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CONCRETE-FILLED   STEEL   GRID   FLOORS   FOR   BRIDGES

Performance  and  durabilit=y  of
concrete-filled  steel  grid  decks  on
bridges   a.re  examined  herein.     Data
on  well  Over  four  million   (4,000,000)
square  feet  of  such  existing  decks
built  between  1932   and  1969   are  in-
vestigated.     It  is  found  that  bridge
decks  of  concrete-filled  steel  grid
type  have  withstood  heavy  traffic
for  over  forty  (40)  years,   and  are
still  in  sound  structural  condition.
Significantly,   the  grid  decks  have
not  been  .affected  by  deicing  chemicals.

A  few  decks   did  not  perform
satisfactorily;   and  the  causes  for
excessive  maintenance  are  traced  to
inadequate  welding  of  grids   to  support-
ing  steel,   provision  of  transverse
steel,   and  splicing  details.     Finally,
recormendations  that  will  improve  the
design  ahd  thus  assure  a  long-term
durability  are  made.



Highway  bridge   engineers  responsible  for  design,

maintenance,   and  construction  of  bridge  decks   are  con-

stantly  looking  for  economical  soiutions   for  the  rehab-

ilitation  of  older  bridge  decks.     Steel  grid  decks  have

been  used  successfully  on  many  bridges   as   a  speedy  and

economical  solution.     Steel  grid  floors  have   also  been

used  to  widen  the  bridge  deck,   to  increase  the  bridge-

carrying  capacity, and  to  save  the  older  structure  without

sacrificing  its   safety  and  usage.     Where  movable  and  long

spans   are  used,   reduced  dead  load  of  flooring  becomes

important;   and  the  steel  grid  floors  have  efficiently

performed  on  many  such  bridges .
Reduced  weight  of  the  flooring  is  one  of  the  many

advantages  of  the  grid-type  construction.     It  has  also

been  selected  for   ]se  by  many  engineers  because  grid  floor

panels,  which  are  factory  manufactured,   can  be  installed

with  speed-causing minimal  traffic  disruptions.     Steel

grids  offer  designers   complete  flexibility.     The  range
of  depths  available  can  be  fully  utilized  in  an  economical

design  that  will  leave  the  existing  expansion  dams,   curb

details,   and  other  miscellaneous  items  intact.     Further

savings   can  be  realized  by  taking  advantage  of  the  con-

posite  action  between  the  grid  floor  and  the  supporting

stringers  when  the  grid  is   filled  with  concrete.     Steel

grid  units  lend  themselves   to  precasting  easily.     This

procedure  speeds  up  erection-which  is  high  advantageous
in  congested  metropolitan  areas  a[id  main  arteries.



Basically,   steel  grid  floors  nay  be  classified  in

two   categories;   namely,    (a)   open   type,   and   (b)   concrete-

filled  type.     Tquile   the  open-type  steel  grid  floors  have

found  direct  application  in  the  rehabilitation  and  con-

struction  of  movable  bridges   and  secondary  road  bridges,

t:he  concrete-filled  types  have  been  widely  used  for  all

types  of  bridges-including  many  major  bridges.     In  this

report  we  shall  examine  the  design  of  concrete-filled

steel  grid  flooring  o:1  some  existing  structures  and

their  related  performances.     This   investigation  was

prompted  by  recent  findings  of  general  deterioration
of  other  ty|)es  of  reinforced  concrete  decks.     It  is  very

significant  to  note  that  there  are  many  major  and  minor

bridges  with  grid  decks   that  have  had  practically  no

maili.tenance  problenis.     We  find  that  most  owners   of  the

major  bridges  are  very  appreciative  of  the  grid  decks

and  their  perfollnance,   even  under  severe  weather  condi-

tions   and  frequent~use  of  deicing  chemicals.

To  our  knowledge,   over  six  million  square  feet

of  concrete-filled  steel  grid  floor  decking  is  currently

under  service.     The  history  of  its  perfomance  has  been

excellent  except  in  a  few  isolated  cases.     Soundness   of

concrete  has  not  been  affected;   and  steel  within  the

concrete  shows  no  rusting  or  corrosion  even  after  40

years  of  use.     This  effort  is,   therefore,   in  further
investigating  the  perforlnance  of  concrete-filled  steel

grid  floors   that  have  been  in  use  at  several  locations
in  order  to  assess   their  durability.     In  the  few  unsatis-

_?_



factory  cases,   engineering  details  used  for  construction

can  be  attributed  the  responsbility  for  the  decks  not

performing  as  well  as   the  others.     However,   even   these

few  decks  never  did  lose  their  serviceability,  but  only

caused  maintenance  problems.     In  this  report,   particular

attention  is   given  to  these  unsatisfactory  decks.     A

cross-section  of  typical  design  details   is  presented

here.     Bridges  built  with  concrete-filled  steel  grid

decks   as   early  as   1932   thru  1969   are   examined.      Coments

are  made  on  significant  features  of  typical  grid  sections

and  their  durability.
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DESIGN    AND    CONSTRUCTION:

First,  we  shall  consider  the  design  of  grid  floor

s.ystems   and  later  exanine  the  existing  floors  and  their

performances.     In  any  concrete-filled  grid  floor  system

consideration  must  be  given  to  each  individual  item  in  the

design  process.      These   items   are:    (A)   grid  beams   and  main

members;    (8)    top   cross   bars;    (C)   bottom   cross   bars;    (D)

fas.tening  of  grid  to  supports;   (E)   splicing  of  adjacent

panels;   (F)   concrete   filler;    (G)   metal   form  pans;     and

(H)  wearing  surface.     We  shall  coment  on  these  items

separately,   as   follows:   -

(A)       GRID   BEAlus,    RAIN  MEMBErs:

Extensive  use  of  specially-rolled  "I"  s.ections  as

main  stress-carrying  members  has  been  made  in  the  concrete-

filled  grid  floors.     Optimum  sections  are  use'd  to  provide

approximately  equal  positive  and-negative  composite  section

properties.     Practical  constraints  are:  providing  least
dimension  top  flange  for  grid  floors;  providing  sufficient

mass   in  the  bottom  flange  for -good  bearing  and  welding;   and

providing  sufficient  flange  width  to  retain  metal  fom  pans.
Specially  rolled  I-beams  are  not  the  only  shapes   that  have

been  used.     Many  grid  decks  have  Tee  sections  with  flanges

resting  on  supports.

