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THE UdE OF NONSHRINKING MORTAR FCR ANCHORING

BOLTS IN CONCRETE MEMBERS

At the reqguest of the Bridge Divigion, an inveetlgation has
been made to determine the feagiblliiy of uelng proprietary non-
shrinking mortare to embed girder anchoring bolts in concrete
bridge abutnents. The material BEmbeco wag gpecifilcally recommended
for study by the Bridge Divigion but several other products were
included in the invegtigatlon for comparative etudy, The other
proprietary products congidered were Bauverelsen Iron Cement,
A-Pando Pointing Mortar and Iron Bond.

Scope

The four proprietary products were tegted snd compared with |
ordinary 1:3 cement-gand mortar with regard to bond, compressive
and tenaglle strengthe. The bond tesgt wag used %to zive an indicotion
of shrinkage of the groubting materisl and wag performed by embedding
standard sguare-head anchor bolts in 12-inch sectione of 2-1/2 inch
gteel pipe and pulling out the bolts at the age of 7 dave, Gement%
sand mortar wag placed both in the orlginal condition as mizxed and
efter preghrinking for 2-1/2 hourse, In one case, the cement-sgand
mortar wag placed as mixed and retamped around the holts after
2=1/2 hours.

Sumnary

1, Cement-gand mortar proportioned one part cement to three
parts sand, by'weight, had higheet bond gtrength in pull-cut tests
but showed noticeable shrinkage away from the bbundary at the ex-
poged purface. Both preshrunk and retanped mortars gave lower bond
gtrength sgalngt the gteel cylinder but shrinkage subsequent to

placing wae reduced. Iron Bond produced the lowest bond strength



with Bmbeco and X-Pando exhibiting intermedliste values,

2. Sauerelgen ITron Cement wee worthlesa in these tests,

When applied according to directions, it veculted in a wesk, inco-
herent masge without atrength of any kind.

3. Iron Bond addition resgulted In the highest compressive
'ﬁtfength - more than double that‘of plein cement-gand mortar.
X~-Pando gave the loweet compregslve gtrength which wae about 20
vercent lower than that of plain cement-gand mor‘i;ara

L, There is a big difference in cogt of the variéug grouting
materiale, the cost per cublc foot of grout ranging from about 35¢
for cement-gand mortar tq $37.50 for Sauefeisen Iron Cenent,

Conclugions

Enbeco lg a satiﬂfaétory admixture for producing a non-ghrink-
ing mortar to seal snchor bolte 1in concrete,

The 7-day pull-out tesis éleo indicate that a cement-gand
morter of 1:3 ratlo would be egatlsgfactory for the mame purpose,
provided that 1t wag retamped about 2 ﬁo 3 hours affer mixing and the
vlug boundarieg gealed with aephselt cement. The only spperent obe
Jection to ite uge lg the clight ehrinksge crack that forumes at the
top boundary edse of the plug which might give trouble by permlitting
the entrence of water to cauese drogresglve dlegintegration by fTreez—
ing and thawing. Furthermore, it 1lsg not definitely known whether or
net the plug would continue to shrink with tlme and eventually
become looge in the hole. 0On the other hand, it would be the most
economlcal snd convenlent meterial to use.

Test Procedure

1. Manufacturer'as Recommended Proportione:
a. FBubeco Nonghrink Grout. - Mix 100 pounds Embeco,
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94 pounds normel cement and 1 cuble foot of clean sand to

a uniform condition; then sdd water to make a placeshle mix, {

Avoid an excepg of water, |

b. Sauereigen Iron Cement (& prepored mortar), - Mix 2
parts of Bauereigen Cewent to 1 part of water.

¢, ZX-Pando Pointing Mortar (a prepared morter)., - Add
water to the dry mortar as recelved, untll a workable con-
pintency is reached,

d., JTron Bond, - Added to sand-cement mortar in propor-
tiong of 5 pounds of Iron Bond to 94 pounde of Portland

gement and sdd water to a workable congilstency.

g, Control Mortar. - 1 part cement to 3 parte sand,

mixed to trowelling congistency.

2. Preparation of Tegt Molde. - Metal pipe, 2-1/2 inch
ingide dianeter, wae cut intco 12-inch lengtheg and threaded, A
coupling was pawed in two to form a bearing surface when gerewed
to the pipe secticng. Bee Flgure 1.

3, Preparation of Anchor Bolte. - l-inch by 18-inch sguare- [
head anchor bholts were centered 1n the pive sections on a flat
purface,

. Molding, — The mixed mortare were added in thin layers
around the anchor bolts 1in the pipe gections and thoroughly tamped,

The moldg were tapped on the gldeg to asslist coneolidation, Three

spacimens of esch mortar were made, except the control mortar.
The contrel mortar was sdded to ¢ moldg, The Tirst three were
left undigturbed after molding. The second three were retamped
and consolidated after 2-1/2 houre. The third three were not
filled until the mortar had egtood undisturbed 2-1/2 hours in the
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mixing pen, Then the mortar wag remixed without additlional water
and tamped into the moldeg., This wasg to provide a preshrunk mortar,
The undigturbed cement-sand mortar exhibited a marked shrinkage
during the first 2 or 3 hours of getting. The non-ghrink mortars
actuelly appeared to swell elightly during the setting period,

5. Curing, -~ After molding, the samples were gtored in a
molet room For & daye; then removed to dry one day before test.

