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STATIC, DYNAMIC AND RELAXATION TESTING OF EXPANSION ANCHORS

IN RESPONSE TC NRC IE BULLETIN 79-02

1.0 Introduction

1.

1

Background .

On March 8, 1979, the !'. §. Nuclear hegulatory Compission's,
Office of Inspection and Enforcement issued I. E. Bulletin
79-02 entitled, "Pipe Support Base Plate Designe Using Con-
crete Expansion Anchor Bolts". Subsequently, Revision 1 of
the bulletin was issued on June 21, 1979, Supplement 1 to
Revision | was issued on August 20, 1979 and Revision 2 to the

bulletin was issued on November 8, 1973.

The bulletin required a response from holders of operating
licenses and holders of construction permits for power re-
actor facilities. The response was to include consideration
of the effect of base plate flexibility on calculated expan-
gion anchor loads; verification that all expansion anchors
have a factor ' safety of four or five (for wedge and shell
type anchors respectively) as compared with manufacturer's
recommended values for cltimate anchér capacities; a descrip~
tion of design requirements for expanesion anchors subjected
to cyclic loads; and verification by documentation that such

design requirements have been met.



1.2

Purpose of Test Program

The purpose of the test program was to supplement the prev-
ious responses which had referred to these tests. The spec-
ific items addressed by these tests are the ultimate static
capacities of various types of expansion anchors, load-
displacement relationships for these anchors, behavior of ex-
pansion anchors subjected to simulated seismic events and
other cyclic loads, base plate flexibility and its effect on
anchor loads, and the phenomenon of relaxation (loss of
anchor preload) with time. An overview of (he test program is

shown in Table 1.1.
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The load was applied with a motorized hydraulic pump and was
measured with a load cell mounted coaxially with the tension
loading rod. The anchor displacement was measured with two

linear variable differential transformers (LVDT's).

Procedure

The expansion anchors were installed according to the anchor
manufacturer's instructions. Tne test data, which consisted
of the applied load and anchor displacement, was electron=
ically recorded. A load-displacement curve was plotted con-
currently with the tests. The embedment depth, installation
torque, testing torque, if any, the embedment material, the
compressive strength when the test was conducted, and the
mode of failure were recorded for ?ach test. Any out-of-

plumbnecs in the anchor installation was also recorded.

Test resuits

The ultimate tensile capacity for expansion anchors is shown
in Figure 2.2 through 2.7. Each figure represents the re-
sults of testing a particular bolt size. Beneath each
strength bar, the numbar of tests, the embedment depth, the
embedment material, and the anchor manufacturer are listed.
A discussion of anchor behavior based on the various anchor

parameters follows:
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load is the same for both test series and there fore the
ultimate anchor capacity is unaffected by the magnitude

of ‘he installatiou torque.

The magnitude of the installation torque is seen to
affect the initial portion of the load-displacement
curve. At small displacement magnitudes, the curve for
che higher installation torque appears to have a much
higher proportional limit. The displacement at the max-
imum load also is observed to decrease slightly as the

installation torque is doubled.

As the installation torque is increased, the load at
which first sigrificant additional displacement occurs
should also increase. This fact can be verified by

comparing Figures 2.9 and 2.10.
Testing Torque

Part of the total tension force existing in an anchor
bolt during its service life is due to the tension in-
troduced during installation. However, it is known that

the initial anchor tension relaxes with time.

The testing program investigated the influence of anchor
tension existing prior to the tension pullout test for

wedge type anchors. These anchor types were installed



using torque control. Control of the bolt tencion after
installation was by application of a "testing torque".
Of the test series conducted, a majority have been test-
ed with a testing torque of zero. A zero test torque
means the nut on the !nchor is finger-tight. 1In cases
where a testing torque greater than zero was applied to
the anchor immediately before the tension pullout test,
the torque magnitude was typically 50 to 60 percent of

the installation torque.

Anchor load versus displacement curves, where the teast-
ing torque was varied, are shown in Figure 2.11. It is
noted that no significant differences in gross behavior
exist. The mean maximum load of the anchor appears to be
insignificantly affected by a variation of the preload

in the anchor.

