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I. Introduction 

This report describes the instrumentation and load test ing of 

two d i f ferent  armored expansion jo in ts .  The purpose o f  the tests was 

t o  shed l i g h t  on factors re la t ing t o  the design o f  armored jo in ts ,  

and more specif ical ly, t o  determine whether e i ther  o f  the two subject 

j o i n t s  was underdesigned o r  overdesigned. No such tests were 

planned as part o f  the overall research. Hence, the author was 

forced t o  conduct t h i s  port ion o f  the research under severe l i m i t a -  

t ions and the results and conclusions are presented i n  that  l i g h t .  

One armored j o i n t ,  hereinafter referred t o  as the Klockner 

Road j o i n t ,  was fabricated and insta l led according t o  the design and 

ins ta l l a t i on  methods proposed by the Division o f  Research and Develop- 

ment. (Complete detai ls are provided i n  the main f i n a l  report, 

"Preformed Elastaneric Jo int  Sealers f o r  Bridges . . . Phase I.) The 

j o i n t  i s  located over the center p ie r  of the Klockner Road Bridge, 

1-295, Section 70 and 8A and provided a comparison o f  actual structural  

behavior wi th the theoret ical ly predicted behavior. O f  the two jo in ts ,  

t h i s  one i s  the only one for which the design rat ionale i s  known. For 

t h i s  reason the report focuses mainly upon the Klockner Road jo in t .  

Because no design information regarding the second armored 

j o i n t  was provided, the author could not i n t e l l i g e n t l y  select c r i t i c a l  

locations f o r  s t ra in  gages. And because o f  the funding l imi tat ions,  the 

author could not af ford t o  i n s t a l l  nunerous gages on the j o i n t .  There- 

fore, discussion o f  t h i s  j o in t ,  located a t  the center p ie r  o f  the 

Cypress Lane Bridge and hereinafter referred t o  as the Cypress Lane 

j o i n t ,  i s  rest r ic ted t o  sane very l i m i t e d ,  but s ign i f icant  comnentary 

and analysis. 
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11. Klockner Road Armored Jo int  

A. Instrumentation 

1. Strain Measuring - Figure 1 i s  a plan view o f  the 

Klockner Road Bridge, i n  which i s  shown the locat ion o f  the experi- 

mental armored j o i n t  and the instrumented section. Figure 2 shows a 

cross-section o f  one side o f  that  armored jo in t .  The anchorage bars 

shown were used throughout the length o f  the j o i n t  wi th modification 

o f  four adjacent bottom bars a t  one location. Figure 3 shows the 

modif icat ion t o  those bottom bars, as well  as the locations o f  s t ra in  

gages, and the placement o f  foam rubber. The foam rubber extended 

several feet  beyond t h i s  instrumented area t o  duplicate the "worst 

case" assumption u t i l i z e d  i n  the j o i n t ' s  design. This assunption was 

that, through one means o r  another, the armament may eventually lose 

support by the deck concrete that  interfaced w i th  the armament. 

such a case, the armament would " f l oa t "  on i t s  anchorage bars alone, 

I n  

thereby transmitt ing f u l l  load d i r e c t l y  i n t o  those bars. 

The modification t o  the 4 bottom bars was implemented f o r  

the purpose o f  determining the magnitude o f  ver t ica l  load that  the 

bottom bars receive. Hence, load i s  transferred from the armor t o  the 

bottom bars v ia  the 3/4 X 3/4 inch load-transfer bars. Such loads 

were i nd i rec t l y  measured by use o f  s t r a i n  gages mounted on the load 

transfer bars. Bending and axial  strains were also d i r e c t l y  measured 

i n  the two top anchorage bars that  fastened t o  the armament i n  the 

same 1-foot section as the modified bottom bars. Since the anchorage 

bar spacing pattern repeated every foot  throughout the length of the 

j o i n t ,  the instrumentation o f  each bar wi th in  a one foot  section 

provided information that i s  considered generally representative of 
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F IGURE 2 
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any other 1-foot por t ion o f  the j o i n t .  

The s t r a i n  gages used are e l e c t r i c a l  resistance type gages 

tha t ,  when used under laboratory conditions, w i l l  measure s t ra ins  of 

as l i t t l e  as a few micro-inches per inch. 

one m i l l i o n t h  o f  an inch.) There are several factors, which w i l l  be 

discussed l a t e r ,  tha t  inf luence and reduce o v e r a l l  accuracy o f  s t r a i n  

readings under f i e l d  conditions. The s t r a i n  gages were selected on 

the basis o f  t h e i r  a b i l i t y  t o  provide both dynamic and s t a t i c  s t ra ins,  

bu t  p r imar i l y  on the basis o f  physical s i t e  requirements and a 

severely 1 i m i  ted budget. 

equipment were laboratory tested and ca l ibrated f o r  use i n  reading 

the s t r a i n  gages; on ly  two were used during f i e l d  tests. 

(One micro-inch = lu - inch  = 

Three d i f f e r e n t  pieces o f  s t r a i n  ind ica t ing  

For measurement o f  s t a t i c  s t ra ins,  a Baldwin s t r a i n  ind ica tor  

was used. This device, though very old, provided continuously 

r e l i a b l e  readings during the f i e l d  tests.  

operates on the pr inc ip les  o f  wheatstone bridge c i r c u i t r y  w i th  a h igh ly  

sensi t ive galvonometer capable o f  detect ing extremely small c i r c u i t  

imbalances due t o  resistance changes. 

for tunate and thankful t h a t  they could borrow the ind ica tor  from the 

Department o f  C i v i l  and Environmental Engineering o f  Rutgers Univers i ty  . 
It was found tha t  none o f  the Div is ion 's  equipment could provide s t r a i n  

data w i th  comparable accuracy. For measurement o f  dynamic s t ra ins,  a 

s t r ip -char t  Visi-corder was used. No fu r ther  descr ipt ion o f  t h i s  

equipment i s  warranted since f i e l d  tes ts  y ie lded no measurable dynamic 

s t ra ins  . 

I n  general, the device 

The Div is ion o f  Research i s  very 

2. Loading - As i t  happened, loading was a major problem, 

no t  because of cost l im i ta t ions ,  but because o f  imprac t ica l i t y .  The 
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v i r t u a l  impossi b i  1 i t y  o f  the armament ever i n c u r r i n g  the actual  

design loads w i l l  be discussed i n  the analysis.  The methods of 

loading as here ina f te r  described were se lected e s s e n t i a l l y  because 

they were the  l a r g e s t  loadings achievable w i t h  e x i s t i n g  means. 

The load vehic le  was the  l a r g e s t  tandem-axle dump t ruck  owned by 

the  Department. The t ruck  was f u l l y  loaded. The tandem-axles 

c a r r i e d  we l l  i n  excess o f  30 tons. 

was dr iven across the armored j o i n t  a t  15-20 mph. 

the  walking-beam ax le was pos i t ioned above t h e  load p o i n t  and the 

t r u c k  was h y d r a u l i c a l l y  ra ised  from the  deck. Three d i f f e r e n t  s ize  

load d i s t r i b u t i o n  p la tes were successively placed beneath the jack.  

F igure 4A shows the p la tes,  w i t h  the l a r g e s t  i n  an inver ted  pos i t ion.  

A 4-inch p l a t e  was used t o  provide a "po in t "  loading. 

2- foot  long p la tes  were used t o  provide l i n e - l o a d  d i s t r i b u t i o n .  

1 oad magni tude was accurate ly  cont ro l  1 ed by a ca l  i brated pressure 

gage i n s t a l l e d  i n - l i n e  w i t h  the hydraul ic  j a c k i n g  equipment. (Figure 

48) 

Not ice from Figure 4C t h a t  the load was appl ied e n t i r e l y  t o  the a n a -  

ment on ly  and n o t  onto the concrete, o r  the o ther  s ide  o f  the j o i n t .  

