/~ \ Allovable bearing stress = 0.35 fc' [A;, or 0.6 x fc' | \'f\\\g‘ [“wj
‘ ' Al ’ R —

’
< . -

: - ~ = 0.6 x 3000 = 1.8 k.s.1.
Step 3, Let us asiume* distance x for the triangular pressure

as one third of the length i.e., 27" gay 9 inches.

Compression force = 1 x9 x1.8 x B
. 2 ” o

. B = Width of plate | R . .- .
Summation of vertical forces i.e., V'=0 B
~ ” i

'~ 180 + 56.2 = L x 9 x 1.8 xB ,
. p) ' - .
. v T . .

B = .29.16" . Say 29" ‘ R




!

flange.

Projection = 27 - 14.0 . =

2

Width of.column flange = 14.5" ‘

Dépth of column = 147 .

complex equations.

- 74 -. -

&

", Thickness of ;r.he ‘plég:e, can be calculated at the face of cqlumn—‘

N “
~

\

6.5" o .— :

\ T . ’
il

\_ﬁearing p:"essute under the face of column = '1—5—8' x 2.5 =0.5 k.ﬂs.'.‘i\'.‘ .
Mi,O.Sxé_._S_z_.+£xl‘.3x'6.5‘:‘:£x6.5 | ‘ ,._';.1
x 2 2 "3 A
= -.28.86 in-kip/im;.'h“ . "
| Thickmess of plate t = 6 xM =  6x 28.86 :
o ', = 2.53* 'say 2.1/2" / \
'.Tne'r"efore’ 27" x 2\1/2"_x 29" base pl;te; 4 - ];\1/2~$ anchor. i
| bolt can be used. - . ~ ]
‘From thes abéve niethqd' appiying a reaéonaple Jjudgement, base -\p;ate '
thiclk“ﬁess and anchor bolts ;an'be calculated’ without 1§ivolving\

1

. - , - s, .

-« ' . . .
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PROBLEM NO. 2 - o ‘

) -

.

» 5 ‘ r ,
Determine the Qullout capacity and shear capacity of 1" anchor bolt,

’ .

~  (as shown in the figure below) with embedment length of 12D, edge

/distance of 6.5D. Use A—36 steel bolt Fy-36 k s.1. conctete fc! .= 3000 .

p.s.1. ‘Calculate anchor plate gize and thickness for the anchor bolt.

.

ANCHORAGE DESIGN e

L : ) _ Flg. 17

N . Solution:,
1 ' i

' Given data

. K " Ag =} Gross area of bolt = 0.79 sq. 1in.

U . Ag = Stress area of bolt = 0.606 sq. i,
N . . '
TN " Fy = 36 k.s.i.
- . _ Fc' = 3000-p.s.1i.
| — ;- ,
\ Tensile capacity‘of bolt in concreie , : R t *

' ’ . Pge' = 4 ? dfc X Apxc (see section 5.4.2) ) ) \f

¢ = 1.0 for normal wt concrete
} ¢' = 0,65 , TS
t . N
‘ Ap = Concrete cone surface area
vyt ' ' N ) .
R \ : : - =m8y (R+T) BN ’
’ r
o
*
* oty TR Ay vt and S IR . Y B et kel S Ly B e u e e
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S = 2 x (6.5" - 1.75") where R mdg = 6.5 S

= 6.71 - r = 3.5
. 2 ~:

Ay = 3.16 x 6.71 (6:5 + 1.75)
"= 168.74 sq. in.
1Ultimate séréggth\in tension
Puc' = 4 x 0.85 \[3000 .x,l68.74 .
C e a2 kdps o

-

afenaile capacity of steel (see section 5.4.2.2)
"Pyg '™ ¢ x fy x Ag
R $ = 0.9 . o .

