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Introduction 

The determination of the maviitude of the vertical 

load which ca.n safely be -placed on a horizontal anchor bolt 

imbedded in a concrete wall is of considerable interest to 

designers of reinforced concrete structures. Some building 

codes include tables of values for various sizes of bolts which 

may not be exceeded, but other codes leave the question to the 

engineer. 

So far as is known b;r the authors, no purely analyti­

cal solution of the problem has been made. Timoshenko in 

"Strength of Materials" vol. II, p. 12, develops an expression 

for deflection of a semi-infinite beam on an elastic foundation, 

bent by a transverse force P ancl a moment Ho applied at the end, 

which condition would. give the equiv~ilent of a load applied at 

a ctistance from the beginning of the elastic support. However, 

the expression as developea is based upon the value of a consta.nt 

k, which is constant only for a particular set of conditions, and 

must be determined experimentally for each type of loading. This 

method therefore re r. uces to an experimental determination. 

Experimental data itself Rppears to be lacking on this 

particular problem. The building codes mentioned appear to be 

the sole available source for safe load values. It was to pro­

vide · some reliable experimental data. , and to compare the values 

obtained experimentally with the Los Angeles building code re­

quirements, that the study which is the subject of this report 

was undertaken. 
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Description of Test Specimens ?..nd Appe,ratus 

On the basis of the commonly used sizes of anchor 

bolts, the embedments c1esired, an<'l the test equi"9ment avail­

able, the size of concrete test snecimen was determined. 

Blocks 8 11 square end 1211 in height were used. !t · was neces­

sary that the size be kept clown for ease in han<lling, a.no at 

the same time it was necessary to ma.l(e the specimen as large 

as possible in order to represent more closely actual c rmdi­

tions. Results indicated that a larger block ,,,oula have been 

desirable, as will be noted la,ter in this report. 

Forty-four specimens were poured, with twenty-two 

V.;tt-iations in enibedment, size, etc. They included the follow-

ing: 

1. A series of 10 specimens for determining the 

effect of length of bolt em"oed.ment in the concrete, in which 

5/8 11 bolts were used, the embed.11ent varying from 1 11 to 611 by 

1 11 increments. 

2. A series of 12 specimens to obtain a relation 

between ·size of bolt and allown'hle load, using a constant 

embedment of 3 11 , and bolt sizes from 3/8 11 to 1 11 in 1/8 11 incre­

ments. 

3. A series of 10 specimens \.Jhich followed code 

requirements as to embedment, bolts varying from 1/2 11 to 7/8 11 

in diameter. The purpose of this series was to give a direct 

comparison with code recommendations. 

4. Sixteen miscell?..neous special conditions, includ-

ing changes in concrete mix and s~ecial anchorages ·of anchor bolts. 
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The test e.ppara.tus uset consisted of a. framework 

made up of 1/2 11 plate and 12 11 channels, one sia.e being left 

open for easy a.ccess. The fixture may be seen in the photo­

r7aph on page 12· The framework served to hole. the test block 

in a fixed position while the transverse (vertical) loan was 

auplied. Loa.cl e.pplication was through a heavy pla.te in which 

R hole hac1 been drilled to accomodate the anchor bolt. With 

the framework enclosing the test specimen anct securely clamping 

it in position, load was applied to the upwarc~ projecting strap 

by means of the upper plate of a.n Olsen universal testing machine. 

Deformati ons were obtained by inserting fl. deflectometer under 

the machine head and resting on the concrete block itself. 



Testing Procedure 

In order to P--pproximate actual conditions a.s closely 

as was practical, a. concrete mix was designed which was repre­

sentative of the concrete usually found on a construction job. 

The combined aggregate grading curve is attached.. Material 

was mixed in e, transi t-'mixer while being hauled to the pouring 

site, where all of the blocks were poured at the same time. 

After 24 hours, the concrete blocks were placed in a 

,·e.ter ba.th Fhere they were kept for a minimum of 28 days before 

testing. Results from tests of three compression specimens 

show at 28 days a unit compression strength of 3190 lbs. 