For dynamic loading, the t ruck 

For s t a t i c  loads, 

One-foot and 

The 

Stra ins were measured under a " f u l l  load" o f  28,000 pounds. 

B. Data Analysis 

1. Genera7 

Before g e t t i n g  i n t o  the  analysis,  a few statements w i l l  serve 

t o  s e t  the format f o r  the  analysis.  Overa l l ,  t h e  data probably r a i s e s  

more questions than i t  answers, These load t e s t s  were never planned 

as p a r t  of any research. The magnitude o f  t h i s  t e s t i n g  phase was 

abso lu te ly  minimal s ince there  simply was no money a v a i l a b l e  t o  do the  
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FIGURE 4 A  

LOAD DISTRIBUTION 
PLATES 

FIGURE 4 8  
HYDRAULIC LOADING 
EQUIPMENT WITH 
PRESSURE GAGE 

FIGURE 4C 
HYDRAULIC JACK 
IN POSITION 
ATOP ARMAMENT 
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manner. As i t  was, ava i lab le  funds were spent 

r e l y  on t h e  e l e c t r  c s t r a i n  gages and t h e i r  i n s t a l l a t i o n s ;  a l l  

o t h e r  equipment was borrowed. 

o f  t h i s  work are very sketchy. 

p rov id ing  more i n  the way o f  ind ica t ions  than facts .  

Hence, as i t  w i l l  be seen, the  r e s u l t s  

Some trends and g e n e r a l i t i e s  evolve, 

Figures 5 and 6 present the data from Klockner Road s t a t i c  

l o a d  tes ts .  I n  these f igures ,  p l o t s  A and B represent the measured 

a x i a l  load i n  each o f  the two instrumented top  bars. P lo ts  C, D, E, 

and F show the  s t r a i n s  measured i n  each o f  the 4 load- t ransfer  bars. 

Review of F igure 3 shows t h a t  these 6 p l o t s  have been arranged 

such t h a t  they are i n  the  same posi t ions,  r e l a t i v e  t o  each other, 

as the  s t r a i n  gages are a c t u a l l y  mounted on the  s t ructure.  This i s  

t o  a s s i s t  the  reader i n  understanding where the data was measured. 

Resul ts shown i n  Figure 5 are from the 4-inch loading p la te .  

s u l t s  i n  Figure 6 are from the 12-inch load d i s t r i b u t i o n  p la te.  What 

few data were taken using the 24-inch d i s t r i b u t i o n  p l a t e  appears as 

"*" denotations i n  the  p l o t s  o f  Figure 6. 

Re- 

A l l  o f  the p l o t s  are fashioned a f t e r  the concept o f  inf luence 

l i n e s  i n  t h a t  they p l o t  the  s t r a i n  o r  load i n  a p a r t i c u l a r  member as 

t h e  loading p o i n t  moves t o  d i f f e r e n t  pos i t ions  atop the j o i n t .  The 

arrow drawn on the  abscissa ind ica tes  the l o c a t i o n  of the load-  

car ry ing  member i n  which the ind ica ted  s t r a i n s  o r  loads were measured. 

The footage ind ica ted  along the  abscissa always uses the  same reference 

p o i n t  as the  o r i g i n ,  i.e., the top anchorage bar on which gages B l l  

and #12 a r e  mounted. 

To begin the  discussion, i t  should be r e a l i z e d  t h a t  one of the 

pr imary concerns was the  magnitude o f  the v e r t i c a l  load t ransmi t ted 
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i n t o  the bottan anchorage bars. P lo ts  C through F provide this 

information since they a r e  p lo ts  of s t r a i n s  t h a t  were measured i n  

the vertical ax i s  of the load-transfer bars. In p lo t  C a r e  shown 

the separate  results of gage 11 and gage 82. 

opposi te  sides of  the bars. 

ax i a l  stresses a re  measured. The heavy line connecting the circles 

is the average o f  the two gages. 

load taken by the load t r ans fe r  bar. 

p l o t  C ,  b u t  i t  represents gages 85 and 16.  Plot  D shows the r e s u l t s  

o f  gage 14; gage 83 was apparently destroyed a f t e r  i t s  in s t a l l a t ion .  

Therefore, the average ax ia l  load i n  t h a t  load-transfer bar cannot 

be determined w i t h  accuracy, 

Its mate, i.e., gage #7, was inoperational dur ing  the tests. Further- 

more, gage #8 exhibited a constantly d r i f t i n g  ttterOtt point.  T h i s  

made i t  d i f f icu l t  t o  obtain accurate  s t r a i n s  i n  this load-transfer 

Gages were mounted on 

Hence, bending stresses a s  well a s  

I t  represents the average axial  

P lo t  E i s  much the same as  

P lo t  F again shows only one gage (88). 

bar.  

2. Concentrated Loads 

Referring t o  Figure 5C, it is  seen t h a t  when 

load i s  almost d f r ec t ly  above bar C the s t r a i n  magn 

O f  course, this is expected. Notice how the s t r a i n  

the concentrated 

tude is l a rges t .  

drops o f f  rapidly 

a s  the load moves t o  one side o r  the other  of  this bar. There is  

a l s o  a s l i g h t  lack of symnetry of  the average s t r a i n  curve about 

ve r t i ca l  a x i s  C-C. Idea l ly ,  there should be almost perfect synmetry, 

b u t  i t  is c l e a r  t h a t  the s t r a i n s  i n  Bar C are higher a s  the load moves 

t o  the r i g h t ,  than when the load moves t o  the left  of  Bar C. T h i s  

ind ica tes  t h a t  the load-transfer bars  a r e  supporting s l i g h t l y  less 

load than the regular anchorage bars.  ( T h i s  indicat ion will be 

confirmed later i n  the discussion.)  Notice a l s o  that the bending 
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stresses reverse a s  the load moves across bar C,  a perfectly normal 

phenomenon since deflect ion of the armament would induce a bi-axial  

bending moment i n  load-transfer bars. A t  a dis tance of about 2 

feet from bar C ,  the axia l  s t r a i n  has nearly dropped t o  zero,  

although there i s  s t i l l  some bending stress exhibited.  I t  is pointed 

out  t h a t  bending stress i n  the load t ransfer  bars can a l so  be caused 

by non-uniform support beneath the bottom anchorage bar. This would 

give a twisting condition i n  the anchor and consequently a bending 

stress i n  a t r a n s f e r  bar. While l i t t l e ,  if  any, of the bending shown 

i n  p lo t  C is probably due t o  such a condition, Figure 5E may be a 

good example o f  i t .  

Figure 5E represents the s t r a i n s  i n  bar E a s  the concentrated 

Considering only the average s t r a i n  load moved t o  various posi t ions,  

curve (axial  load) ,  the data  spell out  a ra ther  logical performance. 

First, the maximum axial  s t r a i n  occurs when the load is  directly above 

bar E and i t  is  s ign i f i can t ly  l a rge r  than i n  bar C which is explained 

by the f a c t  t h a t  bar E is  centered between two top anchors, whereas 

bar C is only 2 inches from a top bar. As the load moves 6 inches t o  

either side of bar E,  the axia l  s t r a i n  i n  bar E drops of f  s ign i f i can t ly .  

However, the bending stresses de f in i t e ly  d i d  not reverse, and they 

remained f a i r l y  la rge ,  a s  shown by the dis tance between the upper and 

lower curves, indicat ing the probabi l i ty  o f  the aforementioned non- 

uniform support condition. Another in te res t ing  point is t h a t  bar E 

went i n t o  a s l igh t ly  tensile condition a s  the load moved about 3 feet 

away. Although gage R6 seemed t o  behave r a t iona l ly  throughout the day 

of  testing, spot  tests during the following day yielded vas t ly  

different results from gage 16. The repea tab i l i ty  of gage #5 was 

f a i r ,  b u t  that o f  gage t 6  was poor. Based on the overal l  results of 
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gages 85 and 8 6 ,  it i s  fe l t  t h a t  the general magnitude of ax ia l  

strain i s  a good "ballpark" figure, b u t  the indicat ion of l a r g e  

bending stresses is probably exaggerated. The axial  stresses a r e  

o f  primary concern. 

