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MARCH 20, 1968

4 REPORT ON WBRIDGE RATLING ANCHOR BOLTS™
BY ARCHIE B, MCQUESTEN

DURING THE PAST FEW MONTHS 4 STUDY OF DIFFERENT METHODS AND MATERIALS FOR USE
IN GROUTING TN BRIBGE RAILING ANCHOR BOLTS WAS UNDERTAKEN.

OUR FIRST ATTEMPT WAS THE USE OF DISCARDED SECTIONS OF CONCRETE TEST BEAMS.
WE DRILLED 2" HOLES ABOUT 4" DEEP AND SET IN ANCHOR BOLTS WITH SEVERAL DIFFERENT
GROUTS, THE ONES WHICH WERE STRONG ENOUGH TO BE GONSIDERED FOR USE WERE STRONGER
THAN THE SMALL SECTIONS OF CONCRETE USED SO CONSEQUENTLY THE STRESS BROKE THE
CONCRETE,

THE MATERIALS USED ON THE FIRST PHASE AND THEIR RESULTS ARE AS FOLLOWS.
3/l BOLT - 4% IMBEDMENT
1. RAMCHEM EPOXY FORMULATION #223 - SPECIMEN FAILED AT 11,300 LBS.
2. RAMCHEM EPOXY FORMULATION WITH STONE - SPECIMEN FAILED AT 12,200 LBS.
3.  HOT POURED LEAD - SPECIMEN FAILED AT 3,000 LBS.
4.  EXPANSIVE CEMENT GROUT (FROPERLY CURED) - SPECIMEN FATLED AT 6,550 LBS.
5.  EXPANSIVE CEMENT GROUT (DRIED OUT) - STARTED TO PULL AT 3,000 LBS.

FATLED AT 5,600 LBS.
6.  NORMAL CEMENT GROUT (PROPERLY CURED) - SPECIMEN FATLED AT 7,000 LBS.
7.  NORMAL CEMENT GROUT (DRIED OUT) - SPECIMEN FAILED AT 4,950 LBS.

IT SHOULD BE NOTED HERE THAT THE RESULTS OF THESE TESTS ARE TNCONCLUSIVE DUE

TO THE SMALL SECTIONS OF CONCRETE IN THE SPECIMENS.

AT THIS POINT IT WAS DECIDED THAT A LARGER CONCRETE BLOCK WAS NECESSARY IN
ORDER TO DEVELOP A HIGHER STRESS BEFORE BREAKING. A FEW 12" X 12t x 10% REINFORCED
BL.OCK WERE MADE AND CURED FOR A MONTH. THESE HAD DRILLED HOLES 2" X 6" IN THE CENTER
OF EACH BLOCK: ANCHOR BOLTS WERE SET IN SEVERAL DIFFERENT GROUTING MATERIALS WITH THE
FOLLOWING RESULTS.
8.  STAR FASTENER (METAL 7/8" X 6" IMBEDMENT) - FAILED AT 5,600 1BS.,

. CEMENT MORTAR (SOME CURING) - FAILED AT 27,400 LBS.
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10, SULFASET (RAPID CURING) - FAILED AT 12,800 LBS.

11. EMBECO (MASTER BUILDER) - FAILED AT 24,700 LBS.

#* 12, HORN THIOPOXY 6@ - FAILED AT 14,950 LBS.

* 13, RAMCHEM (EPOXY FORMULA 223) - FAILED AT 32,250 LBS.

HERE IT IS IMPORTANT TO NOTE THAT % MATERIALS DEVELOPED MORE STRENGTH THAN
THE CONCRETE TEST BLOCK COULD STAND, THEREFORE, THESE STRENGTH RESULTS ARE THE
MAXIMUM THAT THE CONCRETE WOULD STAND AND NOT NEGCESSARILY THE MAXIMUM STRENGTH OF
THE MATERIAL.

IT IS ALSO IMPORT NT TO NOTE THAT ON EVERY SAMPLE OF THE NONSHRINKING GROUTS
THERE WERE SOME CRACKS DEVELOPED AT THE SURFACE EDGES; THESE WOULD DEFINITELY HAVE
TO BE SEALED WITH SOME OTHER MATERIAL TO KEEP OUT SALT BRINES.

IT IS ALSO IMPORTANT TO NOTE THAT THE SELF-EXPANDING GROUTS SHOULD NOT BE
USED ADJACENT TO ALUMINUM MATERIALS AS ELECTROLYTIC ACTION WILL @UICKLY CORRODE THE
ALUMINUM.