* 0.9 x 36 x 0.606

19.63 kips.(gdverns) . ' '

4

i .
Hence ultimate capacity of 1" ¢ bolt in tension is 19.63 kips or

~mservice loaa capacity = 19,63 = 11.54 kips (assume 1.7
. ‘ : 1.7 "

®

~ "as live load factor)

Shear Capacity of Bolt

., Shear capacity of concrete .
. Veu 2T de2 ch' x ¢ . (see section.5.4.3)
b = 0.7 :

= 2 x 6.5 13000 x 0.7

= 10.17 kips

Shear capacity of steel (see table -1)

.© S '

= Ag X y Ci = 1.5°
C3 ¢

Ve mwms soe




st

Vou " Ay x £ B o

= 0.606 x 36 = 14,54 kips
1.5
Therefore the shear capacity of bolt is 10.17 kips (ultimate)

r

Service load capacity = 10.17 = 5, 98 kips ‘
1.7 ‘

Anchor plate size

*  Ulitamte bearing capacity = 0.85 f¢' x 0

3

= (0,85 x 3000 x 037
= 1,8 k.s.1.

. Area required for plate = 19,63

. - = 10.9 sq. fP
where 13, .63 kips is tensile capacity of bolt
Use 3 1/2 x 3 1/2" plate, so that

My = 1.6 x ‘(3 .5)2 = 4,90 in-kip
2 .

. . ’
- K9

Where 1.6 k.s.1i. is the actual bearing pressure

-

MR = 0.9 x fy x_ﬁ?
: ) 4

t2 = 4 % 4.90 ; S

- 0.9 x 36

t = 0.77 " Say 3/4" thick o | . K
Therefore provide 3 1/2" (x 3 1/2° -x 3/4" anchor plate for

1" b anchor bolt. .

}g.

o SRy ARk WP U S 3 % s O 4 o ! Ol LTty ” e s
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Chapter - 7 -
[ o o

MISCELLANEOUS ANCHORAGES . ‘ e

~

.

7.1 MACHINE FOUNDATION ANCHORAGE

7.1.1 BASE AND SOLE PLATES

The rotatihg machines_ produce dynamic and vibratory effects such that
the machines be rigidly connected to’~ their foundations ./‘“S)teel base
plates c;r frames are used 1;1 most of the machines and in addition

embedded anchor bolts to malntain the 'stability and machine alignment.

"Holes in the base plates are wider to accommodate decessary construction

clearance between the anchor bolt and the base plates. This can create
large movements of the machine before the anchor bolt engages the base
plates. .
Rotating and reciprocating macl;ines can cause large shears and '

vibrations require the movement to be restricted. ‘Sh‘ear lugs and anchors
are welded~-to foundation plate énd this éougdation 1s cast with
foundation plar.t;_»and roughly lev*le:i (+ 3/87) once the concrete is set
another plate on top of the foundation‘plate being accurately levelled
and weldéd to the foundation plate, see Fig. 18(a). Attached shear lugs

and anchors directly in concrete provides shear resétance.

Another detail shown in Fig. 18(b) is for foundation’ plate, can be
' ‘ e

g e
used for machine with large horizontal she;fs with embedded anchor bolts
/

futonce
with sufficient embedment length, edge distance and spacing. The

. fdundation plate with welded shear lugs is accurately levelled in the

recess provided in concrete foundation and is dry packed with nonshrink
grout under and around the foundation plate and shear lugs.
For less severe vibra/tion and gshear' loading shear lugs are not

required and deta/ﬂ’ 19(b) can be used. A small recess in concrete will

| - @
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clinch the grout in place in case it cracks.

To reduce the shear from the machine to the foundation plate without
the piate slippage required to engage the anchor bolts, a structural '
angle with stiffness may be bolted to machine _frame and welded to
foundation plate, see Fig. 19(§).

See detail 19(c) sub-sole plate is set on grout. The grout for

sub-gole plate shgll be made off the highest grade material aund

workmanship.

7.1.2 ANCHOR BOLTS *

“

Various types of anchor bolt are shown in the Fig. 20, sleeves are
-

provided for ad justment. If sleeves are not provided them the bolt Dust
be positioned with a template. For large anchor holts are -usually stud

bolts with square nuts, see Fig:. 20(b,c). Closely spaced anchor bolts

shall have a common anchor plate. \ - ;

The detail is applicable, see Fig. 20¢a) when the anchor.bolts can be

inserted from above, accessible handholes are provided in the concrete
% . .

foundation with threaded stud bolts.’
- \
To reduce the shrinkage cracks in’ the vertical faces of concrete

steel templates should be used in case o\f large machines.
The lower ends of the anchor bolts afé tied with wire to the .
. - .
Jeinforcement to prevent movement. : ®
{.‘\The embedded and grouted anchor bolts are usually used in the machine
foundations. Inserts and expansion anchors are ot recommended for large
vibrating mahcines, unless listed an(d gertified.