P lo t  D shows the s t r a i n s  obtained from one side of  load- 

t r ans fe r  bar D. Notice t h a t  the s t r a i n s  follow the same general 

trend a s  i n  P lo ts  C and E. The maximum s t r a i n  occurred a s  the con- 

centrated load was 4 inches t o  the r igh t  of bar D, i.e. located 

c e n t r a l l y  between two top  bars. As the loadmoved 2 inches t o  the lef t  

of bar D,  1.e. c loser  t o  bar D,  b u t  above top bar A ,  the s t r a i n  

dropped o f f  a small amount, indicat ing the r o l e  t h a t  the top  bars  

assume i n  taking some load d i r ec t ly .  

s t r a i n  i n  bar 0 ( i .e .  results from gage #3) l i t t l e  more can be said 

except t h a t  a s  the load moved t o  dis tances  g rea t e r  than 1 f o o t  from 

bar D, the s t r a i n s  i n  bar D were minimal. Moving t o  p lo t  5F, a 

s imi l a r  s i t u a t i o n  is presented. 

Without having the average 

P lo t  F shows the s t r a i n  da ta  from gage #8 which was mounted 

on bar F (see Figure 3). Although the data  follow the same general 

t r e n d  a s  obtained on the other  t r a n s f e r  bars ,  some question remains 

concerning the accuracy of the data.  As was previously stated, gage 

R8 exhibi ted a constant ly  d r i f t i n g  "zero" point.  The effect of  this 

was minimized by taking ''load" and "no-load" readings w i t h  a s  l i t t l e  

elapsed time a s  possible between readings. T h i s  was an e f f e c t i v e  

so lu t ion  a s  ver i f ied  by exce l len t  r epea tab i l i t y  checks (taken during 

the following day). However, the cause o f  this d r i f t  i s  not known, 

and neither a r e  the effects of this disorder  upon the data. 

general t h e n ,  i t  is seen t h a t ,  1. a s  the load moved away from bar F, 

the s t r a i n s  i n  bar F dropped off rapidly,  and 2. the magnitude of 

In 
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load taken by a bottom anchorage bar tha t  i s  close t o  a top anchorage 

bar i s  subs tan t ia l l y  less than i n  those bottom bars tha t  are mid- 

way between two top bars. This concludes the ind iv idual  analyses o f  

the bottom bars under the "concentrated" loading condition. 

proceeding t o  the  12-inch load d i s t r i bu t i on ,  the two instrumented 

top bars sha l l  be discussed. 

Before 

Figure 5A shows the ax ia l  loads incurred by top bar A. The 

data was p lo t ted  i n  t h i s  manner because the r e l a t i v e l y  large bending 

s t ra ins  i n  these members would have obscured the important aspect 

of the  data; namely, the amount and d i rec t ion  o f  force tha t  these 

bars undergo. The o r i g i n a l  design loadings indicated tha t  these 

bars would act i n  tension, and therefore would contr ibute t o  the 

ve r t  ca l  load transmitted i n t o  the  bottom bars. 

d ica es t h a t  under the s t a t i c  loading conditions, the opposite i s  

t rue,  i.e. the top bar A ac tua l l y  i s  i n  compression and assists the 

bottom bars i n  carrying ve r t i ca l  load. The reason f o r  t h i s  apparent 

cont rad ic t ion i s  not due t o  unexpected behavior o f  the j o i n t .  The 

actual load conditions simply are nothing l i k e  the design loads. 

Spec i f i ca l l y ,  the horizontal force tha t  was used i n  the design i s  

v i r t u a l l y  nonexistent w i th  the s t a t i c  loads, which essent ia l ly  con- 

s i s ted  o f  v e r t i c a l  load only. This aspect (loading) w i l l  be discussed 

i n  more d e t a i l  l a t e r  i n  t h i s  report. 

- 

Plot  A c lea r l y  i n -  

Referr ing t o  p l o t  A, i t  is'seen tha t  the ax ia l  load i n  bar A 

i s  la rges t  when the load i s  d i r e c t l y  above the bar. Also, the load 

taken by bar A drops o f f  by 80% t o  100% as the t e s t  load moves only 

1 f o o t  away, above adjacent top anchorage bars. 

when the  t e s t  load was centered between bars A and B, the load i n  bar 

Notice too, t h a t  

- -__ 
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A dropped by one-half, 

centered symnetrically between supporting systems, i .e. the supporting 

system on one side of the load is a mirror image ( i n  a s t ruc tura l  

sense) of the system on the other  side of the load, then each side will 

respond t o  the load i n  precisely the same manner. Hence,.in p lo t  A,  

when i t  is seen t h a t  the s t r a i n  i n  a top bar drops by 80% t o  100% as  

the load moves atop an adjacent top bar,  i t  is expected t h a t  the s t r a i n  

will drop by 40% t o  50% when the load is centered between top bars. 

Such act ion is  shown i n  P lo t  A. Notice the exce l len t  repea tab i l i ty  

t h a t  was obtained fo r  this pa i r  of gages. 

t o  evaluate  the performance of the two top  bars simultaneously. 

In an - ideal structure, when the test load i s  

I t  i s  a l so  very interesting 

Plot B snows Bar B t o  be i n  a s l i g h t  tensile s t a t e  (close t o  

zero load) when the test load i s  above Bar A. When the test load 

moved above Bar 8, this bar incurred i ts  l a rges t  axial  s t r a i n s ,  while 

Bar A axial  s t r a i n s  went in to  a s l igh t ly  tensile o r  zero s t a t e .  When 

the tes t  load was centered between the two top bars ,  i t  is seen 

t h a t  they "shared" the load. Logically, Bar B shared a l a rge r  port ion,  

since Bar B incurred a subs tan t ia l ly  l a rge r  s t r a i n  by comparison t o  

Bar A when the test load was directly above each of those bars,  

respect ively . 
Bar B seems t o  bring out a very interesting point concerning 

a l l  of  the data  i n  general. Notice how the repea tab i l i ty  checks fo r  

Bar B vary. One o f  them was very close,  whereas the other  wasn't 

c lo se  a t  a l l .  

"touchy." I t  was very l a rge  under direct load ( la rge  by comparison 

t o  bar A ) ;  then i t  dropped t o  a small tensile load. And a s  the test 

load moved progressively f a r t h e r  away, the axial  load i n  Bar B d idn ' t  

Notice a l s o  how the axial  load i n  Bar B seems t o  be SO 
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just ride a t  zero; i t  incurred t iny  f luc tua t ions  i n  load. 

s t rongly f e l t  t h a t  this sensitivity has nothing t o  do w i t h  the 

s t r a i n  gages. 

the use of  such gages. They a r e  very accurate  ind ica tors  o f  s t r a i n .  

In this experiment, some gages were found t o  be f a u l t y  and they 

are  so denoted. 

and together ,  they point out  the uncontrolabi l i ty  of the o ther  aspects  

o f  field tests, i .e. load var ia t ion o r  non-uniform support  from point  

t o  point and o ther  t h i n g s  which will be discussed l a t e r .  

proceeding t o  the p lo t s  i n  Figure 6 ,  a brief check on the s t r a i n s  

shown i n  Figure 5 may shed more l i g h t  on the j o i n t  behavior during 

t e s t s .  