COST CONS1DERATION:

THE COST FOR MATERIAL OF HORN THIOPOXY 60 AND THE RAM CHEM EPOXY COMPOUNDS ARE
APPROXIMATELY $1.00 PER BOLT WH:REAS THE CEMENT AND NONSHRINKING GROUTS ARE MUCH
LESS BUT NOT WORTH THE DIFFERENCE IN PRICE IN COMPARISON TO A NORMAL CEMENT MORTAR
GROUT. (HOWEVER, WE FEEL THAT THE "THIOPOXY 60" COMPOUND WAS QUITE PUNKY IN
APPEARANCE COMPARATIVELY.)

LABORATORY RECOMMENDATIONS: ORDER OF PREFERENCE,

1. USE OF A LONGER ANCHOR BOLT TG EXTEND THROUGH THE ENTIRE DEPTH OF CONCRETE

WITH NUTS AND WASHERS.

2, THE USE OF AN APPROVED EPOXY COMPOUND (STRAIGHT EPOXY).

3. NORMAL CEMENT MORTAR GROUT PROPERLY CURED AND WATERPROOFED. /C v



HIGHWAY DEPARTMENT OFFICE MEMORANDUM

TO: R. I. Rowell, Materials Engineer A
s Uy~
k/‘ > -
FROM: E. F. Perkins, Chief Bridge Designer - ) Py, /c
Vi L Svr =M« LM
DATE: January 2, 1968

SUBJECT: Testing Program for Bridge Railing Anchor Bolts

Following the preliminary tests of grouted anchor bolts on December 22, 1967

it was felt that additional testing and evaluation were necessary before making

a final decision on the grout system to be used when making new railing installa-
tions on existing bridges. The attached testing program was developed to aid

in making this decision.

We have determined that the Planning Division has research funds available for
this sort of program and in order to receive approval for the use of these
monies it is necessary to have an estimate of the costs involved. Accordingly,
would you review this program outline and give us your estimate of material and
labor cost involved to carry out each of the phases noted.

We believe the material to be self-explanatory, but if you have questions
regarding any of the details please contact either myself or R. L. Merchant.

EFP:RLM: pmp
Attach.

HD-296A  I5SM 12-6%



Derby I 91-3 (1) PE
Derby 1 91-3 (22) Const.
December 29, 1967

TESTING PROGRAM FOR
BRIDGE RAILING ANCHOR BOLTS

Purpose and Scope:

This program is designed to determine the materials and methods to be used when
installing bridge railing, which conform to 1965 AASHO design specifications, on
the existing safety walks on the I 91 (NB) over U.S. 5 bridge. The program is
designed to study the resistance of an individual anchor bolt subjected to tensile
force only and to confirm the design of the standard bolt group.

Objectives:

1. Determine effectiveness of various materials used to grout bolts into holes
drilled in precast blocks.

2. Determine depth of embedment regquired to develop anchor bolt tension in
existing bridge safety walks.

Specifications:

A. Materials:

1. Test Blocks. Two types of test blocks are to be prepared as indicated on
the attached sheets. Test block "A'" is a heavily reinforced block designed to
determine the effectiveness of several materials as a grouting system. Test
block "B'" is intended to simulate the actual conditions of concrete depth and
reinforcing steel distribution to be found in existing safety walks. Blocks

are to be of Class AA Coni:rete, properly cured and reinforced with Intermediate
Grade Reinforcing Bars. Holes are to be drilled after curing to depth necessary
to provide embedment indicated.

2 Grout Systems. Several systems of commonly available material are to be
tested, including:

a. Portland Cement grout
b. Non-shrlnk cement grout (commercial grade)
c. LEpoxy-sand grout
1. Ram-Chem
2. other as available
d. Epoxy ( without aggregate)
1. Ram-Chem
2. other as available
e. Sulphide Materials
1. Sulfex
2P OO Clg
3. Leadite

Grout systems are to be evaluated using test block "A". The minimum acceptable
ultimate strength of the system shall be 40,000 pounds. The systems shall be
observed for rapid deterioration under service conditions (freeze-thaw and salt
action) or action which would lead to maintenance problems. Systems to be
designed according to usual practice or manufacturer's recommendations.
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B. Procedure;

Phase I. Evaluation of the various grout systems using Test Block "A'", to
determine the specific system to be used. An alternate system may be desig-
nated. Two (2) test blocks are to be prepared for each grout system.

Phase IT. Evaluation of the effectiveness of various depths of embedment

using the grout system selected in Phase I and Test Block '"B'". Two (2) test
blpcks are to be prepared for each of the following embedment depths: 4", 6',
8", 10". Test loading is to be carried to failure. Minimum acceptable ulti-

mate strength is to be 40,000 pounds.