To understand the effect of testing torque, the initial
portions of the load displacement curves of Figure 2.11!
are plotted on a magnified scale in Figure 2.12. It
indicates that the anchor preload does affect the load
displacement curve and the fashion in which the anchor
tension increases as the applied load increases. By
examining Figure 2.12, several effects can be attributed

to anchor preload.
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The most obvious effect is the manner ic which the
anchor initially carries an externally applied load.
Anchors that were preloaded did not show displacement
until the applied load exceeded the apparent anchor
initial tension. Once the initial tension was exceeded,
the behavior appears to be identical to that shown for

the zero iaitial preload case.

poth load displacement curves drawn in Figure 2.12 could
be represented by a bilinear approximation The first
ma jor departure from linearity appears at about 2000
lbs, the load corresponding to the anchor pretension.
The first departure from linearity is, therefore, assoc-
iated with additional displacements after the anchor
load exceeds the anchor pretension.

Concrete Strength

The behavior op e z,on anchors embedded in var-
ious strengths of concrete was investigated in this pro-
gram. The load displacement behaviors of wedge anchors
embedded in two different concrete strer :ths are shown
in Figure 2-13. The measured pullout capacity of the
anchor in the higuer strength concrete is greatet.
Other characteristics of the load displacement curve do
not appear to be affected by a change in the concrete

compressive strength.
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in Pigure 2.18 and also fail by excessive displacement.
The self-drilling anchors were also frequently observed
*to pull out rather than to form a conical rupture cone
dictated by the tensile capacity of the embedding mater-

ial.

Sleeve Type Anchors

A sleeve type anchor is shown in Figure 2.14. The ulti-
mate strength values of tension tests on sleeve type
anchors are included in Figures 2.3 through 2.5

Figure 2.15 shows a typical load-displacement plot for
sleeve type anchors. The behavicr of sleeve tj;ne
anchors is essentially similer to that of wedge type
anchors; thus, the discussion on variation of embedment
depth, installation torque, and concrete strength

applies to sleeve type anchors.

Self-Drilling and Drop-In Anchors

Self-drilling and drop-in type anchors are shown in
Figure 2.14. The behavior of these anchor types is¢
generally less ductile and more brittle in nature than
the wedge or sleeve anchor. Brittle behavi.~ is defined
as a failure that occurs abruptly with little warning or
at small, less visible, displacements. Load transfer to

the embedding material for the self-drilling and drop-in

-0+



anchors 1s accomplished by wedging > shell against

embedd1in material. The load

separate len which 1s thread:s

bolt 1is

tem tha

isplacement characteristi

L

rzp" drop-ir




Anchored




2

3

3

of 2525 psi. A Type N mortar with a specified minimum 28-day
compressive strength of 700 psi was used. The success of the
tests using Type N mortar, negated the necessity to test

anchors embedded in Type M mortar.

An electronically uontrolleé servo-hydraulic ram was used to
apply load to the anchored plate assembly. The ram and cen-
troid of the anchor group were coaxial during each test. Each
anchor was instrumented with a load cell beneath the anchor
nut and a spring loaded linear variable differential trans-
former (LVDT). The LVDT measured anchor movement out of the
embedded medium. A sketch of the test assembly is shown in

Figure 2.19.

Procedure

Embedded depth, installation torque, preload, applied load,
number of cycles, frequency and number of tests to be per-
formed are shown in Table 2.1. Test Type 1 (no preload) was
performed for each series. Test Type 2 (preload) was per-
formed only if the anchor displacement was equal to or great-
er than 1/2" (] diameter displacement) when a test Type l was
completed. Similiarly, tests in mortar and concrete block
using 8D embedded depth anchors were not conducted if the
preceding 4%D embedded anchor tests passed the above dis-
placement criteria. Also tests in Type M mortar were to be
performed only if a test in Type N mortar for a given test

series evidenced an anchor displacement of equal to or

3=
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2.2.4

Results

The results ~f the tests are shown in Table 2.2 and 2.3. The
maximum anchor displacement is the maximum movement that
occurred for all anchors tested in that part cular test ser-
ies and test type. As can be seen, tke anchor displacements
are, for the most part, very small if not negligible. For
anchors embedded in concrete subjected to simulated seismic
loads, 100 anchors were tested (25 plate assemblies). All
exhibited anchor displacements of less than or equal to 1/2
of an anchor diameter (1/2") after five OBE events, and 96
anchors exhibited displacements of less than 1/2 of an anchor
diameter after the SSE loads had been applied (96X of anchors
tested). For ar hors embedded in concrete and subjected to
pipe transient loads, 44 bolts were tested (l! plate
assemblies). Forty anchors exhibited anchor displacements of
less than 1/2 of an anchor diameter (912 of total anchors
tested). For anchors tested on concrete block walls (block
and mortar) subjected to seismic loads, all 28 anchors (8

plate assemblies) showed anchor displacements of less than

1/2 of an anchor diamecer.