The   depths   of  sections   used  are:   2%",   3",   3±",   4Z",

and  5".     The  spacing  of  the  grid  beans. varies  with  the  loading

and  span.      In  general,   2±",   3"   and  3±"  beams  have.  4"   spacing

and  4Z"  beans  have  6"  spacing  center-to-center.     A  5"   section
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DESIGN   ANI)    CONSTRUCTION    (CONT'D)

has  been  used  up   to   7±"   center-to-center.     The  weight  of
"I"  section  and  mass   distributioi  also  differs-even  within

the  same  depth  sections.     At  times   auxiliary  reinforcement  is

provided  where  the  rolled  sections   are  widely  spaced.
From  the  data  examined  in  this  report,   it  has  been

found  that  steel  and  concrete  stresses  are  well  within  allow-

able  limits  in  the  main  members  in  both  transverse  and  parallel-

type   const:ruction.     We  are  ref:rring   to   1973     A.A.S.H.0.

Specifications   for  tl.e  allowable  limits  on  stresses  for  design.

The   steel  used  for   the  main  members   has  been  ASTM  A7,

ASTM  A7   (0.2°/o  Cu)  ,   A36   and,   more  recently,   A588   Specification.

We  find  no  reason  to  restrict  the  use  to  the  depths

mentioned  above  as,   in  many  situations,   economy  may  justify

use  of  a  deeper  st.ction  (6"  to  6±")   apd  the  industry  is  fully

capable  of  producing  such  sections.

Since  there  is  no  obvious  reason  for  further  investi-

gation  of  the  main  members,  we  will  not  look  into  this  in  any
more  detail.

(a)       TOP   CROSS   BARS:

Top  cross  bars   fulfill  two  important  functions.     First,

they  serve  to  arnor  the  deck  and,   therefore,  play  an  inportant

role  in  reducing  shrinkage  cracks  which  significantly  increases

concrete  impermeability.     Second,   they  are  a  part  of  transverse

reinforcement  of  slab  and,   therefore,   assist  in  lateral  distri-

bution  of  concentrated  wheel  loads.

-6-



DESIGN   AND    CONSTRUCTIO}J    (CONT'D)

Generally,   these   are   3/16"   thick  rectangular  bars.1"

to   1±"   deep   and   spaced  at   4"   to   6"   center-to-center.     However,

round  bars   of  various   sizes  have  also  been  used  with  spacing

as  much  as   12"   center-to-center.     The  steel   specifications

are  generally   the   same  as   the  main  beams   except  when  defomed

reinforcing  bars  have  been  used.

Provision  of  rectangular  top   cross  bars  with  close

spacings   effectively  creates   cells   of  concrete  bound  by  top

flange  of  main  beams.     The  exposed  top   surface  of  grid  decks   .

with  no  additional  wearing  surface  has  shown  no  concrete

spalling.     Because  of  wearing,   however,   in  a  number  of  years
"cupping"  of  concrete  within  the  cells  occurs.     This   cupping

action  is   slow  and  is  resisted  from  progressing  by  the  top

cross  bars.     Such   `1  condition  exists  on  many  bridges   after

a  period  of  use  of  over   30   to   35  years.     Ouners   of  these

bridges  have  not  mentioned  any  serious  problems   due  to  this-

if  any.

(C)        BOTTOM   CROSS   BARS:

The  major  function  of  bottom  cross  bars   is   to  effect-

ively  provide  lateral  distribution  of  concentrated  loads.     In

order  to  do  so,   one  must  provide  sufficient  tensile  reinforce-

meht  to  resist  flexural  stresses  in  the  transverse  direction

of  the  slab.     The  design  should  take  into  account  not  only  the

average  stresses   (as   is   routinely  done) ,  but  due  attention  must

also  be  given  to  their  spacing,  bearing  in  mind  that  these  bars

are  most  important  in  lateral  distribution  of  concentrated
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DESIGN   AND   CONSTRUCTION    (CONT'D)

wheel  loads.

From  the  information  reieived  on  existing  decks,   we

find  that  this  is  an  item where  most  deck  details  differ.

Both  rectangular  cross  bars   and  round  cross  bars  have  been

used  with  varying  sizes.     These  bars  have  been  spaced  anywhere

from  6"   center-to-center  to  24"   center-to-center;   and  pro-

vision  is  made  approximately  in  the  middle  half  of  the  span.

No  bottom  reinforcenent  is  provided  within  the  first  quarter

span   (approx.)   from  the  support.     The  number  of  bottom  cross

bars  in  the  older  bridges  is,   therefore,   only  2  in  spans  up

to  6'-0".     Later,   they  were  increased  to   3  for  spans   of  up   to

6'-6".     Current  practice  is   to  provide  them  at  8"  center-to-

center,   except  wit:bin  one  foot   (1')   from  the  supports.

Material  used  for  bottom  cross  bars  is  of  the  sane

specification  as   the  main  beams,   except  where  deformed

reinforcement  bars  are  used.

(I))       FASTENING   OF   GRID   TO   SUPPORTS:

Both  welding  and  bolting  have  been  used  to  fasten

main  beams  of  grid  decks   to  the  supports.     Welding  has  been

popular  and  economic.     Because  of  this   type  of  construction,

the  grid  floor  filled  with  concrete  acts   cotnposite  with  the

supporting  steel.     In  order  to  assure  a  durable  and  lasting

connection,   it  must  be  designed  to  take  care  of  the  horizontal

shear  stresses   and  relative  fatigue  endurance  limits.