Pﬁase III. Full scele test of SB-Rl-64 rail post bolt group using grouted anchor
‘bolts and subjected to 1965 AASHO rail post loading. Anchor bolts to be set
with embedment and grout system selected in Phases I and II.

C. General:

Testing is to be carried out by the Materials Division, Vermont Highway Depart-
ment. Detail test procedures, records and reports are to be developed by the
Materials Engineer.



¢ ”»

WM. DAT® ... . susecy. [&5T Otdek X ... SHEET NO._..___OF ...
{ oWkD. ®v . DATE. . . ....fca.-.fm?r’..-qJzt._}/xzfx_.rf.;?ﬁ_&\ . somno. L 23CH)...
it e 3 A dedelep. DaE . .. Davby. .. ...

e &ees g
A A AL

i E IS

7o it

#-55 i

/5 4y

z-&

/z’

N

-3

iR ' 4

dﬂ

/0"

L5 ECRTTON




B»Y.....
CHKD. BY

L]

. SUBJECT _,,.Zésf KCOCC"/S 3

A2 Bolt. DRERT& . .

2N

g R WS
i L
) by a/ l :
£ y N
¢ )
post—., -
P g W

[LESATION)

B YRy B bl e i

SHEET NO.....__._ OF

JO® NO. -Z-7/’3(’)

A

(LT



v L oare/ZOEE T supseer LEVESTIGATE. FALING 5K et o, L
CHKD. sv},{jz’.& paTE L2 Bo) s - Lxisioda ) Brinc s | sos nNo. »f‘f?/"
............... et LT JTa ARSI LADIN G De 7
3\ ‘,\,v\ ey 5 o ),’%fg;"‘j
Jas gj ”{! e oy
ey pg G oy LA é@/}/}
yiis :
[PV so¥e g7 fo 4
N /
27 S& /i25%
) - ® n} e
b £ 2 St
b 5¢ fos2sE
A L B Lo
)4
r '
¢ g
v
LONG?7e05 180

N A Y A
) e Lrss

Jﬁdc"? Cod) > /5
~
25(5) = /25 W-k

/z2(s5) &O
/ES IN-X

2 ]
JISScoit S Lkl Cori /S TAAER

s2(/25)

1)

ac

O FEAIIGE S

[ASSUME Proor A3 007

ormeT #8073 % v [ 5 =
= 5./25 .

g e

REOETE

O 1

7
> A

Sz
/5'0/ //{,«)‘ !C
4é a35’///f/"

EFLoGE

557

BY FEOT o) IF Goers
AID  FATE ol AU HBoe/7
BAcy orF AesrE -
s 4 /
Jorieur Aem = Szl = G55
% o f_‘i, < Fd/Z(F I ) BT AN /S AEEAT
4 Rl 50 a .
FORCE l0 ERCH FELLIT el 46.26’ (.59 = 75/ )
/57 — -\
5) /-,;7 5,1/ -51 /2:') .
/RE7

/é?: /A/ &

"/‘F—

L e

I EFTL

é () -~ ,:f‘ -~
STOR FL i DE S CUE ST (P
A P S
Tl L5 7 JEASIOE ST, T EE, G L M,
£5,00.0 PUi)
G/C_: - #‘/ '//(‘ / ff.{'(‘;/»‘
= 62X N G f=r

lf/('///)f,"*y jfc/,.’r;/{/

e

fe2 x r’w]l}

ij’;’f Vel



SHEZT NOC. ..

JOB NO.

Loao

L ONCSI TN 2t

IS U EBSE Lr
SSSANE DT AEONT LRCE ASSATE ) FEOoTT (Fol T TALSE
B oF SOl TS TOTe L ROLTE B T Tl
s
2 P I e
POz r AlEsr = 5.5
. D TE ) i P S
FORCE I E BT 5;;74.../" 2 g G
2.0 /6. Y -
X /2 TITT - Loz K
e (S) = /&, fz - 7
5.5 D
27, /7
Force  fsuzer Moo= 25,8 7 <
é’/z"‘

707 #re
25,77 (. /7/,0)

W

ALLdls -
<55/ Can U ) //j ),/
SHELLT
oL . . 4
/1556 AR AR
e S0.Z/
= ( { Z:‘;g —_—
SHAEALAT S Lol = so- 57 2. 5 P
’ = L AE2
o sez  ArsC SPECS
o2 BLIRO7 (LZalTS A 2EO, o0 = /& Fy < S, o
CHAMGE T 7 o= 55,&(0 - LG Fu
Fr T 550 -(/,éx 5,>£> . 7 'f—/-'ic
CGps