The only test requiring preload was L-2, which snowed neglig-
ible movement with the higher test preload (2150 1bs.). In
one D-1 test, two anchors exhibited 0.5 inch displacements
after the simulated SSE load was applied, as can be seen in
Table 2.2. However, because of load attenuation during the

test (due to equipment capaci‘ies) two additional D-1 tests

]9
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2.4.4

recorded as a measure of remaining preload in the anchor. One
anchor for each set of tests performed was tested with a lo~:

cell under the nut or bolt head to establish a torque-tersion

relationship.

The anchors were retorqued at intervals of 1 ‘s, 24
hours, 7 days, l4 days and 28 days after initial instal-
lation. The anchor load and the average anchor torque versus
time were plotted for each set of tests. (Figures 2.23 and

2.24 show typical load and torque plots.)

Results

The results are represented by Figures 2.23 and 2.24. The
loss of preload at the end of 28 days was as little as 13% for
a 3/4" diameter anchor embedded in mortar and as much as 54%
for a 1/2" diameter anchor embedded in concrete. Overall, 1t
appears that less relaxation occurred for anchors embedded in

mortar than for those embedded in concrete.

-22~



con Jsions

Tension Tests on

n single

r understand 2 the anchor
effect of various parameters

noted that prestressing

h

on

testing does not affect he ultimate

behavi

at

Che




anchors ed was generally

preload) which is ecuivalent to

approximately 1/8 of a turm after "har




TABLES AND CHARTS
FOR
CHAPTERS 1 & 2






Tasrr 2 Cont'd
DYNAMIC TESTS IN CONCRETE

--

T ‘ TOTAL TSt
KUMRER IDENTIF ICATION
TVAFDNED NUMBER OF | FREQUENCY or
wAD TYIE OF ANCHOR oEiTit OF INSTALLATION TEST (4) APPLIED ASSEMSLY LOAD cycLes (He) TESTS TSt ¢ 334
N E A TrR DIAVETER ALCIOR TORNE PRELOAD ON & BULT ASSEMPLY CUN'CTED TipE SEALLS
L) (18) (FT-L85) (L5S) (185)
0 + 2635 (a) - Pu/® 28500 (s) 4 2 1
2-1/6 80 + 370 (b) Pu/b 3000 (b) !
Wi 172 7 =
LSRR “ 10 . + 3120 (o' - Pu/8 24500 (a) 4 ! 1 3
+ 10240 (b - Pu/b 3600 (b)
pipe .
TRANS IV 0 + 2633 (a) - Pu/B 28500 (a) & v 3 1 X
R A 12 2-1/4 60 + 5270 (b) - Pu/b 3000 () .
(sLlet?)
N 10 [ + 5120 (a) = Pu/8 18500 (o) . H 1 L
L3R4 4 4 ML SE60e 2150 + 107460 (b) - Pu/jb 3000 () ' F]
+ 4250 (a) = Fu/8 18%00 (a) -
i L R i L + 8500 (b) - Pu/b 3000 (1 & : eiins »
. i