I t  is 

T h i s  feeling is based on substant ia l  experience w i t h  

The others  a re  providing true and accurate  s t r a i n s ,  

Before 

I t  was previously s t a t ed  t h a t  there are indicat ions t h a t  the 

modified bottom anchorage bars take less load than the regular  bottom 

bars ,  although the differences may be small indeed. An attempt was 

made t o  compare the to t a l  of  the loads measured i n  the various anchorage 

bars w i t h  the value of the test load. The various p lo t s  of Figure 5 

ind ica te  t h a t  s t r a i n  levels i n  a l l  bars become negl igib 

dis tance of 2 feet t o  3 feet from the load point.  T h i s  

bas i s  f o r  the following analysis .  

I t  was assumed t h a t  i f  a l l  bottom bars  were mod 

e beyond a 

formed the 

fied, and if 

the s t r a i n s  i n  a l l  anchor bars within 3 feet o f  the test load were 

measured simultaneously, the results measured a t  a d i s tance  from the 

load would be the same a s  the results t h a t  were ac tua l ly  obtained from 

the 1 foot  instrunented j o i n t  sect ion a s  the test load was applied a t  

the same respect ive distance.  By to t a l ing  a l l  o f  the loads obtained 

i n  this manner, about 21,000 pounds were accounted f o r  (75% of the 

test load). The question, therefore ,  is where the o ther  7,000 pounds 

were absorbed. 
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Certainly only a very small amount of weight went undetected 

due t o  inaccuracies of the s t r a i n  gages. The load-transfer  bars 

provided an accu ra t e  accounting f o r  ver t ica l  loads transmitted i n t o  

two of the bottom bars. The o ther  two instrunented bottom bars leave 

considerable doubts of accuracy, b u t  the average figures that  were 

used should be c lose  t o  correct .  Although care  was exercised dur ing  

construct ion t o  assure  the "f loat ing" condition of the armor, there 

was a small point  of contact  between concrete and the armor, although 

i t  was about 4 feet from the loaded areas.  

involved through every step of construction and special  instrumentation 

t h a t  re la ted  t o  this j o i n t ,  i t  i s  the opinion o f  the author that the 

unmodified bottom anchorage bars  car r ied  this ex t ra  load. As the test  

load was i n  the i n e d i a t e  v i c in i ty  of  the modified sec t ion ,  s l i g h t l y  

more load was d i s t r ibu ted  t o  the unmodified bars.  And as  the test  load 

moved above the regions t h a t  were not modified, these regions may have 

been s l igh t ly  more r i g i d  and therefore  car r ied  s l i g h t l y  more load 

proportionately.  T h i s  would effectively decrease those stresses t h a t  

were simultaneously measured i n  the modified sect ion.  In  sumnary, i t  

may be estimated t h a t  i f  the load could be measured f o r  the anchorage 

bars  where no modified bars ex is ted ,  those loads may exceed the loads 

shown i n  Figures 3 and 4 by a few hundred pounds, a t  most. 

concludes the separate  ana lys i s  of  Figure 5. 

of  the same trends and effects a s  Figure 5 ,  bu t  it is  a l so  interesting 

t o  compare the results obtained by use of the 12 inch d is t r ibu t ion  

p l a t e  t o  those of the concentrated load. 

Having been directly 

T h i s  

Figure 6 possesses several  



3. Distributed Loads 

As one compares p lo t s  A th rough F i n  Figure 6 t o  the respect ive 

p l o t s  i n  Figure 5,  i t  is seen t h a t  s t r a i n s  obtained w i t h  the 12 inch 

d i s t r ibu t ion  p l a t e  a re  general ly  smaller than those from the con- 

centrated load, although a few questionable circumstances ex i s t .  

Beginning w i t h  p l o t  6C, gages 61 and 62 on load-transfer bar 

C demonstrate remarkable s imi l a r i t y  t o  Figure 5C. The sharp stress 

reve r sa l ,  a s  well a s  the asymnetrical nature of the curve about bar C ,  

a r e  c l ea r ly  shown. Repeatabil i ty checks were a l l  very good. The 

magnitudes of the s t r a i n s  were less i n  p lo t  6C than i n  p lo t  5C, which 

would be consis tent  w i t h  the idea t h a t  the load is now d i s t r i b u t e d  

more uniformly t o  other  load-carrying bars. 

maximum load i n  p lo t  6C dropped (from 5C) by about 33%, it  is  

indicated t h a t  a s  the test load was placed as ide  o f  bar C, the s t r a i n s  

i n  bar C were about the same f o r  both the 12 inch and the 4 inch 

d i s t r ibu t ions .  

the "peak" s t r a i n s  a s  the load is more widely d is t r ibu ted .  

mentioned t h a t  s t r a i n s  and loads obtained from the 24 inch d i s t r ibu t ion  

p l a t e  a r e  shown i n  Figure 6 and denoted a s  "*". Although discussion 

of  these data  will be elsewhere presented, suffice i t  t o  say t h a t  the 

"level ing of f"  of s t r a i n s  is  further supported. 

Notice t h a t  whereas the 

In essence, this is  indicat ing the disappearance of 

I t  i s  

Figure 6E exhibits the same cha rac t e r i s t i c s  a s  6C i n  the sense 

t h a t  the behavior o f  gages #5 and 86 repeats a s  the loading changes 

from the 4-inch plate t o  the 12-inch plate .  

p l o t  5E, a s imi la r  asymmetry is exhibited.  And, a s  i n  the comparison 

of  p lo t s  C ,  the peak s t r a i n  magnitude i n  p lo t  6E is lower t h a n  i n  

Comparing p lo t  6E t o  
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p lo t  5E, while the o ther  s t r a i n s ,  measured a s  the test load moved a s ide ,  

were very comparable between the two p lo ts .  Again, the d iss ipa t ion  of  

the peak i n  favor of l a rge r  s t r a i n s  i n  o ther  anchorage members is 

demonstrated. 

reveals  the same trend. 

Comparison of the s t r a i n s  i n  p lo t  6D w i t h  those i n  5D 

Looking a t  a l l  of the p lo t s  i n  Figure 6 i t  may be s t a t ed  that 

the w i d t h  o f  effective d i s t r ibu t ion  of load is about 3 feet t o  each 

side of the load. 

s t r a i n s  were measured. 

Beyond tha t  dis tance from the test load no s ign i f i can t  

Final ly ,  i n  discussion o f  the l z  i n c h  load d i s t r ibu t ion  p lo t s ,  

refer to plo ts  6A and 6B which show the axia l  loads i n  the top anchorage 

bars A and B respectively. The results o f  plo t  6A a r e  somewhat con- 

fusing. 

their r epea tab i l i t y  checks, they too exh ib i t  the same cha rac t e r i s t i c s  

a s  their counterparts i n  Figure 5. Axial s t r a i n  i n  the bars  c l ea r ly  

peaks when the test load is  directly centered above them. Then i t  drops 

by roughly 50% as  the load is  centered between the two top  bars. Then 

i t  drops t o  nothing a s  the load is centered on the adjacent top  bar. 

So i n  general ,  i t  has been shown t h a t  the 4-inch load p l a t e  

But i n  general ,  when the two p lo t s  a re  considered, along w i t h  

gives about the same result as the same load d i s t r i b u t e d  over 12 inches. 

The armored j o i n t  senses the 4-inch load condition a s  a concentrated 

loading. 

the j o i n t  s t i l l  senses i t  a s  a fa i r ly  concentrated load. T h i s  is 

pa r t i cu la r ly  true of the top anchorage bars as  demonstrated i n  the 

preceding paragraph. 

disappear and more load i s  picked up by immediately adjacent areas  Of 

Figure 6 ind ica tes  t h a t  when the 12-inch load p l a t e  is used, 

For bottom bars,  the peak s t r a i n s  begin t o  
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the  j o i n t .  This po ints  out  the e f f e c t  of anchorage bar spacing. The 

bottom bars are so close t h a t  they share the load i n  a fa i r l y  uniform 

manner. 