The procedure in testing was to place one of the 8 11 

x ·811 x 12 11 specimens in a framework made up of two channels 

connected by a 1/2 11 -pl~.te on one sine, e.nd 12 11 long bolts on 

the other side. The set-up is shown in the photographs on 

page 12. The concrete block was secured in place by wedging 

small ,,rciod blocks against the face nf the channel and taking 

up on the 1211 bolts. Load wa,s then apnlied through a column 

made up of a. 1/211 x 3 11 plate fastened to the anchor bolt by a 

nut and \·re.sher, anc1 projecting U"!)Warn far enough to allow load 

to be n:rm lied by the rlescending head of the testing ma.chine. 

The machine used was an Olsen 150,noo lb. universA.l machine. 

To obtain deflections, a deflectometer which ;nulti­

plies the rea~ing ~y 10 times, was placed ns directly as 

possible under the point of loadinr,, to avoirl effects of eccen­

tricity. Load rearlings were obtained by continunusly bah.ncing 
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the weighinr; lief;Jn .ss the loac was ap;llier.. For most of the 

tests the 30 ,000{r rider was used to obtain maximum accuracy. 

Load was a:ppliecl grac1ually, at the lo,,.,est s:_oeed of the machine 

for the first part of each test. Rea.clings were taken usually 

at 100 lb. increments of load to 1noo lbs., then in 200 lb. 

increments to 5000#, and for the last p0rtion of the tests 

rearHngs were taken according to deflection, until a deflection 

of 1/2 11 was reached, at which time the 0eflecto□eter was re­

moved anrl the test carried to failure. 



Analysis of Results 

The load- deflection curves for each of t hf i.~4 test 

specimens will be founcl in the Append.ix, Charts 1 to 24 . An 

inspection of these curves shows, a fairly good agreement be­

tween the pairs of tests for each setup. considering the non­

homogeneous nature of the concrete. :b'rom these curves, the 

following general observations may be made. 

a. Effect of Length of-Embedment of Bolt 

In this series of tests, a 5/8 11 bolt was u sed, ,·ith 

r:.n embedment varying in one inch ste-ps from 1 inch to 6 inches. 

The curves for these tests are shown on charts 1 to 5· inclusive . 

A curve shoving the variation of ma.ximum load and also load 

necessary to produce R deflection of the bolt at the face of the 

concrete of 1/8 11 has been prepared on ch1:"1.rt 23. As indicated by 

the curve, the strength of the bolt increases with embedment up 

to about 3-4 inches and then drops off'. It would therefore e.p­

r, ear that the optii:1UJ11 embedment for a 5/8 11 bolt uould be 2bout 

3-l! inches or about 6 diameters. It shou1d. be poin tee!. out, how­

ever, that the clecrease in strenr;th for the l onger· embec1ments 

\-ms due in all probability to the relatively small si7e of the 

test blocks. For the longer emoedI'lents and larger bolt sizes, 

the ultimE1.te failure wa.s by a hori:;:ontal tension era.ck through 

the entire block, 

o. Effect of :Bolt Diameter with Constant Embedment 

In this series of tests , six diffe rent sizes 0f bolts 

were tester, using the SP~T.e embedment of 3 inches. The results 

of thes e test s nre sho,m on ch~r ts 3 and 6 to 10 inclus ive. 



These curves indicate a r;eneral incre8se in strength as the 

bolt diameter is incre['.i:;ecl. On the curves, chart 24, a.re sho..,'ll 

the variation in the loacl producing P. fleflection of 1/3 11 and 

the ultimate loa,4 as a function of the bolt size. The ultimate 

load curve clearly brings out the insufficient size of the con­

crete test block. In al1 7)0lt sizes ahove 5/8 11 , the ultimate 

load remains constant at a1.,out 12000#, indicating clearly that 

for bolts above this size for this particular embedment of 311 , 

the ul tim;::,.te fe.ilure is due to a cnncrete tension· fe.ilure end 

not a bolt fRilure. See ·photogrr:!)hs, pages]? encl 16. 

c. Effect of T'~ifferent Tves of Anchorage of Bolts 

In this series of tests an attempt w;:is made to obtain 

a a
0
uali t;:,_tive coI'lparison of the effects of different ty-ries of 

anchorages. In a.11 of the stand.ard specimens, a .bolt ,._,1th a square 

hean ancl a standar<'l plate washer ,-rere used for anchorage. In 

this s-pecie.l series, the following types of e.nchorP.ge are com­

pared: 

( a) :Bolt with standard washer 

(b) Bolt without washer 

( C) Bolt vith 2t1 X 2 11 plate washer 

( d) Bolt with 2" bend 

The results o: these tests 2.re shown on chf!rts 2, 11, 12 and. 13. 