1. Pu, witizate pullout cepacity, (s based on menulecturer's data in 3500 psl concrete.

3. Test v ;e he fovuted by (8), lover test prelosd of the test series and (b), higher test prelosd of the test serles,

3. #S. ety to kel Mesd Manufacturer Catalog nuaber,







*90af 40 sjrned (OS¢ Wi UojATIued TwoTHsd J3 L0, Ts, TR0 jwaal,

- , s s e e e A -2 e
' i
__ _ 400 00 U.;E. TNy e o \ . K Be L7 D) ” 18 ' - ;
— e 1 T N e Ciaca e K
\ 1 0 3 ! H )
_ ° o YOI 23343u0) ° R _ ei1 111 o2t _ by _ z ~
.
_ i = or: Sl ~ : :
| | 40%0 400 41VICRR o Ry ETUR T - v
. ! - L8 R
- i o |
1 JJa2°0 JA1'0 NOOTR ©3939U0) o Mt wny | 2T i 4 4
: . -~ N ” :
_ «10°0 J10°0 a2a3u03 (] Lot ! LT w w2/t ¢ # N
: : S e i e e e i s =
e ERR | i !
i j ¢ ! | .
i R £0°0 93327400 0 ~£0°2 ” shnms LT " ' ‘
g : :
i s i
: 0 0 #3220000 26t N s4TTINd | -/ 2 i z -
: 62°0 J10%0 ; 2I9IIUGY C «% “ SHl i =yt i 1 N a
] '
1 _ H i
\ LAELEE R alGany H
. papeR e A1g wene sug - Lr'o %00 *29030u0) o /12 ditias _ «2/T T ¢ i
.
1 L - '
: CELSY ! | 1 i ! m
LE0 £1% i e _ c M .~ wa o £
' | s PR | !
| 250 fo'o | emsaswed 0 R e A a1 “ v
4
“ i _ == | .
m _ Lot 0% _ 21833009 G LS | 55 £ I 2/t u v Y
o Ny s s p—— 2 e *! T e 2 D abalisil e e - s i (it it =i _———— 4 5 ‘—lllv'l
CUEHE €3N SUATIIN SIINT WD, - ! ! PETEIREE
_ PUNILTA S0 Lok NGIIHY KO GYON Bvad | BEWITIA DTG WOLESVCY (s71) W) (15 I B - e
i Sae _ N3 WIS G%A 355 _ 952 URENY b i VLTI Svoind ..:b.Q | i TS . ) sl
Y 28 I SOIIVIAZS OVOT 310 §) SNOTIVLLS avoT 590 § wuav LN TAGAT .F.u._. &0 12 40 Adi | edA¥ | RS o Pt
L MY FTLAT K dIT5 MOKY g!h BRI NI GT13 WOIMV WIS ¥ W _ g..z_ _ | F¥
- "’"II.I".."I-“. e T e - - —— p— -

.Sﬂsﬁo.& UOTINOTSFAIUPE 2394 303 ¥ oTavE 03 43300
SIINSTE AL 30 AEVKANS
QUIGVOT JDSINS ¥OJ SITHL OTIARD
7' TIENE .,



TASLE 2.3
CYCLYC TESTS FON PIME TRANSIENTS LOADING ' g
SI®2RY OF TEST RESULTS

(Refer to Tabls 2.2.1 for Test Identification Description)

T
MAYTMM ANCIOR SLIP IV IWES
amenpen MAXTMM ANCHOR SLIP IV INCHES 20,900 CYCLIS O PEAX 10AD OF
“pe op pEPTH OF sy BOENCIT ASTER 28,500 CYCLZS OF LOAD o e Apnjog FeLtn ™D 3T . emoars
i - eOAD e i 5 et BBy &S Ml
o - 3 "('; '.;3 "([‘m, | . PRAX LOAY CH ANCHOR 12-1/2% 3,000 CICLES 2 §7AX Avs .32 WD
j- = OF MARUFACTIHER STATIC ULTDMATE | OF Pupagar X 253
REpaeg ropgeees. SRS o i J— . - o = el R ISR SRS e e— el St
| = .
HILTI WEDCS 2-1/%" (] Concrate J.02" ’ 0.03 i |
> . i
- 05" \ 0.13" !
MILTI WEDGE| L) (4] Concrete 0. i . }
H * - ‘ .
AR -5 VO 0 Concrete 0.03" ¢ 0.03" '
s
: . | One assestly exceeled
% | prraars | W 0 [ Concrete o ! 0" .30 ertterta '
3 ! { i
i3 : ; » - :
arong b W 2150 ‘ Concrete 0.02" . o.® !
| ok VE ' - ) z :
| | eore. | z.08 ) I Cconcrete 0.01" X 0.03" | '
{ | prIuLING | | | : H
] v ' : -
l | l
| - ' ,
' | i
i | !
| H
: [ |
§ |
! l
. ! ‘
: |
| i