Top bars do no t  e f f e c t i v e l y  share load t o  other top bars t h a t  

are not  i n  the imnediate loading area. This would seem t o  present 

a contrad ic t ion because the only  way t h a t  adjacent bars can share the 

load i s  through the de f l ec t i on  o f  the j o i n t  armament. One may ask how 

the armor could de f l ec t  on the bottom without def lect ing a t  i t s  top. 

But actua l ly ,  a look a t  Figures 5 and 6 shows t h a t  although s t ra ins  

are detected up t o  3 f e e t  from the  t e s t  load, the only sizeable s t ra ins  

are w i th in  a f oo t  o f  the loading. This matter o f  "Sizeable" s t ra ins  

leads i n t o  the discussion o f  the tes ts  conducted w i th  the 24-inch 

d i s t r i b u t i o n  plate. 

The s t ra ins  obtained w i th  the 24-inch p la te  are shown denoted 

as "*" i n  Figure 6 and were o f  a very low leve l  -- often 30 micro- 

inches or less. 

measuring equipment, the percentage o f  e r ro r  i n  such small s t ra ins  may 

be la rge  because o f  other conditions, mainly a t t r ibu ted  t o  imperfect 

loading and non-uniform load d i s t r i bu t i on .  

t o  detect spec i f i c  patterns. But one po in t  stands out q u i t e  c lear ly ;  

namely, t h a t  the s t ra ins  incurred due t o  the 24-inch d i s t r i b u t i o n  are 

very low and ind icate t h a t  under such loading, which happens t o  be the 

same width as a typ ica l  dual t i r e  loading, no anchorage bars receive 

I n  s p i t e  o f  the overa l l  accuracy o f  the s t r a i n  

Hence, i t  i s  d i f f i c u l t  

more than 1,000 pounds o f  load. 

All o f  the preceding analysis o f  Figures 5 and 6 i s  worth 

l i t t l e  unless i t  re la tes  t o  the design o f  the armored j o i n t .  And 

t h i s  experiment was designed, i t  was w i t h  a few basic po ints  i n  m 

The ensuing discussion covers these points. 

very 

when 

nd . 
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4. Discussion of Loadings 

The design of an armored j o i n t  i s  a wide open field o f  endeavor. 

T h i s  f a c t  i s  imnediately obvious t o  anyone who tries t o  design one. 

Even having some firm conviction of the reasons t h a t  an armored j o i n t  

may be necessary, the designer i s  hard-put t o  f i n d  any spec i f ica t ions  

t h a t  will provide loadings tha t  will truly be applicable t o  the s i tua t ion .  

Hence, one point  of interest is the comparison o f  the test load w i t h  

the design loads. The approach i s  not simply t o  evaluate the armored 

j o i n t  on the basis  of  i ts  behavior under the test load and t h e n  t o  

p ro jec t  i t s  behavior on the basis of comparison of the test load and 

the design load. In this case, the design loads themselves form the 

bas is  f o r  argument. 

In the design of the anchorage f o r  the subject armored j o i n t ,  

AASHTO spec i f ica t ions  were consulted. Subsequently, the loads chosen 

f o r  the design were loads f o r  highway bridges. To simplify this 

discussion,  the resu l tan t  design loading was comprised of  ver t ica l  and 

horizontal  line loads,  which were d is t r ibu ted  over a %foot length of 

j o i n t .  

w h i c h  accounted f o r  the "worst load" condition t h a t  could eventually 

In the design of the j o i n t  anchorage, assumptions were made 

occur. 

design, 

design 

and the 

And o ther  assumptions were made f o r  s implif icat ion of the j o i n t  

i.e. t o  render i t  s t a t i c a l l y  determinate. The results of this 

ndicated t h a t  the top anchorage bars would a c t  i n  tension, 

bottom bars would support the re su l t an t  of  this t e n s i l e  load 

i n  addi t ion t o  the full b run t  of the ver t ica l  load. The data  of this 

experiment indicate t h a t  the converse is true, i.e., the top bars a c t  

i n  compression (and bending), thereby as s i s t i ng  the b o t t m  bars i n  Carrying 
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vertical load. This fact would seem t o  indicate a faul t  i n  the design 

approach. B u t  i t  i s  noted t h a t  the design loads are fa r  different 

from the test load, which was almost entirely vertical. 

problem is  not simply t o  revise the design. 

of using the AASHTO loadings must be questioned. 

Hence, the 

In this case, tne v a l i d i t y  

Although these loads are taken as a concentrated line load, 

i n  reality the load would be somewhat distributed due to  the size 

of the tires i n  use. The asumption i s  v a l i d  for bridge design because the 

designer is dealing w i t h  a gross structure t h a t  i s  so large i n  terms o f  

mass and size t h a t  the structure responds in about the same manner 

regardless of the assumption. The structure incurs - a l l  of the loading 

w i t h i n  a proportionately small area of  itself. 

armament, the armor is  long and very slender. 

i t  would be practically impossible t o  incur the full extent of the 

loads t h a t  are comnonly used (and correctly so) i n  the bridge design. 

In reality the edge o f  the design load could be an inch away from the 

j o i n t  armament, and the armor would be under practically no stress 

(unlike adjacent portions of the bridge). On the other hand, the load 

could be centered atop the a m r ,  and the armor would directly receive 

only about 25% o f  the load because the remainder would be distributed 

by the tires t o  the deck slab or the other side of the j o i n t .  

the portion of load t h a t  would be applied t o  the deck would cause i t s  

subsequent deflection and could actually serve t o  reduce the stresses 

i n  the j o i n t  anchors. 

severity of the test loading used i n  these experiments should be examined. 

In the case of j o i n t  

Hence, i t  i s  seen t h a t  

Indeed, 

In light o f  these considerations, the degree of 
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Before any actual  load tests began, i t  was desired t o  check 

out  the sensitivity of  the armament t o  a truck t ire loading, wi thou t  

the benefit o f  any load concentration apparatus. The loading truck 

was parked w i t h  i t s  r e a r  dual tires centered upon the annored j o i n t .  

Together, these tires were supporting about 40,000 pounds. All s t r a i n  

gages were balanced. Most of  t h e m  indicated no measurable s t r a i n  

whatsoever. One o r  two gages indicated s t r a i n s  t h a t  were only barely 

detectable .  In o ther  words, the annored j o i n t  scarce ly  felt the 

effect of the truck tires. T h i s  f i ts  nicely w i t h  the results t h a t  

were subsequently obtained via  the hydraulic jack and loading plates .  

Recalling the ana lys i s  o f  Figures 5 and 6, a s  the load concentration 

went from 4 inches t o  12 inches and then t o  24 inches, the s t r a i n s  

dropped o f f  rap id ly  t o  the extent  t h a t  they became so small ( w i t h  the 

24 inch p la t e )  t h a t  they were diff icul t  t o  a sce r t a in  w i t h  accuracy, 

and hence, d i f f icu l t  t o  analyze. All o f  this demonstrates the non- 

app l i cab i l i t y  of the concentrated loading t o  an armored j o i n t .  The 

armor simply cannot p i ck  up the fu l l  extent o f  the load because i n  

r e a l i t y  the load is  d i s t r ibu ted  t o  o the r  supporting areas .  (Note 

t h a t  i f  the surface area of the armor increases ,  so does the propor- 

t i o n  o f  load tha t  i t  must support. T h i s  i s  a key point i n  se lec t ion  

of the dimensions of the j o i n t  armor). 