The  amount  of  welding  is  another  area  where  details

differ  on  many  existing  decks.     During  the  early  stages,



DESIGN   AND    CONSTRUCTION    (CONT'D)

recolrmended  welding  was  a  2"   fillet  weld  2±"   long  on  every

other  grid  beam which  is   spaced  at  6"  center-to-center,   thus

giving  a  total  of  2.25"  per  foot   (average)   on  the  stringers.

This  was   later  increased  to  two  ±"  fillets,1±"   long,   on  both

sides  of  a  grid  beam  at  alternate  beans,  which  gave  an  average

3"  per  foot  on  the  stringer.     Current  practice,   however,   is  to

provide. ±"  fillet  welds  with  a  ninimun  of  3"  long  at  every

grid  beam;   that  is,   an  average  of  6"  per  foot.
• The  above  weldings  are  manufacturers '   recomended

minimums.     However,   stringer  size,   spacing,   and  spans  must

be  cppsidered  in  arriving  at  the  size  of  the  weld  to  resist

the  ?Tlticipated  horizontal  shear.

(E)       SPLICING.  ADJACENT   PANELS :

Splicing  of  cross.  bars  is  important  to.maintain

continuity. and,   tbus,   avoid weak  links  in  the  slab.     Bottom

cross  bars  have  been  welded  in  all  cases;   but  in  many  decks

top  cross  bars  were  welded  irmediately  above  and  adjacent

to  the  bottom  cross  bars.     The  balance  were  left  unwelded.

Current.prac.tice  is  to  weld  all  top   cross  bars  and  bottom

cross  bars.

Continuity  of  main  beams  in  a  slab  has  never  been

a  question;   and  these  were  always   connected  by  welding  to

resist  flexural  stresses.

..Details  of  splicing  top  and  bottom  cross  bars  and

grid  beams  in  adjacent  panels  vary,   depending  on  tbe  engineer's

judgment;   and  we  find  different  types  of  details   for  various

-9-



DESIGN   ANI)   CONSTRUCTI0l]    (CONT'D)

bridges.     The  type  and  size  of  cross  bars   and  also  the  nature

of  supports   govern  this  splice  design.

(F)       CONCRETE   AS   FILLER  RATERIAL:

In  these  investigations,  we  are  not  including  the

concrete  mix  details  because  it  is  practically  impossible  to

obtain  data  on  the  mix  proportion  and  quality  control  during

construction,     Howevt=r,   it  must  be  pointed  out  that  treatment

of  grid  floors   as   composite  section  adds  no  more  than  107o  to

the  design  section  modulus   (N=8  to  15)   and,   therefore,   is

not  very  signifi.cant.     Also,   it  may  be  assured  that,   generally,

Class  Y   (AASH0  Specs.)   has  been  used-as   evidenced  by  the  grid

floor  manufacturer' s  literature. Basic  functions  of  concrete

to  provide  lateral  distribution  of  the  load  and  to  resist

shear  are  generally  governed  by  the  concrete  strength  and,

in  most  cases,   it  has  been  a  minimum  of  3,000  psi.    (28  days)

compressive  strength.

(G)       METAL   FORE  PANS:

Metal  form  pans  are  also  excluded  from  further  examina-

tion  because  they  have  never  been  considered  to  add  to  the

structural  strength  in  design,   although  they  do  contribute

to  the  structural  integrity  of  grid  floor  systems.
The  metal  forms  have  generally  been  #20  gage  and  #18

gage  comercial  qua.1ity  steel-sometimes  galvanized  but  mostly

painted  on  the  exposed  side.     These  metal  pans  are  tackwelded

to  the  bottom  flange  of  grid  beans  in  order  to  provide  a
-10



DESIGN   AIND   CONSTRUCTION    (CONT'D)

connection  that  is  mortar  leak-proof .

All  bridges   do  not  have  permanent  form  pans   in  place.

We   find  that  some  bridges   used  conventional   formwork  which  was

removed  after  concrete  had  set.     These   decks   on  visual  examina-

tion  do  not  show  any  sign  of  distress.

(H)       WEARING   SUREACE:

In  the  earlier  designs  of  grid  floors,   concrete  wearing

surface  was   integrally  poured  with  the  slab   that  was  only  3/4"

thick  above  the  top  surface  of  the  grid  steel;   or  it  was  used

without  any  additional  wearing  surface-leaving  the  top  of  the

steel  exposed  as   the  wearing  surface.     Also,   many  bridges  have

used  about  2±"   of  bituminous   concrete  as  wearing  surface  above

the  top  steel  of  grid.

In  the  last  three  years,  we  know  of  two  new  decks   that

have  used  a  waterproofing  membrane  system  with  1-3/4"   to  2-I/2"

bituminous   surfacing  and  one  existing  deck  that  was   overlaid

with  1"  of  latex  modified  concrete.     At  this   stage,   it  is   too

early  to  estimate  their  effectiveness.

The  3/4"  overfill  of  concrete.  as  wearing  surface  did

not  prove   to  be  durable;   and  engineers'   estimate  of  its   life

under  traffic  various   from  1  to  6  years.     However,   even  after

the  3/4"  of  concrete  wore  off  or  chipped  out,   the   durability

of  concrete-filled  grid  flooring  bad  never  been  a  question.

The  structural  soundness  has  never  been  affected  as   in  the

case  of  decks   that  never  had  any  additional  wearing  surface.

Decks  having  at  least  I-3/4"  thick  concrete  wearing

-11-



DESIGN   AND   CONSTRUCTION    (CONT'D)

surface  above  the  top  of  the  steel  grid  have  shown  excellent

performance  for  over   twelve   (12)   years,   and  are  still  in  good

condition.