In each CP-.se a 5/g 11 b0l t. with a 2 11 embedment was used. The 

c-q.rves seem to indj cate th2.t the standard. anchorage is most 

favoro.oie as regards both deflection and ultime.te -strength. The 

OJ!!ission of the we.sher shov,s a fl2.ttening of the loacl-cieflection 



curve, ic1c1-icating a sl:;.pping of the bolt. The use of the 2 11 

x 2 11 plate washer ins tcacl of the s::,all round washer shows a 

suc1_<1en failure as the cor,crcte in front- of tLe washer is t)roken 

out. This f~ilure is sh::iwn in the phctograph on page 15. The 

bent bolt seems to be a<Jout as effective e.s the standard anchor-

af;e, except for a r.lightl;v lower ultimi.te strength. 

A test was also mac'.e on o . hea.rl.lesf. 5/311 bolt with a 

' l:. inch embec1L1ent. The curve for this test, chart 14, indicates 

definitely F). slippage of the bolt through the concrete. 

d, Effect of Special Conditions 

Two special tests were made to determine the effect 

of a bearing plate end a nut on the face of the concrete. A 

5/8 11 bolt with a 4½ 11 embedment was used in each case. In one 

case, a 311 x 311 x 3/s 11 plate was used. The resulting load­

cleflection curve shown on chart 15, shows a definite increase 

in ultimate strene;th and also in the slope of the curve. In 

the other case, a nut was placed on the inside of the form. 

The curve for this condition, ch~.rt 16, is probably the most 

favorable from . the standpoint of deflection ancl ul tinJate strength 

of any of the tests made. The use of an extra nut on an anchor 

bolt would thus seem to be a very useful and easr method not 

only for increadng the transverse strength of the bolt, but 

also as an aid in holding the bolt in place in the f0rms. 

Photographs showing the results of these two tests m~,y be found 

on pages ]l and 16. 
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e. Effect of Concrete Mix 

Two extra series of tests were made in ~raer to 

determine the effect of a variable concrete mix. A 5/8 11 bolt 

with a 4 11 embedment was user, . The grading curve for the ag­

gregate is shown on page 11. A comparison of the resulting 

curves, charts 17 a,nd 18, with the star.dard specimen, chart h, 

shows an increase in strength about in proportion to the theo­

retical concrete strength as determin~d by the water-cement 

ratio. 

f. Comparison with Code V~lues 

The following t8ble is taken fro:n the 1943 L0s Angeles 

:Builcting Code ancl gives the minimum embedment and allowable shear 

load on anchor bolts in concrete: 

:Bolt Dia. 1/2 11 3/411 7/gn l" 1 1/8 11 

:Lubec.ment 411 411 511 611 7" 8 11 

Shear 750 lb 1000 lb 1500 lb 2000 lb 2500 l'b 3000 lb 

A series of tests \,•as rnade using the same embedments 

a,s above. The curves for these tests are shown in charts 4, and 

19 to 22. 

The following table is based upon the resu.1 ts of these 

tests: 

Bolt Dia. 1/211 5/gn 3,/hn 7/611 l" 

Load p ror1ucing 
1/8 11 deflection 4000# 6500# 6500# 6000# 6ooni,t 

Ul tinate load 7000# 12000# 12000#= 10,000# 11woo# 

As before noted, the limited size of the coricrete tes ; 

blocks inva.lidates the results of the tests for bolts above 5/8 11 
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to 3/L. 11 i n diameter. However, a corrmarison of thP two tahles 

aoove woul d se em to ,justify t he Los A..--1geles Cod e values a.s being 

quite conservative. On the bar:.is of the cef1ection curves ob­

t a ined, t he 1oadings e.llowed by the Code would correspond roughly 

to a deflection of about 1/32 of an inch. Based on the ultimate 

strength values, the present Code values v ou l d represent a factor 

of safety of about 8, 

Conclusicms 

The ~esults obtained from this serie s of tests indi­

ca.te thl'lt in an actual concrete wall the shear strength of the 

bolt itself could be attained without oifficulty , and with a 

col'm')aratively short embedment. Present code VRlu~s appear to 

be overly conservative both in r equired. emhedment fl.nr. '11lowable 

load. 