24-inch p l a t e  was supplying a t  l e a s t  6 times the amount o f  load t h a t  

a set of dual tires would provide. Hence, the experiment appears t o  

have shed some l i g h t  upon loadings t o  be used f o r  design. Since the 

j o i n t  was designed f o r  ce r t a in  loading, i t s  behavior due t o  that  

loading should be examined. 

In the case o f  our tests, the 
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First, the design load ca l led  f o r  10.0 kips/foot over about 

3 feet. The test load consisted of 28 k ips  d i s t r ibu ted  over 1/3 foot ,  

1 f o o t  and 2 feet. I t  i s  seen t h a t  28 kips /2  feet y ie lds  14 kips/foot 

over  2 feet, which is roughly equivalent to  the design load. 

obtained from this loading never exceeded one-fourth of the theoret ical  

design s t r a i n  f o r  the load t r ans fe r  bars.  

the armament demonstrated by the results of the more concentrated 

loading, i t  is fe l t  t h a t  the low s t r a i n s  a re  due t o  the f a c t  t h a t  when 

the load appl ica t ion  area exceeded the 1 foot  spacing of the top bars,  

the load concentration was s ign i f i can t ly  reduced t o  the point  t h a t  i t  

was d i s t r i b u t e d  by the armor over perhaps a s  much a s  a 6 foo t  length 

of j o i n t .  Based on the f a c t  t h a t  the load approximated the ver t ica l  

design load and the f a c t  t h a t  the highest  s t r a i n s  were about 1/4 of 

the theorec t ica l  s t r a i n s ,  i t  appears t h a t  the approach u t i l i z e d  i n  

the anchorage design i s  good. B u t  based on the results of the exper- 

iment, i t  appears t h a t  f o r  ver t ica l  load, i t  i s  reasonable t o  u t i l i z e  

a loading that  considers maximum t i re  pressure and the maximum area 

of  t i re  t o  be supported. 

anchorage used i n  the experimental j o i n t ,  and f o r  an armament w i t h  

the same r i g i d i t y ,  the load d i s t r ibu t ion  used i n  the design should be 

increased t o  perhaps 4 feet, i .e.,  one foot  t o  each side beyond the 

ac tua l  appl icat ion area of the load. T h i s  concludes discussion of 

v e r t i c a l  s ta t ic  loads,  leaving open the matter of horizontal loads 

and the e f f ec t ive  impact fac tor  due t o  a dynamic load condition. 

S t ra ins  

In view of the r ig id i ty  of 

I t  a l so  appears t h a t  f o r  the spacing of top 

With the ava i lab le  loading apparatus, i t  was not possible  t o  

a t t a i n  a horizontal  load. The design approach was t o  assume that  the 
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horizontal force resulted from t i r e  friction. I t  is f e l t  that the 

approach i s  correct, b u t  again,  the vertical load magnitude, on which 

the friction force i s  based, should be reduced as stated above. 

In regard t o  dynamic loads, tests were conducted a t  speeds of 

about 15 to  20 mph. The same loading vehicle was used as for the 

s t a t i c  tests.  The dynamic strain recording equipment was connected 

to  those gages which were known to be the most accurate and the most 

responsive t o  load. The equipment was first tested by inducing a 

strain on a gage t h a t  was mounted on a steel specimen, and i t  was 

found that the equipment could clearly detect strains of as l i t t l e  as 

10 or 15 micro-inches. The response time of the equipment was well 

w i t h i n  that  required by the dynamic effect of the t i r e  even a t  50 mph. 

The strain levels from the dynamic tests were no t  readable. The 

reason, of course, is t h a t  the load was distributed by the t i res ,  

rather t h a n  concentrated as w i t h  the jack and loading plates. There- 

fore, no impact factors were obtained and no changes are recomnended. 

T h i s  essentially concludes discussion of the Klockner Road armored 

j o i n t  data. 

of skepticism regarding the experiment's results. Therefore, a few 

factors that  relate to  strain gage performance, and the affect of 

these factors upon the data i s  worthy of  discussion. 

I t  i s  realized that readers may be l e f t  w i t h  some degree 

5. Discussion o f  the Data 

There are 8 factors t h a t  play a direct role either i n  causing 

da ta  scatter,  or i n  causing data errors. Three of these factors 

were definitely not influencing the data i n  any way, Load magnitude 

was very accurately controlled by use of anhydraulic jack w i t h  a 

pressure gage. T h i s  apparatus was carefully calibrated i n  a compression 

testing machine. In the field tests the load was kept w i t h i n  100 
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pounds of the 28,000 pound tes t  load. The second factor is  the effect 

of temperature on the delicate strain gage filament. T h i s  effect was 

total ly  negated by the manner i n  which the tes ts  were conducted. 

readings were always taken w i t h i n  1 or 2 minutes of the "full-load" 

readings, thereby assuring t h a t  no significant temperature changes 

occurred. The t h i r d  factor was an excessive "zero-point" dr i f t .  

T h i s  was found t o  be caused by a faulty strain indicator and the equip- 

ment was replaced. The replacement equipment was very stable. The 

other fivefactors are as follow: 

"Zero" 

1.  Low strain levels; 

2. Misalignment of load; 

3. Non-uniform load distribution; 

4.  Instability or to t a l  breakdown of a particular gage; 

5. Insufficient number of gages. 

The low strain levels were unfortunate i n  that they made i t  

diff icul t  t o  ascertain trends. 

when the sizes of the strains were small. 

increase the sizes of the strains and maintain the structural capacity 

o f  the anchorage and j o i n t .  

that  the theory predicted, then this problem would not have occurred. 

In fact ,  when the tes t  load was applied as a p o i n t  load, the strains 

d i d  become significant, and the problem of interpretation was minimal. 

I t  was a t  the lower level loadings (those t h a t  the author suggests as 

being more real is t ic  for design purposes) t h a t  interpretation of the 

s t ra i  ns became d i  f f  i cul t . 

Small errors became relatively large 

I t  was not possible to  

I f  the joint  incurred strains a t  levels 

There are two load-related conditions that also contrfbute to  
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data  scatter. 

eliminated. 

their ex ten t .  The first condit on i s  load misalignment which 

accounts f o r  off-center  and non-vertical loading. The tests i n -  

d icated that  w i t h  the concentrated load, a movement of the load 

center of as  l i t t l e  as one o r  two inches could produce quite a 

difference i n  s t r a ins .  With  the conditions under wh ich  these tests 

were conducted, the author feels t h a t  the actual center  of load 

could have been anywhere w i t h i n  2 inches of the intended load point. 

The effects of this are  probably undetectable when the load i s  dis- 

t r i b u t e d  over 2 feet of j o i n t  length. As the 12-inch and 4-inch 

d i s t r ibu t ions  a r e  used, the effects would become la rger ,  b u t  d i d  

not obscure the general behavior of the jo in t .  The second 

condition is  non-uniform load d is t r ibu t ion ,  which is par t ly  caused 

by imprecise locat ion of the load center ,  b u t  which is  a l so  caused 

by the use of an e l a s t i c  d i s t r ibu t ion  method such as  steel plates .  

Idea l ly ,  a pressure system should be u t i l i zed .  The extent of non- 

uniform load d i s t r ibu t ion  of these tests is  not known, b u t  as  

w i t h  loads misalignment, the general t rends i n  s t r a i n s  were not 

obscured. 

important i n  regard t o  the s c a t t e r  and accuracy of the data. 

Under laboratory control ,  these conditions may be 

Under f ield condit ons, e f f o r t s  a r e  made t o  minimize 

The following two fac tors  of discussion a r e  the most 

The first f ac to r  is i n s t a b i l i t y  o r  to ta l  breakdown of a 

p a r t i c u l a r  s t r a i n  gage. 

things,  many of  which  can be accounted f o r ,  and controlled. But  

occasional ly ,  a gage behaves i n  an e r r a t i c  manner and nothing can be 

.done about i t .  