The  durability  of  bituminous  concrete  wearing  surface

is   about  the  same  as   for  pavements,   and  engineers'   estinates

vary  from  7   to  10  years  under  heavy  traffic.     It  should  be

noted  that  if  the  3/4"  overfill  was  not  fully  chipped  out,

new  wearing  surface  oi  bituminous  concrete  still  gave  imed-

late  problems  of  patching  and  fixing.

-12-



HISTORY   AND DESCRIPTIONS :

We  shall  now  examine   typical  details   of  some  existing

decks   for  which .we  have  information.     Otiservations   are  only

based  on  our  engineering  judgment,  without  going  into   theore-

tical  analyses   and  proofs.     We  shall  also  list  the  pertinent

maintenance   corments   and  explanations  wherever  needed.     The

owners   and  locations   of  bridges   examined  in  this  report  are

listed  in  Table   I.     Engineers  who  shared  their  experience  and

made   this   report  possible  are  mentioned  in   the  Acknowledgment

list..at  the  end  of  this  report.

1.       SOUTII   TENTH   STREET   BRIDGE (1932)  :

Parallel-t:ype  3"  Tee  Grid  Flooring  is   shown  in  Fig.(I) .   `

Butting  flanges  of  the  tees   together  provides  excellent  shear

transfer  between  adjacent  tees.     Amored  by  the  top  cross  bars,

transverse  concrete  stresses  are  ex|)ected  to  ba  very  low.   `Even

after  43  years   of  use,   51,000  sq.   ft.   of  this   type  decking

has  not  shown  any  deterioration.     Maintenance  has  been  periodical

on  the  bituminous  wearing  surface  on  top  of  the  grid  deck.     No

waterproofing  membrane   system  has  been  used.     The  oresent

structural  condition  of  the  deck  is  rated  as   excellent.

2.       UPPER   BIACK   EDDY (1933)  :

15,000   sq.   ft.   of   3±"   Tee   Grid  Flooring  has   been

in  service   for  42  years.     Complete   construction  details   are

not  available.      3±"  x     3±"     x  6#  tees   are  used  for  main

mehoers,   and  1"   x  3/16"  bars   are  used  for   cross  members.     We
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HISTORY   AND   T)ESCRIPTI0NS    (CONT'D)

are  infomed  that  salt  and  grit  are  used  during  ice  and  snow

storms.     The  present  condition  of  the  wearing  surface  and

structural  condition  of  the  deck  is  reported  to  be  good.

This   deck  had  no  wearing  surface  since  its   construction.

3.      ENHATTAN BRIDGE    (193 6-38)

One  of  the  earliest  precast  grid  floor  systems

parallel  to  traffic  is  shown  in  Fig.   (2).     This   3-i/2"   I-Beam

Grid  Deck  has   an  excellent  performance  record  of  37  years,

and  is  still  in  good  condition.     Important  design  details

have  all  been  well  ta.ken  care  of ,   as  may  be  observed.     There

is   sufficient  transverse  reinforcement   (Top:   12.6%  -Bottom:

22.6°/a  of  main  reinforcement).     Splicing  is  adequate  for  the

top  cross  bar with  1'-4"  long  splice  bar  lapped  over  at  the

joint.     The  bottom  cross  bars   are  butt-welded.     Also,   the

grid  beams  are  all  welded  to  the  supports  using  5/16"  fillet,
7-1/2"  long  weld  per  foot  average.     Low  main  stresses  both

in  concrete  and  steel,   due  to  short  span  of  2'   1-1/2",   is

also  significant.     The  design  was  for  precast  panels,   and

it  is  safe  to  assume  that  erection  stresses  governed  the

des ign .

4 HIGHEND PARE   BRIDGE

Transverse-type  4-1/4"  I-Beam  Decking  is  shorn  in

Fig.(3).     It  has   a  bituminous  wearing  surface   thaLt  we   assure
-14.
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had  been  maintained  periodically.     No  waterproofing  system

is   used.     Main  design  stresses   are  of  the  order  of  900  psi.

for  concrete  and  17,000  psi.   for  steel.     Notice   that  both

top  and  bottom  cross  bars   are  butt-welded  at  joints,   thus

providing  positive  continuity  in  the  transverse  reinforcement.
The  bottom  cross  bars   are   2  ft.   apart  and  only   two  are  proviJed

at  approximately  mid  t:bird  point.     These   constitute   an  average

of  8.6%  of  main  reinforcement  area.     The  floor  has   apparently

been  helped  by  closely  spaced  top  cross  bars   that  are  provided

at   3"   centers.     These  top   cross  bars   account  for  21%  of  main

gross  area  as  transverse  reinforcement.     Also,   we  see  that

heavy  #16   gage  permanent  form  pans   are  used  here,  which

protect  tbe  concrete  under  tension  by  virtue  of  its   construc-
tion.     Welding  of  grid  beams   to  the  stringer  support  is  shown

to  be  2-1/2"  long,   3/16"  fillet  weld  every  other  beam  (that  is

every  10").     For  comparison,   this   translates   to  1/4"  fillet,

I.69"  per  foot.     This   connection  is  not  adequate  to  resist

the  live  load  horizontal  shear  in  the  maximum  shear  areas,

based  on  current  standards   considering  fatigue.     Nevertheless,

performance  of  this   deck  has  been  excellent:  with  37  years   in

service.     The  performance  of  this  welding  of  grid  beans   to

stringers  bas  proved  to  be  good  because  of  good  lateral  dis-

tribution  of  wheel  loads  provided  by  close-spaced  cross  bars

combined  with  the  fact  that  the  bridge  has   curved  ramps  on

both  ends   that  slow  down   the   traffic.     In  1969,   PENNDOT

carried  out  an  indepth  inspection-at  which  time  no  deteriora-
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tion  of   the   deck  slab  was   found.     The  only   damage  was   under-

neath  the  deck  slab  near  the  expansion  dams  where  some  rusting

of  pan  material  was  noted.     At  two  isolated  spots   the  pans

had  fallen  off ,   thus   exposing  the  concrete.     The  grid  beams

and  concrete  were  found  to  be  in  sound  condition-which  was

confirmed  in  1974  when  part  of  the   deck  near  one  ramp  was

taken  out  to  widen  the  roadway.