’ .
Embedded pipe sleeves and anchor bolts tend to cause phases of . '

L

weakness, especlally if two or more are, togethe'rw This 18 serious in

g /
Tmap—— -
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case of machinery where the shoskh cause a bearing of the bolt against
) 4

- . —_—— PR TP \__l —_
concrete. Therefore either proper edge diStance should be’ provided or T
the area around the sleeve is\confined by using "hairpin rods. . o

\\

. . - . / . I '
7.2 MASSIVE FOUNDATION ANCHORAGE ~ - Ce
) To anchor dome‘andﬂspillways, high strength wires—are pleee& in a = L. N

~. . /

I
© s .

cored hole: A groutygs'poured, when the grout has gainedrstrenéth the

/.

unit is post“tensiomned, see Fig, 21(5). In this case forle is
trarsmitted through tension in the tendons and .fransferred to the R

concrete plug\through bond between, tendons and concrete,

\

- The deptn of.éne plug must be assumed greater than that which should
bé required for safe\enchorage of tﬁe plug. :The‘ano;her'suggested detail

seg Fig. 21(b), prestressiﬁg is also transmitted chrough tension in

[ \ -

'tendon but this force is anchored to the plug by compression. The plug

g ‘4 ot

acting in compression transmits stress through shear to the’cored hole.

Since bond value is not known which is also in Fig. 21(a), no ;ddixional.
leogth of the plug is provided to account éor tendoa bound rransfera
i to. ; - : o, -
7.3 ANCHOR BOLT PROBLEMS IN THE FIELD | i o
Material handling people ueuplly comolain aboor rhe obstrﬁctio;’and
L] ' [V

. . }. ' N
interferences due to the projections protruding out of the slabs. They .

- are psually'ght off the line. The bolts are haagered to bend or even .

“o

burned to fit them into the\holes. " Some details are presented by various

\ . - . :

pebple are shown for reference, see Fig 22(a to f). -
) .

a)( Outcase of required length from any standard pipe, threadad inside

« o, A S

case for anchor bolt in standard length. The bali-joint socket

assures a slight rotation.
y v ’ °

- u
.
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) . .Chapter - 8 Co -
I _CONCLUSION :
. - . .
v "Experience 1s.a‘trophy composed @f all the arms with which we have

been wounded" said Costa de Rels. Reliability,lecoﬂomy, and simplicity

o

are always the prime leaders of consideration whether an anchorage

-

.requires a thousand cubic meters of concrete, large anchor bolts or a
‘ ' ' -~

sffall base pldte connection. When providing an anchorage, good or bad,

cost has only a nominal effect on the overall construction. Simplicity’

«

1s an understanding that is directness bvf expression and'restraint-in

- N

ornamentation the final concept of the connectdion to perform.-

. -

Whether a small stub or a machine foun&ation, the anch6¥age must be -

N N

‘adequate to do the tagk assigned. Therefore a clbar‘understanding of

éﬂis task 1s of' utmost importande. . e vt | .
Reliability means performance and an added assurance against fatigue,

corrosion and othét time dependent effects. Quality, which is difficult

to define,k in each anchorage is workmanship. The most sophisticatéq or

4 - .
the highest does not necessarily mean quality. The client's requirements

alyays form the foundation of quality. In particular, quality is the

.

ma jor responsibility of those who~are closest to the Engineerigé and
_Co&struction opefations. ’
Problems'often occur because of lack of coordination between tr;des._
This is often lack of\coémunicatid% and mutual understanding .of the
p;rmissible limits is misalignment for the two componenté connected.

Every now'and then, in Spite of all the codes and .factors of safet} o

provided pewdpaper clippingéﬂ;ecord some catastrophic happening //




o

. R . “ "
. M . .

,SOmEWhere in the world., Structurds have collapsed in the pgst, and.eve;a

with highly improved: technology they will probably continue 'to do so. ’

Bit today science is~ trying to build up thc;ir ,fai],—safé rmture where
. : 1

[total collapse is prevented or sufficient warning is given.
[l 15\
. Base plate esign with concentric loads by A.I. S C. or'C.1.S. c.