M

—t

e e e e

s emam—




swely SuIperO] INOTINd UOFEUD] *C *913

e —
wesg UojIdedy ]

p— e e o
4 |
|
| |
_ _
, PN
J_/ N _. -
" / "
L AN — i
| TS — . o Lot | S ——d
J 1
XT3 { ] 101oUu |
uawydadg 3183} QANIXTY (| | Ioyouy |
Sujuoysual -*— | 389 | “
zogouy/ Y M _ m
| fﬁ I |
” -
| |
4 = |
w6501 — g - :
8 |
, ~ |
£ |
= _
.M _ ,
I » W . - [ty )
|
|
|
|
N S D —
e——— S )
|
A4 |
wey dF[NRIPAH " .ﬁ |
ﬂl E o m SR =
{ |
4 | O 1 ‘
1120 ..,_.:T\P H, ER————

e —y— J
Mo pa Gang O9TINeaIPAH

POy uo¥ m:,ﬁw\/\ =




Bﬂl[ Diameter: ‘/l." "

I Range of Test Results

m Mean Capacity

I'hil
masonry wmits 2512 pui

f !/x. in. ¢xp mn anchors




Bolt Diameter: ¥/g " ¢

'I Range of Test Results

“I Mcan Capacity

b &

7000 -
g 6000
§
o
K-
E‘ 5000
vl
3]
L]
O
o 4000 _
&
)~ |
o
—
3 3000 |
[+ %)
o
o]
ol
- .2000 -
(1)
H
1000 _
0
Number of Tests

Embedment
Location/Mortar
Coup.Strength,psi

Manufacturer
Type

* Compressive strenpth of concrete masonmiy units: 2525 pal

13 b 6

6 5 3

L“—'IS/B" '___.‘ 3n4
L B*/N /N J/N C Jim
3600 4Leh 2590 L6S 3600 2745

Pt Hilt1

L.___ Wedge

i"i\‘. v S

——— e - =y

12 18 4

G H

3600 »BOO 2755 2755 3500 4200

[:l'i"l‘—l’h i11
Sleeve

tzi:]

Comparison of ]/u In. expansion anchors

3 5 3
17,

o1 62—°4

C ¢

2620

a1 15
Self —ef’
drilling




Bolt Diameter: 1/," ¢

14000 |
I Range of Test Reauﬂto
12000 . _mﬂean Capacity
4+
10000

8000 J 1“

Tension Pullout Capacity (pounds)

6000 . T

4900 |

2000

0 |
Number of Tests " 8 4 5 8 6 8 14 10 6
"

Embedment r‘ 211 al }‘ 4"
Location/Mortar ¢ C C c B/ Im I/w C c I/m
Comp. sirength, pei 3000 3500 5000 6000 510 2550 660 4000 6000 2830
Manufacturer - Hiled
Type Wedge

* Compressive strength of concrete maisonry units: 2525 psi

Fig., 2.4 Comparinon of l/,. Lo, coxpmnndon anchorn



{ \
s 1ym
14000 | Bolt Diameter: 1/," ¢
? .
E I Range of Test Results
3 12000 J
e ] _[:L Mean Capacity
>
o i
T 10000 - | W
L |
O
~
L&
3 8000 -
o
—
3 "
i { :
. 6000 . *
3 4000 r{ i } ,
2000 . ﬂ
0 I i -

Numher of Tests 4 ; “ 6 8 . b 8 6 6
Emb dment }“‘—‘21/.:"‘—.‘ 2 1/2” %‘ l." .1
Location/Mortar c c c c ¢ Bx/M BN Y n Iy
Comp.strength,psl 4100 4400 5700 5700 3600 2390 350 2670 730 390
Manufacturer ‘L"—“-ch-lt Feoumm——- —————I1TT-Phillips :
fy‘w; | ————— ‘-'C(lj',c -———’1 re*—————— S)\CCVE

* Compressive strength of concrete pasonry units: 2525 psi

Fig. 2.4 (cont'd) Comparifson of l/g in. expansion anchors



14000 : Bolt D‘.‘t.r‘ ‘Iz.‘ .
- I Range of Test Re uJlts
;5 12000 J
& m Mean Capacity
10000 A ‘
o 3
.
B
L
< 8000 J B
C
~ h d
o m .
4 6000
o
o )
L]
C‘ .
= 4000 J #‘
2000 J ;
0 o
Number of Te ts b 16 0 3 ] v
Enbedment !-————2 1/, ~ t““/JH
Locatlon/Mo~tar C € J/H J/H C C
Comp. strength,psi 3600 4500 2630 515 3600 5000
Manufacturer ~—ITT-Phil) { ps—ei i 1ei™
Type Fe—Sclf-dril]. ——=d TID DProp-in