9Nl~SV'd % 
10._t"'"~~-=-r==--.,,...,..;;ar..--~,.,.,..,.,.-,~2r=,,.,..,,,.-;-,,~..,.,.,,,....,.;;~;,-.,.,,,.,.,.,.,,.,...,,,.,r--,--=,..,,..,.;~r-,,.,....,,...,.,."r-"'=~~,i,=e=~~=_,.,,;On=,...,.,.T"""""""'~• 

9 • • ·~j - ~,./ · ~,.;:.:;,::-· :·l ;:-:.:·_ =:0 •_. . - .r:.: .. ~- .:::~_:: -.: -: ·.ci.:i' ·--'' · ;·,.1·:,':"f::~' .. ·,:::: . .:.:..~ ' ",'"" ::,'!:::!:.-.: · . : :~"':J"' ,: ' 

s 
•·=::. " ·_, r::c-. '---;--:-:-:+::'--:---:-'-:.::+.""""x-..:..• ....:,-,.·.-"-; :f: !:..:. ;::,::·:"".c: .. """'::-.. ,"""'-..:... ; _,j~..:...,.:...L _;:::..:i."-': '-"::;""·.-.j.:.· ::..;:,:.::::;:):!::,_..::_ • .. C::. . .. :j:..:.:. .. -=. =:_.:.:;_:Jc . ...;·1;:;;··.:.:: ~.::;.:....:'-_::..:·4J. :..,-·:·:...:: ..:..: =:,,,,,:.I( .- :.::: __ .=:.-:=-;:.:...:_,.;~:.:.;..:. __ .::: ••• '.".:.:::. f-, .. ....: .... ~ •• ..:......:,-1=-, ....:,::::.'=:.:..:_.:.:.: :"' .. r;_:.:j . 

.....:.......;..:....;._...:.:.......:...:t....:.:.....:.:.....:.:..=.j..:..:...:.:...:.:.c...:~µ:::..•-- =·· '· = :t.:..i.:..· !.:' ::·;.:· ".::;.·•· '· . :.: : _·· · ... • • . . ·_:::,._· ~ ~ 
• .. \ I '· ""- · .. ~ . J---: ~ ·, ... , .,·....,:. 

7 __ +----,--+-:----·-;----+--....,...-P.c-----+--.....:..-,-:.....:..+--......:::, ..... ::,-+------'--l-'-'-'-.:.....:..:.::...1-'--...::....-11-...,......:.......:..-11-'-.....:....-;.:...J::· ·.:..· ·::·•;:.:··..:..·....:· ::~·➔• .::..::.=.c::...;:::i 

6---+~--.. ·+1-,---..,......,li--·. _ . . --+--_,_:- ..,...;.-..:.'. -+-·._.~_:'....:< ... =_:.~+:_.• ___ ;~··_:_l_::1-_·_·:-_:_~._:-~_:·:
4
·~-~:_.·_.:'.::,,.'i:: .... ='.~~;1-.-..:..; .:....·:.....:··=.....:;~...:~·:'-!: -'.:_~..:..::.:_:=_:.::--...:··;~·-·.j......:. __ ; :_::..:.i-= i:--::_

1
·· _t·...i=r .. .:.... .. •.:....:· _+·.:....--,_::_:..:.:~=t.~=·~·.:....'-~· .....:·, 2.~~=:.:=; .:.:::ir 

5 

4 

2 

7 

5 

4 

3 

2 

··- r- 1·· .... _ ·--. - -

- ::· ' - · . ~ I" . : ,_ .... ,=R .:.·:~:'- :-- · ~: ·: ~. . ~::: -~:;.: :'::~~::::~,: ~ 

, -/~ fl .. 1 .. ,-~;·t·~rxi 
: .. · • .. '\'· 

.c- ·s'\' 
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TEST SET-UP SJOE VIEW 
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LOADING PLATE ,W PLACE. 

COMPRESSION SPECIMEN 
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