Gage i n s t a b i l i t y  can be caused by several 

Some of the gages d i d  this during the Klockner Road 
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tests and their results either were not presented, or were presented i n  

t h a t  l i g h t  (for example, gage # 8 ) .  The problem is t h a t  one is  not sure 

- how unstable a gage is a t  a particular moment, and hence 

the d a t a  are.  One is  therefore forced t o  expel1 the data ,  or t o  use 

i t  very carefully. The way t o  get around this problem is  t o  install 

as many extra gages as i s  feasible and rely only on those t h a t  work well. 

This leads t o  the final fac tor  of discussion: insufficient number of 

strain gages. The author was forced t o  "get by" w i t h  an absolutely 

minimal amount of instrumented jo in t .  Actually, i n  view of the ant ic i -  

pated load distribution, no less t h a n  6 continuous feet of length o f  

the j o i n t  should have been instrumented, and there probably should have 

been a heavier concentration of gages per foot of j o i n t .  

doubt fu l  va l id i ty  would then be rejected and the results would be 

infinitely more reliable. 

of general indications. 

reliable 

Data w i t h  

Concrete conclusions would be drawn instead 

In sunnnary, the in ten t  of the foregoing discussion was not t o  

discredit the experiment. 

i n  light o f ,  not i n  ignorance o f ,  the quality of the data.  The author 

feels t h a t  the conclusions presented hereinafter are sound because they are 

qualified t o  t h a t  extent. 

Indeed, the enti re data analysis was presented 
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111. Cypress Lane Armored Joint 

A. Instrumentation 

Instrumentation was essentially the same for the Cypress Lane 

tes t s  as for the Klockner Road tests.  Since the loads for which this 

expansion joint may have been designed are notknown, the loading t h a t  

was used on Klockner Road was also used on Cypress Lane. The only 

differences, therefore, were the placement of strain gages. 

The Cypress Lane joint  possesses two types of anchorage. The 

haunch supports shown i n  Figure 7 serve as extremely r i g i d  anchorage 

a t  each girder. 

foot centers were also used throughout the length of the joint .  

Figure 7 also shows the location of gages No. 1 ,  2 and 3. These gages 

were placed to detect the moment induced i n  the haunch under load. 

Although shear and bearing are probably the cri t ical  considerations 

for the 5 / 8 6  rods, there was no way o f  measuring these stresses. 

Instead, a t  a distance of 4 inches back from the armament, a gage 

each was placed on the t o p  and bottom of two of these rods, as shown 

i n  Figure 8 .  These gages detect axial tension and compression and 

bending i n  the vertical plane. One of the instrumented rods was 14 

inches from the haunch. The other was 50 inches from t h e  haunch, 

or midway between girders and haunches. The rods shall hereinafter 

be referred to as  Rod A and Rod B ,  respectively. 

In a d d i t i o n  t o  tnese, 5/8-inch diameter bars on I 

8. Analysis o f  Data 

Table 1 sumnarizes the strains measured i n  the Cypress Lane 

tes ts .  These results should not be misinterpreted. For example i n  

Case 1 and Case 2 i t  is  seen that no strain was measured i n  gages 

#6 and d7when the load was centered above the haunch. Yet i t  cannot 
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51; 0 x t' 2" AUTOMATIC END 
WELD RODS (ANCHORS) @ 12" 

FIGURE 8 --- - __ 

ANCHORAGE FOR CYPRESS L A N E  ARMORED JOINT 



TABLE 1 - STRAINS* FROM 28,000 Ib .  ON VARIOUS LOAD PLATES 

-- 
-- 

Load D is t r i bu t i on  I Load Posi t ion I Haunch Support 

0 

t 5  

P late Size I 
Case 1 

4-inch Load Plate 

Case 2 

12-inch Load Plate 

Case 3 

24-inch Load Plate 

Haunch 

Rod "B'I 

Haunch 

Rod "B'l 

Haunch 

Rod "6'' 

Gage 1 

t30 

0 

t25  

-5 

-- 
0 

Gage 2 Gage 3 

+ l o  
0 

-1 5 

+20 

-- 
0 

* A l l  s t ra ins  are i n  micro-inches per inch; 

Negative s i gn i nd i cates compress i on ; 

Posi t ive s ign ind icates tension. 

Rod "A" 

Gage 4 Gage 5 

Broken 

-- -- 

-- l o  
I 

Rod ' l B l t  

Gage 6 

0 

+740 

t5 

+700 

-- 
+325 

Gage 7 

0 

t330 

-5  

t300 

-- 
+130 
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be sa id  t h a t  Rod B car r ied  no load. There may have been some small 

load i n  the rods which was not detected because of the f a c t  t h a t  

the enitre rod i s  encased i n  concrete and it d i d  not f l e x  a t  a 

d i s tance  o f  4 inches i n t o  the concrete. 

There a re  e s sen t i a l ly  three t h i n g s  t h a t  a r e  shown by this 

da ta .  The f irst  point i s  t h a t  the haunch device was expected t o  

ca r ry  a substant ia l  amount o f  load when the tes t  load was directly 

above the haunch locat ion.  The data do not ind ica te  this t o  be the 

case.  

T h i s  yields about 27 u-inches/inch a t  the extreme fibers, which can 

be t rans la ted  in to  a moment of about 4800#-in. 

approximate center  of load appl icat ion is  about 2 inches from the 

s t r a i n  gages, this moment would be caused by a ver t ica l  load of  only 

2,400 pounds, o r  less than 10% of the applied test load of 28,000 

pounds. No reasons f o r  this behavior a r e  offered. The instrumentation 

i s  simply too scanty t o  provide more l i g h t  on this behavior. 

For instance,  Case 2 shows bending s t r a i n s  of about 20 u-inches. 

Considering t h a t  the 

The second point of discussion i s  the l a rge  s t r a i n s  t h a t  were 

measured i n  Rod B when the load was applied directly above Rod B. 

The 700 and 740 u-inch s t r a i n s  give combined bending and axial  stresses 

of  over 20 ksi . And note t h a t  these are not maximum stresses, and 

there is no consideration of the horrendous bearing stress t h a t  

probably exist i n  the concrete beneath Rod B, nor of the shear  stresses 

t h a t  e x i s t  a t  the weldment of Rod B t o  the armament. 

f lexura l  stress is a t  t h e  working limit allowed i n  normal f lexural  

s i t ua t ions .  In design o f  anchor bo l t s ,  such h i g h  stresses may not 

normally be permitted because o f  several  other  f ac to r s ,  depending upon 

Even this 
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the chances t h a t  the designer wishes t o  take. And again,  i t  i s  re- 

peated t h a t  the detected stresses a r e  not the maximum stresses t h a t  

Rod B may have incurred. 

The t h i r d  point t h a t  i s  brought out by the data  r e l a t e s  t o  

d i s t r ibu t ion  of the load. Cases 1 and 2 Show t h a t  f o r  load posi t ion 

No. 2 (above Rod B) there is  l i t t l e  difference i n  s t r a i n s  between 

the concentrated load condition and the same load applied over a 1- 

f o o t  d i s t r ibu t ion .  Case 3 shows t h a t  the s t r a i n s  i n  Rod B drop by 

roughly 50% when the 2-foot d i s t r ibu t ion  p l a t e  was used. As was the 

case w i t h  the Klockner Road armament, the Cypress Lane expansion 

j o i n t  responds t o  load according t o  the re la t ionship  between the 

s i z e  of the load d i s t r i b u t i o n ,  and the spacing o f  the anchorage. In  

o the r  words, u n t i l  the load is  applied over some length which  is  

g rea t e r  than the anchor spacing, the j o i n t  responds t o  the load as  

i f  t h a t  load was truely concentrated. ( i .e. ,  a point loading) 

T h i s  suggests t h a t  anchor spacing should be kept small t o  assure  

t h a t  several  anchors take  the b r u n t  of  the load. 