.       ROUTE   661, MIDDLETOWN , CONNECTI CUT    (193 8)

54,000   sq.    ft.   of  Transverse-type   3-1/2"   I-Beam-Lok

and  3-1/2"  Unigrid   (called  for  in  the  design  drawings)

remains   in  good  structural  condition  after  a  service  of  37

years-as  reported  by  the  Connecticut  D.0.I.     The  deck

originally  was  placed  without  additional  wearing  surface.

It  was   later  covered  with  bituminous  wearing  suiface   (exact

date  not  known).     The  deck  has   5'-0"  spans  with  a  traffic

volume  of  26,500  A.D.T.    (1972).       No   other   details   are

available.

RAIN   AVENUE BRIDGE 1939)  :

384,720   sq.   ft.   of  Transverse-type  4-1/4"   I-Bean

Grid  Decking  has  been  in  service  for  35  years   and  remains

in  generally  good  condition-except  at  many  expansion  joints.

At  these  areas  near  the  joints,   the  grid  beams  have  broken
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loose  from  tbe  stringers  and  are  bowed  or  broken,   as   shown

in  Fig.(5).     The  general  details  of  tbe  grid  floor  are  as

shoii7n  in  Fig. (4) .      Cupping  of  concrete  between  grid  beams

is  prevalent,   as   shown  in  Fig.(5).     This  deck  was  originally

erected  without  any  wearing  surface.     In  1973  a  1/4"  epoxy

mortar  overlay  was  placed  as  wearing  surface.     It  is   too

early  to  estimate  the  durability  of  such  a  wea.ring  surface.

Cupping  condition  is  natural  wear,   and  one  can

accept  this  as  obvious.     What  really  is  notable  is  that  the

3/4" maximum  cupping  was   a  result  of  over  30  years  of  use-

attesting  to  tbe  fact  that  wear  is  a  slow  process  and  armoring

is in  fact  beneficial.     The  cupping  has  in  no  way  reduced  the  `

soundness  of  the  deck  slab,   as  it  is  still  perfoming  satis-

factorily.

A  look  at  the  details  of  construction  of  the  grid

floor  shows   some  inadequacies  which,   in  our  opinion,   caused

the  problems  of  breaking  welds  and  buckling  of  the  deck  at

tbe  expansion  joints.     First,  `if  we  examine  the  welding  of

the  grid  beams  to  the  stringers,   the  average  welding  of  i/4"

fillet  2-i/4"  long  per  foot  near  the  support  of  the  stringer

is  not  adequate  (based  on  current  standards)   to  resist  live

load horizontal  shear  st:resses-although  it  is  sufficient

for  shears  away  from  the  supports.     Breaking  of  welds   can

therefore  be  expected  in  time  as  the  deck  is  subjected  to

frequent  heavy  loads.     When  the  welds  broke,   the  deck  became

loose  from  tbe  stringers.     Engineers  can  visualize  that

differential  themal  strains  between  the  deck  and  the
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stringers,  which  can  be  very  la.rge,   can  easily  buckle  the

deck  slab  or  cause  failure  of  attachments  at  the  expansion

dams.     Such  a  situation  is  possible  only  in  the  transverse-

type  of  grid  slab  construction  where  the  slab  is  subjected

to  lateral  forces  in  the  cross  bar  direction.
The  transverse  reinforcement  is  another  item  to  be

considered.     We  note  that  the  provision  of  bottom  cross  bars

is   3.90°/a  of  the  main  area  of  reinforcement,   and  only   two   (2)

bars  in  a  span  of  6'   4-1/2"  are  provided  at  the  center  of  the

span  spaced  18"   apart.     Also,   the  top   cross  bars  provided  are

only  12.62°/o  of  the  min  area.     This   gives   a  total  of  16.52°/a

gross   transverse  reinforcement.     If  we  compare  the  total
transverse  reinforcement  provided  in  the  Highland  Park  Bridge

deck-which  is  29.6°/a-the  Main  Avenue  Bridge  falls  short  by

13°/o.      Such   a   dif I   .  `-.=c   -v":11   change   the   load  distribution

effectiveness,     This  is  one  more  mode  of  failure  that  can

significantly  contribute  to  high  stresses ,   especially  near

the  edges,   such  as   expansion  dams.

Bottom  cross  bars  are  welded  at  joints  between  the

adjacent  panels  of  grid  section.     Alternate  top  cross  bars

are  welded,  with  the  exception  that  the  two  irmediate  top

cross  bars   above  each  bottom  bar  are  also  welded.     We  have

not  been  informed  of  any  difficulty  arising  because  of  this.

The  experience  of  the  Main  Avenue  Bridge  Grid  Deck

is  significant  insofar  as  the  reliability  of  the  deck  had

never  been  affected.    All  the  grid  flooring  is  in  sound

structural  condition  and  is  capable  of  carrying  a  full
-1r
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design  load  to  date.     The  breaking  and  buckling  of  the  grid

floor  near  the  edges   could  have  been  prevented  by  simply

welding  the  grid  beams  with  sufficient  weld  in  the  high-

shear  areas.