6, Compression Tests. - 2-inch cubes, prepared according %o
ABTM mortar specliflcstions, were molded for compregsive testa,
Thege were cured 7 days in the molet room hefore tecting.,

7. Tension Tests, - Mortar briguetter of the-nonmshrink
mortars only were prepared acceording to ASTM methodes and cured
7 daye 1n the moigt room before teating.

8. Testing for Pull-out Strength.

a. A heavy coupling weag threaded onto thé.anchor bolt
and connected to. an extension made of an anchor boilt with the
head removed. The plpe couplling was threaded to the pine
mold and the whole Ilnverted over a heavy plate bored to allow
the core to pull through. Thege parts are chown in Figure 1.
A pulled manmple 1s also ghown.

b, The asepembly wae tegted In a tegting machine ag shown
in Figure 2, Tenglon wag applied until a fallure occurred
elther by bond to the pipe or by bond to the belt., Indication
of fallure was shown by a sudden drop of the teating machine
welgh be:—lmga

Regulis
1. Pull-out Tegta., -~ Table I
a8, Cement-3and Mortar.
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1). The undisturbed nortar sgeries provided 337
pounds unilt bond gtrength in pull-out, which wag the
highest of any of the mortars tested.

2). The retamped morter series provided 251 pounds
unit bond strength in pull-out.

3). The remixed mortar series provided 226 poundg
unit bond etrength in pull-out,

L). The advantage of uging a pr@ahrunk mortar, even
though of lower bond strength, le assumed %o lie in the
reglietance to water Lnflltration around the core,

b, X-Pando, -~ Thig mortar failed.through crushing of
bolt hesd through the mortar. No sllipvage occurred between
mortar and mold, therefore the results tabulated in Table I
indicate only the average for the load spnlied to crush the
bolt head through the mortar, The unit average stresns at
thie load was 251 pounds per sgaquare inch, Thig waes the high-
est bond gtrength of any of the non-shrinking nortars.

¢, Embeco, - Thig mortar developed 2473 pounds of unit
bond strength and wag second highest of the non-ghrinking
mortars.

d. Iron Bond. - This mortar developed 156 pounds of unit
bond strength and wae the lowest obteined strength of the
non-ghrinking mortarsa.

e, Ssuereisen, - Two gepavate abiempis were made with
this mortar hut no messurable strength wae obtained. In one
care, the manufacturer's recommended proportions were used and,
in the oﬁher care, & drier congletency wae uced, Both failed
to harden except on the exposed top and bhottom surfece for a
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depth of 1/4 inch to 1/2 inch, Free water remained in the interior
of the specimen and the mortar was goft and pliable. After two
weekeg time, the mortar gtill remalned goft and, upon removing from
the mold, 1t repldly heated up to temperatures just bearsble to
touchi, Thlg seemed to indicate improper curing, incomplete hydra-
or other imperfectlion not clearly discernible,

Precautions in Uge

1. X-Pando. - Do not use A-Pando Pointing Mértar in contact
with cinderg at grade level nor on masonry where toal tar water-
proofings have previocugly been applied. FXeep tightly sesled in can,

2. Embeco, ~ Accurate proportioning of mix ig important,
Avoid an excege of water., Hardeng ranidly when contaiher hag once
been opened, according to a local desler's statement.

3. Bsuereigen., -~ The literéture dosg ﬁot give precautions in
uge, therefore, 1t lg undersgtood that normal care be given to keep
dry and covered while not 1n use,

L, Iron Bond. -~ The game statement avplies for Iron Bond ag
for Sauverelszen.

Materiala

1. Embeco Nonghrink Grout. - Magter Builders Company, Cleve-
lend Ohio, Obtalnabhle in 100-pound containerg at $20.00 pef 100
poundé,

2. Hauverelgen Iron Cement. -~ Sauereisen Cemente Company,
Pittsburg, Pennsylvenis. Obtaineble in gallone at #5.01 per gollon,
3. X-Pando Pointiung Mortar. - X-Pando Corporation, Long
Lelend City, New York, Obtainable in 10, 25, 50 and 100-pound lots

at the rate of 20, 16, 14 and 12-1/2 cente per pound respectively.

b, TIron Bond. - Iron Bond Products, Detroit, Michigan. Obtaln-
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able at $185,00 per ton in 100-pound contalners,

5. Control Mortar. - Portland cement - natural sand,




TABLE I,

SUMMARY OF TEST DATA

Morter Bond Compregalve Tenpile Aoprox. Coet
Strength Strength Strength per cu, [t,
7 daye 7 daye 7 daysa of grout
pal. pel. pail.
1:3 Cement-S8and 338 4120
332 3831
34 3188 )
Average 337 3713 $0.35
1:3 Cement-Sand 324
(retamped after 205
2-1/2 hours) 2273
Average 251 $0.35
1:3 Cement-8and 216
(remixed after 241
2=1/2 houre) 221
Average 226 0,35
A-Pando 256% 27h0 398
L7 9160 340
257 2890, 397
Average 251 2930 378 $12.50
Embeco by 6480 héa
207 £91.0 23
23 7380 L38
Average ol 6590 Lh $7.00
Iron Bond 120 G250, 540
166 9050 550
162 9070 566
Average 156 9120 552 $io. 50
Bauereisen Two geparate trials were made but
no strength developed in 7 days. %37, 50

¥ Failed in bolt-core hond.
between core and mold,

No sllppage occurred
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