ing
* Compresalve strength of concrete masonry units: 2525 psi

Flg. 2.4 (cont'd) Comparison of ‘/; in. expannlen anchors



1 (
16000 - .
Sibas 1 Bolt Diameter: 5/g" ¢
4
ﬂ
;5 vr I Range of Test FResults
:g; 12000 W m. Mean Capacity
L plj
g h
S 10000
o |
I
e 1
53 gooc |
. b
€ 6000 1} [
~4
[ 2}
| ]
v
[

6000 - *W

2000

0

Number of Tests Iy 5 &

6 12 “ 4 “ “ 5 3 3 3
Embedment }.2 3/H L._._ g —_——.-l l‘——-— A -———.{ ro-z lS/,H
Locat lon/Mortar C ‘,/M C B*/i4 B*/N J/H C C B*/M J/N C C J/M
Comp.streagth,psl 3600 2760 3600 3015 1520 2565 J600 S700 2680 725 3600 4600 2880

Manufacturer o Bilt — t 11’1‘—l‘hilllps‘——'—j
Type b Wadgs ey Slecve —*] be se1£-

drilling
* Compresaive strength of concrete masonry wnlts: 2525 psi

Compar fnon of “y tae expons lon mucborn



30000 -
)
-
[+
3 25000 _
(9
& 20000 -
S
5
o
3 J
4 15000
fa
o
-
CI:
S 10000 _
5000
0

+

l

Bolt Diameter: 3/, " ¢

I Range of Test Results

m Mean Capacity

wumber of Tests

Eebedment
Location/Mortar
Comp. strength,psi
tlinufacturer

iype

2 “ 3
F________ 3 3/dll

€ C
)
_..1

c B*M Ba/N i In
3700 3015 570 2565 a0
diled

Wedype

4 13 5

7 3 3

3 3
ARl TR VA VAL SO pri—

C ¢ I

I c C ¢ Im

3700 6000 1735 2700 2600 4900 5700 2630

 —

LY ITT-PRa1 L TpET
'4~ Self- —ng
drilling

* Compressive strength of concrete masonry units: 2525 psi

ey,

2.6 Connpny Tnon of J/:, o expannton anchoin



Bolt Diameter: 1" ¢

1

Bolt Diameter: 1'/," ¢

I Range of Test Results

J:l Mean Capacity

30000 { i
O] y
g ]’ 1
E; 25000 J
>,
= = »1
7 Nl F
8 J
U T
-
2 th
S . 15000 J
f.
e
o -
a4
"
c
& 10000 A )
5000 <
0 . ;
Number of Tests ! = iw N ) 1 ’
u = -
L - l - ’ -——— .
Embedment 4 /2"l 5 °/s "'—'— 8" - 8'
Location/Mortar C ‘ C
Comp. otrength,pei 3600 5000 5000 3600 L9900 5700 3600
MHonufacturer Hilet - Hiled
i ype wt‘('gp > Wed Be

Comparison of 1 fn. and 1 '/“ in. expansion anchors



( POUNDS)

LOAD

CHOR

AN

12000
Anchor Type: Wedge
+ Bolt Size: 1/, in.
Esbedment Material: 5500 psi concrete
10000+
-+
8000t
+
6000+ Average curve from 2 tests
+ Embedment Depth \
4.5D
24000 I /Aveuge curve from 4 tests
.’l
f \
2000 ¢ \,
I \
! \
.“ \
\\
0 L aman + + 4 ot + ¥r ot + + ' * e
O 0.2 0.4 0.6 0.8 .0 e 1.4 1.6 1.8 2.0

ANCHOR SLIP (INCHES)

Fip. 2.8 Load slip behinvior for wedpe anchorn ¢ wodded 4.5D and 8D



LOAD (POUNDS)

ANCHOR

.