Road j o i n t ,  this phenomenom was only noticed i n  the top anchorage bars 

because the bottom bars were so c lose ly  spaced (4 inches.) 

In the Klockner 

For the Cypress Lane j o i n t  there is  only one r o w  of  anchors 

and therefore  the spacing becomes extremely c r i t i c a l .  Little more, 

i f  anything, can be drawn from the ava i lab le  s t r a i n  data.  However, 

there is one more point of interest which resulted from visual 

observation of load tests. 

No attempts were made t o  measure def lec t ions  on either armored 

j o i n t .  And no def lec t ions  were v i sua l ly  observed while loading the 

Klockner Road armored j o i n t .  However, when loading the Cypress Lane 



36 

armored j o i n t ,  the top f lange of the armor deflected downward by a 

considerable amount, so much i n  f a c t ,  that  the author feared permanent 

deformation o f  the flange. The load was imnediately removed and 

recentered c l o s e r  t o  the web of  the channel sect ion.  

sumed and def lec t ion  o f  the flange was st i l l  quite evident, although 

not  a s  severe. T h i s  def lec t ion  brings out  two points.  

top  f lange should not be too large.  

armament should be subs tan t ia l .  On the Klockner Road armament, 

the combination o f  a shor te r  f lange element ( Z " ) ,  a th icker  sect ion 

(1 /2" ) ,  and anchor bars welded t o  the top flange, provided an 

armament t h a t  was not subject t o  such excessive def lect ions.  

overa l l  r i g i d i t y  should. be a t ta ined  i n  any armored j o i n t  t o  assure  

tightness between the armor and the concrete deck. A lack of such 

r i g i d i t y  would result i n  s ign i f icant ly  ra ised stresses and increased 

i n f i l t r a t i o n  of foreign material  beneath the armament t o  the point of 

premature de t e r io ra t ion  o f  the entire j o i n t  system. 

Testing re- 

First, the 

Second, the thickness of the 

Similar 
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IV. Conclusions From Armored Jo in t  Load Tests 

1.  Loads f o r  design: 

The loads used i n  the design of the armored j o i n t  should be 

taken a s  a tire pressure d i s t r ibu t ion  applied over a cer ta in  area 

unless  i t  can be shown t h a t  a r i g i d  loading device would be incurred 

which  would provide a more severe case of loading. This area would 

more r e a l i s t i c a l l y  be a reduced portion of t i r e ( s )  and the pavement. 

AASHTO loads fo r  bridge decks do not appear t o  be appropriate when 

taken a s  a concentrated load on the armament. 

2.  Rigidity i n  the ver t ica l  plane: 

Rigidity i n  a l l  planes is  important f o r  an armored j o i n t  be- 

cause i t  is usually an Sntegral pa r t  o f  a somewhat less durable 

concrete deck. The overal l  system r i g i d i t y  is of primary consideration 

since i t  affords  the most economical balance between anchorage and 

the armor itself. 

simplest fabr ica t ion  and construction along w i t h  undesirably high 

anchorage stresses and stress concentrations. Light armament and 

excessive anchorage increases  fabr icat ion and construction cos ts  and 

may result i n  premature j o i n t  f a i l u r e .  

Heavy armament and scanty anchorage provides the 

The Klockner Road armored j o i n t  appeared t o  e x h i b i t  a well- 

balanced system. No noticeable def lect ions occurred under load. 

However, based on the stress levels obtained from the tests i t  appears 

t h a t  fewer (than presently used) bottom anchorage bars may be warranted 

without deleter ious a f f e c t s  on system rigidity. 

3. Rigidity i n  the horizontal plane: 

The 12-inch top  anchor spacing utilized on the Klockner Road 
/ 
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j o i n t  provided excel lent  horizontal r i g i d i t y  t o  an armament which 

otherwise m i g h t  have been deficient i n  this regard. The Cypress 

Lane armament achieved horizontal r i g id i ty  through increased f lange 

width only. 

4. Anchorage de ta i l s :  

The method of combined upper and lower anchors was c l e a r l y  

shown t o  be immensly superior  t o  one row of anchorage a s  used on 

the Cypress Lane j o i n t .  The upper bars 1. a s s i s t  i n  load carrying 

capaci ty  of the j o i n t ,  2. distribute incurred loads more than a single 

row of anchors, 3. provide horizontal r i g i d i t y  where i t  is  needed 

the most without resor t ing t o  an increased flange s i ze .  The 

tests showed t h a t  the single row of anchors used a t  Cypress Lane were 

inept  a t  holding the armament t i g h t l y  a s  an integral  part of the deck; 

t h a t  they instead a c t  as  an e l a s t i c  hinge about which excessive 

ro t a t ion  occurs. 

5. Armor select ion:  

To be sure, extensive testing of  various armament and anchorage 

combinations is needed i n  order t o  provide the best armored j o i n t  

system. 

i n  general the armament should be kept t h i c k ,  while the top f lange 

should be kept small. A small f lange allows f o r  good concrete 

compaction beneath the armor and presents a minimal area t o  incur  

t i  re 1 oadi ng (reducing overal l  1 oad magnitude and subsequent s t r e s s e s )  , 
while s t i l l  protect ing the top corner of the j o i n t  faces .  

However, even these limited tests provide indicat ions t h a t  

6. Critical anchor spacing and Load Distribution: 

The tests on Klockner Road indica te  t h a t  maximun anchor Spacing 

should be c lose ly  r e  ated t o  the load appl icat ion area.  An economical 
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armor sec t ion  will not be so r ig id  t h a t  i t  distributes load over 

several  feet of width.  Therefore, a s u f f i c i e n t  number of anchors 

should be w i t h i n  o r  near the load appl icat ion a rea  such t h a t  they 

share  the load and thereby do not allow high  stresses i n  any one 

anchor. In veiw of the recomnended reduced loading (Conclusion No. 1)  

and the low stresses t h a t  were obtained the author  tends t o  feel t h a t  

the bottom anchor spacing of 4 inches should be increased. The top 

spacing of 12 inches should not be increased under any circumstances 

since these anchors provide horizontal  r i g i d i t y  t o  the top of  the 

system, and since this spacing already places a minimal number of  top 

anchors w i t h i n  the immediate vicinity of  an applied t i r e  load. 

The l imited scope of  the load tests did not y i e ld  much i n -  

formation regarding load d i s t r ibu t ion  f o r  armored j o i n t s  i n  general. 

The d i s t r ibu t ion  will vary according t o  the anchorage and armor 

u t i l i z e d .  

feet of j o i n t  length should be assuned t o  car ry  a l l  of  the design load. 

For the Klockner Road j o i n t  i t  is  f e l t  t h a t  a t o t a l  of  4 

7. General: 

The armored j o i n t  a t  Klockner Road appears t o  be s l i g h t l y  over- 

designed w i t h  respect t o  lower anchorage bars. 

By comparison the armored j o i n t  a t  Cypress Lane appears t o  

have a few major def ic ienc ies ,  which primarily r e l a t e  t o  poorly located 

and under-designed anchorage. Under maximum loads,  these anchors have 

l i t t l e  i f  any sa fe ty  fac tor .  

been determined, i t  is f e l t  t ha t  a fatigue ana lys i s  would ind ica te  

e a r l y  f a i l u r e  i n  these anchors i f  used on a primary highway system. 

I f  the t r u e  maximum stresses could have 

Further tests are  necessary i n  order t o  determine w i t h  accuracy 

the most economical balance of anchorage and armament, as well a s  a 

more detailed p ic tureof  stress behavior. Static tests of sec t ions  of 
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armored joints would appear to lend themselves well t o  laboratory 

condi t i  ons . 