¥

" method as explained in the Handbook and Chapter Six is donservative -and

gives sufficient factor\ of safety. 1In some cases, however, under heavy

- N - -
lateral loads due to earthquake or blast, rotation of base plate can

cause high stres‘s;s in the frame which may not be the part of original

»

design. Judgement should be applied studying carefully the anchorage
between foundation and 80il to keip such risk 1ow.,l~ It is wise to use low

stresses for the design of anchor bolts. The force‘s under the base °p1ate
- - . ' .

are complex. * Sirice discontinuity does occur at tle base plate and . s

concrete as discussed earlier in a previous chapter, the use of Beam
e

o

Agalggy method while approximate gives a fait anfqunt of safety. Ultimate

J method is a more realistic analysis, however, it does neglect the -

'S

influence of confinmement which exists’ in the base plates on. foundations

of bigger area. Moment rotation analysis should be verified under these ~
13

~ ] * 3
. .

conditions.

The propodsed method is simple and can provide' a rekiable anchorage.
The concrete stress 1s quite sensit:ive to the location of resultant
co_mpression, de.pending‘ upon the load and, thickness qf pl‘ate, therefore
keeping in mind the c;omplexity of stress to refine the lgcation 'is
'misleading. o 7 . /

The other most important key element that anchorage has is proper

embedment. When the, requirements for embedment are nmet, aiw

¢ ——

distances and spacing between the anchors, the failure is restricted

3

'
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to the material strength. . ~ -
) [ .
Embedment can be assured by equating the pullout cone strength of the

€ Y

- concrete to the tensile strength of - the anchors using a uniform concrete

tensile stress of 4 ¢ \Ifc' ‘acting on a Projected area confined within the

-
limits of intersecting cones radiating from the heads of bolts at the

~

base of the anchorage. A reduction in cqﬁacity of the anqimr should be, - '

agssumed in case whep an anchor 1s‘1ocated near a, free edge or if the
spacing of anchors is less than as indicated +in section 5.4.1. It has
« ' been suggested that this capacity is in proportion to the reduction of ° .o

the sucface area of the cone. ‘ ) . ‘ {

'

The shear st\rgngth of anchorage depends upon the 'str‘eng{:h of the bolt . o

and the method of attachment. When the anchors are loaded in shear
. ) ) ) v
towards a-free edge, their shear capacitﬁj may also be dffected, . .o

. N - x
® Under combined loading of tension and shear, basic failure modes

. ~ ' .
are: failure of the stud anchor, severe concrete cracking and concrete

cone puilout. Anchor bolts with square or round wgldeci plate or held

a

.t o

with nuts are recommended. ) s . )
Anchor-bolt strength in combined shear and tension will be controlled

- \.

either b;; the bolt material in combined ghear and tension or by the -
concrete under combined shear tension. To check the combined stresses in

t;he bolt material, A.I1.S5.C. interaction equations are to be used. The

:P.C.I. Handbook contains procedures determining the concrete strengths.

N
-

The Engineer should be careful when working with concrete strength Ny -
equations, aince they are always written in ultimate strengtl';s terms.

Bolts grouted into. drilled holes (with rougheneci sides) provide the
) . . ’ .

same anchorage strength as in cast-in-place anchors. Length and factors




R RN

used,wit,h\ expansion boigs to limit the deflection. {

R T T T .] . R TR Y
. ot

. : T .-

are included in the design. - ° | Ce L

The general mode of faiilure of ~eipansion bolts is-anchor slip.

Workmanship is one of ths; most imporqant fagt:%ts in 'expansio'n bolts.

i

Expansion bolts usually are not regomﬂxe'nded for heavy vibratory

machides. If used, these bolts should be tésted by the proper agency and

. . ‘ . .
verified by qualified professionals. A larger safety factor shoulg be
’ i)

For expansion dnchors with embedment of 4 bolt diameter or Yess,
shear strength is 1nfluencedﬁby the pullout strength of cc‘Sncretg even

though failure in single bolt tests occurs in the bolt.

i vo8

»

further verified with dynamié\ analysis. The use of specific details

shown. here 4s not mandatory.. \\Anchor bolts should be further verified to

RN K
provide strength and rigidity t? handle field detail complaints.

b 4
‘

A}

. "
’ . . * -
, .
o, b . v
. .
Fawn ks 2 TR e et NP TORII NS R S R L S
.
¢ N v . o, -

The recommended details of anchorage for machine foundation should be "

R}
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