The  epoxy  overlay  was   a  method  used  to  correct  the

cupping  condition  in  order   to  provide  a  smoother  ride  and

more  effective  antiskid  surfacing.     To  our  knowledge,   the

antiskid  properties  were  adequate  for  at  least  one  year,

but   then  the   coarse  aggregate  smoothed  out.     We  shall  be

watching  overlay  performance  periodically.     A  12-hour

traffic  count  on  April  26,1974  totaled  46,176  vehicles

over  the  Main  Avenue  Bridge.

7.       ERIE   AVENUE   BRIDGE 1939)  :

33,900   sq.   ft.   of  Transverse-Type  Grid  Decking  has

been  in  ser'vice  for  35  years,   and  is  in  excellent  structural

condition.     The  details  of  construction  of  4-1/4"  I-Beam

Grid  are  shown  in  Fig.(6).     The  details  are  sinilar  to  the

deck  used  on  the  Main  Avenue  Bridge.     The  main  beams   and  top

cross  bars   are  the  same  for  the  two  bridge  decks.     The  bottom

cross  bars   in  the  Erie  Avenue  Bridge  amount   to  5.51°/a  of  the

main  area-as   compared  to  the  3.9%  in  the  Main  Avenue  Bridge

deck.     Again,   only   t=wo   (2)   bottom  cross  bars   are  provided  at

approxinately  mid-third  point  and  are  2'-0"  apart;  but  the

percentage  of  bottom  reinforcement  here  is  greater  than  on

the  Main  Avenue  Bridge..     The  deck s.pans on  both  the  Erie  Avenue
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Bridge  and  the  Main  Avenue  Bridge   are   almost   the  same   (6'-4"

and  6'-4±",   respectively).     Anott,er  significant  difference

in  comparing  these   tJi7o   decks   is   that  all  top   and  t>ottom  cross

bars   on  the  Erie  Avenue  Bridge  were  welded  for  a  positive  con-

tinuity  at  joint:s  between  adjacent  panels.     This  was  not  the

case  for   the  Main  Avenue  Bridge   deck.     The  welding  of  grid

beams  to  stringers   on  the  Erie  Avenue  Bridge  was  also  more

than  on   the  Main  Aver`ue  Bridge;   i.e. ,   the  size  of  weld  was

5/16"  fillet  as   compared  to  3/16"  fillet  on  the  Main  Avenue

Bridge .

Constructed  the  same  year,   the  Erie  Avenue  Bridge

deck  is  still  in  very  good  condition.     The  only  difficulty

that  arose,   in  the  engineer's  opinion,  was   from  the  use  of

3/4"  concrete  over€ill  above  the  grid  steel  which  they  had

to  remove  by  chipping-once  it  started  to  break  up.     The

decking  is  now  without  any  surfacing,   and  no  particular

difficulty  is  mentioned  because  of  this.     We  may  also  note

that  no  danage  to  tbe  deck  is  reported  for  the  Erie  Avenue

Bridge,   and  its  perfomance  can  be  rated  as  excellent.

EAST   21ST STREET   BRIDGE    (19 39)

72,000   sq.   ft.   of  4-1/4"   I-Bean  Grid  Flooring,
•  Transverse-Type,   remains  in  excellent  condition-further

attesting  to  the  durability  of  this  type  of  decking.     The

construction  details  of  the  grid  deck  are  exactly  the  same

as  for  the  Erie  Avenue  Bridge.     Its  performance  is  also

-20



HISTORY   AND   DESCRIPTIONS     (CONT'D)

reported  to  us   to  be   the  same  as   for  the  Erie  Avenue  Bridge.

The   coHiments  made  on  the  Erie  Avenue  Bridge,   therefore,   also

hold  true  for  the  East  21st  Street  Bridge  decking.

BRONx  unlTESTONE   BRIDGE    (ig39)  :

212,400   sq.   ft.   of  Parallel-Type   4-1/4"   I-Beam  Grid

remains   in  good  conditon  after  35  years   of  service.     The

construction  details   of  the  grid  deck  are  as   shown  in  Fig. (7) .

Once  again,  we  note  the  disposition  of  bottom  cross  bars   in

the  middle  half  of  the  span.     The  percentage  of  bottom  rein-

forcement  is  17%  of  the  total  main  area  of  reinforcement,   and

the   top  reinforcement  is   12.67o.     Top   cross  bars   are  lap-spliced   `

at  the  joints  between  adjacent  grid  panels;   and  the  bottom

cross  bars  are  butt-welded,   thus  assuring  transverse  con-

tinuity  of  the  slab.     The  main  beams  are  also  welded  to  develop

continuity;   and  experience  has  shown  that  the  details  used  are

adequate.     The  welding  of  grid  I-beams   to  cross  beans  was

minimal.     Every  other  I-beam  was  welded  with  5/16"  fillet,

1±"  long.     This  translates   to  I/4"  fillet,1.87"  long  per  foot

average  for  comparison  with  other  decks.     This  bridge  carried

29,000,000  vehicles   in  1974  alone-which  gives   approxinate

A.D.T.   of   79,500  vehicles.      Coments  by   the  Maintenance

Engi.neer  are  reported  here,   as  received:   -

The  original  3/4"   cover  of  portland  cement  concrete

started  breaking  up  after  five   (5)  years.     Patched  with

bituminous   concrete,   the  entire  cover  was  removed  in  1954
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and  replaced  with  1-1/2"   asphalt  concrete  pavement.     Water

penetrated  the  overlay  and  grid  decking  over  the  years
causing  some  rusting  of   the  form  pans.     In   1973   some   five-

hundred   (500)   1-1/4"  x  1/2"   transverse  bottom  bars  between

the  outer  three  parallel  4-1/4"  beans  on  both  outside  edges

of  the  roadway  at  various   locations  were  replaced,   and  th?

concrete  fill  restored.

Cinders  have  been  used  mainly  for  snow  and  ice

control.     A  minimal  amount  of  salt  was  used,on  occasion,

when  severe  icing  conditions   developed.