TEUSILE STEEVG TH 2F RBoerl = 76-7 (568~ 21.5

S THALIAL]S FLTE /,5
LG ) T DA

J./j//dC,?
SAME A4S ARrou =

2
P55 o r pooar saz

Co) O~ BOL -
? & S SO

1A

ASScept E
- /Z STRC I CiesTEIDT )

o

s EAT

S BLT
~

o A
[

SoriE T O s s . =
/’Ofé“t Vo ﬁao 7 SEoCT T ~ <
16 Tl 25 = >(3.‘??'"')>’ 2 F (C,f} \/
/(;’?L) ( /) — 7 47,<: P
J, > ]_, = < G / ~
25 T.38¢€
— ) . — 13. 46 - ¢
vl MANx Sl s s g2 02
. IERNE
T BT 12, &5 730'9" o
- [ <
JayEr Ry, S ] 3 e, 0. PR Fie
ot TA ST TG
~
: o
Lslr &5 AL gy e 2% ]
T I 27, &
I4¢ ?”_ -
"
L?,éij 1"51,'447



oy NICo pareV0/67
CHY.D. BY ..o DATE
‘1 B N H1

# G605 Base ExTtrusion

H

}on

5

[
I,
.

e e

<+
™
N J
: |
Existing 78"¢BOH5 'i




i7 o5
HIGHWAY DEPARTMENT OFFICE MEN@P{\ DM
/%y Un T
TO: E. F. Perkins, Chief Bridge Designer /j7 be <l§Z)E§

FROM: R. L. Merchant - Bridge Division \/"(”:,7/1/7

DATE: December 15, 1967

SUBJECT:  Railing Aachor Bolts

We have investigated the anchor bolt stresses for 1965 AASHO loading conditions
using both the SB-5G and the SB-R1 base plates.

Using the SB-5G bolt layout (4 bolts) the maximum load per bolt is 27.2 kips.
The allowable load on a 7/8" A307 bolt is 6.2 kips using working stresses and
25.4 kips when using minimum yield strength criteria. Therefore, it does not
appear feasible to use the present anchor bolts when changing to the 1965
loading conditions.

Using the SB-R1 bolt layout (S5 bolts) the maximum load per bolt is 13.5 kips.
The stress in a 3/4'" upset end bolt is 30.5 ksi and in a 7/8" bolt (root of
thread) it {s 29.2 ksi.

Recommend that either 7/8" galvanized A225 45 bolts or stainless steel HS bolts
be installed ss vhe three (3) front bolces (under face of rail) when coavarting
existing raLl installations to SB-R1l railing.

RLM: pmp - -

[ cc: Archie McQuesten (w/a)

HD-296A 40M 9.66



HIGHWAY DEPARTMENT OFFICE MEMORANDUM

TO: R. H. Arnold, Chief Engineer VIA: E. H. Stickney
FROM: L. M. Bjorn, Bridge Engineer /?7444;%U¢/

DATE: April 8, 1968

SBY T Bridge Railing Anchor ﬁolts

Background information on a report by A. B. McQuesten dated March 20, 1968
titled "A Report on Bridge Rail ing Anchor Bolts', is as follows:

Plans for the Derby I 91-1 (22) project provided for removal of the cast aluminum
railing posts and the installation of our present standard continuous rail with
exttuded posts. Present AASHO railing loads would cause overstress in the exist-
ing anchor bolts, The old post had four (4) bolts, while our present .post has
five (5) bolts in a larger group.

To install the new bolts in the existing concrete required a new concept, which

we felt would be best provided by a bolt grouted into a drilled hole. A satis-

factory grouting system was not readily apparent, so we asked the Laboratory for
their recommendations.

After the tests using discarded test beams showed poor results, we developed an
extensive program using larger reinforced blocks. The cost of this program was
estimated to be $ 3,000 and no funds were found to be available to support this.
As Mr. McQuesten notes a few blocks were made, but these apparently were not
adequately reinforced and failed early giving inconclusive results.

The selection of a satisfactory grouting system cannot be made from our tests
to date. It is our feeling that such should be determined for use in reconstruc-
tion projects and by maintenance personnel.

We recommend that a testing program be funded which would yield more conclusive
results and the Laboratory authorized to carry out the program. If they feel
the program to be beyond their capability, an arrangement should be made with
one of the Universities.

_LMB:RIM: pm

cc: A, B. McQuesten

HO-296A 20M 7-67