12000 7
T Anchor Type: Wedge
Bolt Size: !/, in.
+
10000 Embedment Depth: & in. (8D)
1 Enbedment Material: 4500 psi: concrete
8000 A
’—'-_—'—\\
i /,” .~~\‘\\\ Average curve from 4 teets
Moderate Installatfon / (/-
Torque (70 ft-1ba) \
6000+
Average curve from 5 tests
4000 +
(35 fr-1bs)
( <
) \
\\
0 —+ 44 A e e t——t e B ——ey
0 0.2 0.4 0.5 0.8 1.0 1.2 1.4 1.6 1.8 2.0
ANCHOR SLIP (INCHES)
rig. 2.9

Load slip behavio. of wedpe ancnors Installed with low and moderate installation torque



' OAD (POUNDS)

ANCHOR

( { '
12000 1
Anchor Trpe: Wedge
T Bolt Size: !/, Inm.
Embedment Depth: 4 in, (8D)
' |OOOO T Embedmgnt Material: 5500 pil concrete
3
80090+
+
High Installation Torque
175 fe~1bs)
6000- i R .
4000 -
2000~
0 —t oo + + ey el + + + + + + ¢ + e
) 0.2 0.4 0.6 0.8 1.0 1.2 .4 1.6 1.8 2,0
ANCHOR SLIP (INCHES)
Fig. 2.10

Load slip behavior of wedge anchor installed with high installation torque
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. 2.1 Load S11ip behavior of anchors teated with preload
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Eifect of concrele compressive strength
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v, 2.15 Load slip characteristics of sleeve type anchors



(POUNDS)

ANCHOR LOAD

12000

T

10000+

T

8000 -

T

6000 1

N
Anchor Type: Self-drilling
Bolt Size: 1/, g,
Eubedment Depth: 2 l/3'2 in. (=4D)
Enbedment Materfal: 3500 psl concrete
Average curve from ) tests
|
I
L]
|
|
+ I‘— + 4 4 + Yo + + s anng 4+ t + + + et -y -
0.2 0.4 0.6 0.8 1.C .2 1.4 1.6 1.8 2.V
ANCHOR SLIP (INCHES)
Fig. 2,16 Load displacement characreristics of ~elf-drilling anchor



(POUNDS)

ANCHOR LOAD

12000

10000+

8000 -

60001

4000 -

2000

bl

L}

-

L3

|
I
I
|
l
|
I
|
|
|

[\\/—\ Average curve from 3 teste

Anchor Type: Drop-in

Bolt Stze: !/, in.

Esbedment Depth: 1 31/,, (=4D)
Exmbedment Material: 3500 psi concrete

ol 'y 1

o .
v .

e
-

- 4 .
. . - Ll v .

02 04 06 08 10 1L2. 1.4 1.6 1.8 2.0
ANCHOR SL'P (INCHES )

P n
v Ly

Fig. 2.17 Load displacement characterietics of "TZD" drop-in anchor



(POUNDS)

AMCHOR LOAD

'

12000~
Concrete f¢
-
10000+
+ Anchor Type: Sleeve
Bolt Size: !/, 1n.
8000 + Embedment Depth: & in. (8D)
-
Mean Maximum
6000 | Load: Mortar Type M
=== _—= - f¢ = Concrete Masonry Yait 2525 pei
/,:ﬂa"”"""”' Average curve from 2 tests
S teon Boxtiven Load T e
aea dXimum O L]
4000 - B / Concrete Masonry Unit "’\\,:.\_\.
1 LF .--...--u--:m -
~—— : --.....,m,:.q_ -
S o
— ———
4 T — —
2000 Mean Maximum Load Masonry Mortar-Type N -
Mortar Type N Average curve from 2 tests
.

-

{

= 3500 pei
Average curve from ] tests

Lad
-
-

=
\—-uo'—.‘c'-r..

Tresanrstaentnina et

\‘-‘~~"‘§_J'\—-—.

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 B 2.0
: ANCHOR SLIP (INCHES)
Fip. 2.18 Sleeve anchor ewbedded Ia concrete and concrete masonry