Present  condition  of  deck:   Structural  -Good;

Wearing  Surface   -   Good.

Experience  with  3/4"   concrete  wearing  surface  on

top  of  steel  grid  is   the  sane  as  for  all'  other  grid  decks.

The  problem  of  fixing  transverse  bottom  bars  between  the

outer  three  parallel  4-1/4"  I-beams   (in  1973)   arose  after

the  deck  was  widened  by   3.3   ft.   on  both  sides   (in  1946)  with

a  reinforced  concrete  slab   (See  Fig. (8)   for  general  details.) .

The  joint  condition  between  the  two  dissimilar  slabs   created

an  edge  condition  with  no  positive  splice  between  the  existing

grid  deck  and  widened  portion-combined  with  the  fact  that
the  joint  was  practically  under  the  wheel  travel  path  causing

the  above  noted  damage.     It  should  also  be  noted  that  sone

stringers  were  also  repaired  and  strengthened.     Rusting  of

forn  pans  was  more  predominant  near   the  compression  joints

and  near  the  runoff  drainage  areas,   although  it  is  also

present  in  other  areas  of  the  deck-but  minimal.
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10.       CHARHR   OAK   BRIDGE 1942)  :

40,416   sq.    ft.   of  Transverse-Type   4Z"   I-Bean  Grid

has  been  in  service  for  33  years.     The  span  is   6'0"  for  the

deck  slab.     It  has   a  2%"+  bituminous  wearing  surface.     The

present  condition  of  the  deck   (both  structural  and  wearing
surface)   is  reported  as   good.     The  drawing  received  by  us .

does  not  show  the  spacing  of  4Z"   I-beam  or  the   top   cross

bar  and  welding  details.     The  bottom  cross   bars   are  shown

to  be  1"  x  5/8"  at  l'-t,"   center-to-center  and  tbree  bars  in

any  one  span.     Assuming  that  other  details  were  according

to  the  manufacturer's  standard  recommended  at  that  time,

we  have  computed  the  percentage  of  transverse  reinforcement.

The   top   is   13.397o  of  main   (gro.ss)   reinforcement  area  and

the  bottom  is   10.50?:.  of  the  main-giving  a  total  transverse

reinforcement  of  23.89%.     This   is  significantly  more  t:hen

the  decks  of  the  Main  Avenue  Bridge,   the  East  21st  Street

Bridge,   and  the  Erie  Avenue  Bridge.

11.       NORTh   BRIDGE,    HARRISBURG   (1950

220,720   sq.   ft.   of  Transverse-Type   4Z"   I-Beam  Grid

Decking  has  been  in  service   for  25  years.     Some  rusting  of

form  pans  is  reported,  but  the  general  structural  condition

of  the  grid  decking  is  satisfactory.     The  grid  has  2±"

bituminous  wearing  surface;   and  there  has  been.periodic

maintenance  on  the  overlay.     The  construction  details  of  the

grid  are   as   shown  in  Fig. (9) .     We  can  note  irmediately  the

bottom  cross  bars'   disposition.     Only  two   5/8"   diameter  bars
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are  provided  in  a  5'-9"   span  approximately  in  the  riddle

half   ol-[ne   Span,    u..   thL   ii.;=`-.rce   from  the   adjacent

supporting  stringer  varies.     The  percentage  of  bottom

reinforcement  is   3.62°/a  of  the  main  gross   area.     The   top

cross  bar  reinforcement  similarly  is   12.60%,   gi.ving  a

total  transverse  reinforcement  of  16.22°/a  of  the  main   (gross)

area.     Weakness   at  the  joints  between  adjacent  grid  panels

exists  because  only  two  top   cross  bars,   irmediately  above

every  bottom  cross  bar,   are  welded  together;  but  other  top

bars  are  left  unwelded.     Cracks   can  easily  deve`1op  at  such

joints  encouraging  water  leakage  and,   thus ,   causing  form

pans  to  rust  and  corrode  more  heavily  in  a  shorter  time.
Also,   only  1.5"/ft.   of  1/4"   fillet  welding  of

grid  beans  to  stiingers  was  called  for.     This  welding  is
not  adequate  in  resisting  horizontal  shear  sLtresses  in

maximum  shear  areas.     Breaking  of  welds  was   observed  and

at  places  the  grid was  rewelded with  additional  plates.

A  new  bridge,  built  later,   diverted  most  of  the  truck

traffic  from  this  bridge;   and  failures  of  welds  were  not

noticed  after  that  because  of  significantly  low  stresses

in  the  welds.     Bridge  deck  is   still  in  service  and  in

structurally  satisfactory  condition.

The  important  thing  to  note  is  that  the  grid  deck

serviceability  was  never  affected.     If  tbe  welding  of

grid  deck  to  supporting.  stringers  was  adequate,   it  can  be

safely  assured  that  maintenance  prc;blems   due  to  weld  breaking

would  not  have  occurred.
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12.       PENROSE   AVENUE   BRIDGE 1951)  :

34,420   sq.   ft.   of  Transverse-Type  4-1/4"   I-Bean  Grid

has  been  in  service  for  24  years.     The  details  of  grid  con-

struction  are  as   shown  in  Figs.    (10)   and   (11).     Notice   the

disposition  of  bottom  cross  bars   of  this   deck.     The  spar.  is

5'-5";   and  only  two   (2)   bottom  cross  bars   2'-0"   apart  are  pro-

vided.     The  location  of  these  bars  is  between  1/4  and  i/3  of

the  span,   leaving  the  middle  third  of  the  span  without  transverse

reinforcement.     Also,   the  size  of  the  bottom  cross  bars   is   1/2"

square,   which  averages   to   3.1%  of  the  main  area.     The   top   cross

bars  are  provided  at  6"  centers;   and  this  provision  averages

12.6%  of  the  main  area.     The  total  transverse  reinforcement

is,   therefore,15.7%  of  the  main   (gross)   area.     Notice  also    .