Resction Frame -
Vi

1

e

%o o0 @ 009

-

iy | "LT‘:{

-~
o
e
-

|
)’
)
o h

Load Cell to Measure

{

Applied Losd

LVDT to Measure
Anchor Siip

. -
-

L —

wb‘:p
i d

‘.“')- l‘lrﬂ
il Il [ | Specinen

leio} ‘j—‘ L)
Ll AT
1 | | e 40 |
il s;
] i
A *1 !
Sy (i
l

L g,,

de ) i

T | i B e VI | o
v |
‘.__..__.-.’-—
A
(a)
Fiy.,

- d—
<

CICICKD

L EY 2R LY ]
FAELT & "o

L T L, S W

Reaction Frame

LVDT to Messurs
Anchor Slip

Internal LVDT te Hecsure
Dilaplacement of Applied lLosd

Servo-Controlled
Aydraulic Rem

_ e Load Cell to Measure Applied Losd

Four Bolt Cluster Loading Asscwbly

Mesbers to Hold Test
Specimen to Test Floor

i

Mennure Anchoat Load Y

~Test Spocimen

P Tent Floot ~ i

Section A-A

(b)

2.19 Test Assembly for Cyclic Load Tests

ol st Lo asd



1/2 in. Thick Sreel
Attachment Plate

Outline of lLoad Ce
on Anchor

/’N':r\\

©

\§,/
@

Loading Ba r——\
- -0

o

12"

\» t »

NE

5/8" ¢ Hole-\\&
(:) "-: \“//
7 |

(
\

~

@

..r '
®
//"‘\\ @
-+~
(0) & 7
\ / ’
\5'.;.‘//
X
12"
Ei
Fig. 2.20 Strain Gage Locations on Attachment

Plate for

- ” ® .
Flexible Plate Tests

)



b s

’ Attached to End of Bolt Stu

. Attached to
Hydraulic Ram

12"

172" ‘1‘“"‘ V(\!val%lvfﬂipic Attrching Plate

O- Load Cell
X~ LVDT

Location of Displa

Measure Anchor




‘.

Fig. 2.2

o —— - —

(kips)

hor Load

Total Ar

"

w

L3
b

e Wedge Anchor Tests

wmeeeSelf-drilling Anchor Tests

'S : 4
0 10 20 n L0 S0

Summary of

T T T eape—

IS ESp—p—— . —— - . —

Applied Load (kips)

Anchor Tension Versus Applied Load Relationships for Prying Actlon Tests




-
-
o m———

b o e e fru e S
- Com

[ stas
EETTANE LR T

-t

——— e e e — —

I Vitaranssstuny) AR pey-eatl T

P

=t

v
.

ma

X
e

>

I’TGURE

PRELOAD VS,

PUNSUPISISESE SN ¢ TR

RUHCHOR

WHILE |-

s vl s

e

MERSURED.

.1I.-

4

R
' _




e S PP - i R e——— T TR—— P — - B—

4 .- - . - - - " "'ERE R - . .
: Wb s " ook e 3 B" s e,
1 : : : i SRR : 44 AN o
- l b8 PN T “is ) : X
- - T 5y
- 5 o i | = ' i .
Sl e T g Afietiey. TRl 0.1 NN
. - v - . . - - - . -
e e S v a2 = b s -l o 5. P
 { peregilgess oSN vty
s p -
: N g
. .-Q.—..—-.-
s e § o s atiah

- ——— - ——

—— o ——

- —— — . ———
-~ ———— ————— - -

- ——— ——— —

‘ S—
' S iobnagnartaptantll ¥ et Ran
' e — &.»--
- .
} ol Bugerosiose s | -
i e S -
.- - — . = ~
= iR R W
b e a - P I sl t pea " -
oot P oty vl _._.’.t._..__..._—] [, Y P Spp——
— . - - - ——— - —— - ——— .-_
premrerliliee S b i it = = :
e e !
e St
e <1
, msina-loi S Nt
. .- 13 .
e e = e
i 4
e I = - e
l e - w
| — — -
. | S . ‘
I — E = < e
o '
e mendies )
S a) - s
! B e - o ol -
s Ry o
1 R «§ peieme >
e

411

@ et s Y O s

| i PRSP p— .
i et t_’ 5 et e
_ e e &

L 4 i [ O s st

e g i i S b s

P SR

— b Bt Ol S S S

SEt

. - -

i
|

e s = & e Mg
b & nsaiabe e e o

: F---.....- v - Sl a5 4. w6

| - —— - - .-
v i » b
o e [ W b = e
pepeyjpeein-g hdpipessbaandpanl S

. A S———— . Y —

l
]
1 lw ) Vi
| :
1 i ok
2 s
I ot P
| : i
e !
‘- .
i ' .f:;
A drata el e §
1]
g fi !
. . .
= o~ o
N — -
L e L S e et
i i o
e o T T T T R P