that  all  top  cross  bars  were  not  welded  at  the. joints  between

adjacent  grid  panels.     Only  the  two  top  cross  bars  irmediately

above  every  bottom  cross  bar  were  spliced.     Bottom  cross  bars

and  4-1/4"  I-beam  at  joints  were  all  welded.     The  welding  of

grid  beams   to  the  stringers  was  minimal,   averaging  to  1/4"
fillet,   1-1/2"  long  per  foot.     We  can  also  note  that  at  the

joints  of  the  grid  I-becanis,  which  fall  on  the  centerline  of
the  roadway,   the  top  flanges  are  adequately  welded;   but  the

bottom  flanges  had  only  1"  long  1/4"  fillet  weld  on  each  adja-

cent  beam.     This   again  does  not  seem  to  be  adequate.     The

combination  of  a  rath;r  small  amount  of  transverse  reinforce-

ment,  weak  sections  at  the  panel  joints,   and  minimal  welding

of  grid  to  stringers leads to  imediate  difficulties.
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The  grid  decking  was  originally  overfilled  with  only

1/8"   concrete  as   a  wearing  surfa`.e.     This   caused  early  breaking

up  of  the  wearing  surface.     Isolated  failures  of  weld  also

started  within  a  period  of  five   (5)   years.     Recently,   it  was

reported  that  at  a  few  places  the  concrete  fill  also  broke

loose.     =n  general,   the  performance  has  not  been  satisfactory.

The  deck  at  present  is  overlaid  with  asphaltic  surface,   and  is

being  maintained  for  service.

Once  again,   it  is  a  significant  experience.     This   goes

further  to  probe  the  reliability  that  can  be  obtained  from  the

grid-type  of  decks.     It  has  never  been  known  to  have  caused

catastrophic  failures.     The  steel  in  grid  floors  is  the  most

important  item;   and,   as   discussed,   in  design  consideration

carries  practical-y  all  the  live  load.     Overstressing  of  grid

decking  has  lead  to  the  failure  of  concrete;  but  the  grid  itself

has  never  become  unsafe  o±  unserviceable.

13. PENCOYD VIADUCT    (19 52)

Approximately   127,000   sq.   ft.   of  Transverse-Type  4-1/4"

I-Bean  Grid  Decking  was  used  on  this  bridge.     The  construction

details  available  to  us  are  not  legible.     The  general  construction

is  as   shorn  in  Fig.(12).     A  3/4"  overfill  of  concrete  above  the

steel  grid was  used,  which  did  not  last  long.     It  is  reported

that  a  snail  area  of  grid  decking  was  replaced within  a  year;

and  later   (in  1959)   another  i,660   sq.   ft.   of  grid  decking  was

removed  and  replaced.     It  should  be  noted  that  the  grid  decking

was  not  the  only  thing  replaced,  but  all  the  supporting  steel
-2
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in  this   area  was  either  replaced  or  repaired.     What  started  the

problem  is  not  definite.     We  have  been  told,   however,   that   the

performnce  of  the  grid  decking  on  this  bridge  has  been  unsatis-
factory.     The   damage   to  grid  decking  has  been  progressive,   and

needed  relatively  more  maintenance   to  keep   this  bridge  in  service.

However,   the  bridge  is   in  service   today.     Since  we   do  not  have

all  the  details  of  the  grid  deck,  we  cannot  accurately  coment

on  it.

14.       PATAPSC0   TENNEL   PROJECT    (1955)  :

Over   379,600   sq.   ft.   of  Transverse-Type   4-1/4".I-Beam

Grid was  used  on  twenty-nine  different  overpass  structures-many.

being-skewed  and  varying  from  about  1,000   to   36,000   sq.   ft.   each.
•The  eighteen-mile  expressway  was  opened  to  traffic  in  1957.     The

1974  traffic  volume  was   22,702,921  vehicles-translating  to  an

A.-D.T.   of  62,199   vehicles.     The   deck  performance   (as   reported  to

us)   has  been  satisfactory  and  is  still  in  good  condition.     The

standard  details  of  the  grid  flooring  are  as   shown  in  Fig.(13) .

We  note  once  again  that  3/4"  concrete  above  the  grid  floor  was

used.     This  has  now  won  off .     To  our  knowledge,   no  new  wearing

J   surface  has  been  placed  on  the  deck.     Next,   we  note  that  the  pro-

vision  of  bottom  cross  bars   3/4"   diameter  at  6"  centers   is  made

in  the  middle   0.6  of  span.     This   gives   approximately   12.67%  of

main  area  of  reinforcement.     A  total  of  approximately  31.577o  of

•main   (gross)   area  is,   therefore,   provided  as   transverse  reinforce-

ment.     All  top  and  bottom  cross  bars  are  adequately  welded  at

the  joints  between  adjacent  grid  panels,   thus  maintaining  full

con tinui ty .
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A  minimum  of  3"  weld  per  foot,i/4"   fillet  is   called

for,  which  is  modified  at  the  su[port:s  of  stringers   to   take  care

of  horizontal  shear  stresses   in  the  areas  of  maximum  shear-as

the  notes   imply  on  the  design  drawing.

After  almost  twenty   (20)   years  of  service,   the  grid

decks   are  in  sound  condition;   and  since  most  of  the  details

are  well  designed   (and  perhaps   overdesigned) ,  we  can  expect

many  more  years   of   1].fe   from  these   decks.

15.    WALT unlTEN  BRIDGE (1956)

967,829   sq.   ft.   of  5"   I-Bean  Grid  has  been  in  service

for  eighteen  (18)   years,   and  remains  in  good  structural  condi-

tion  to  date.     This  original  deck  vas  constructed  with  2-1/2"±

bituminous   concrete  wearing  surface.    The  annual  traffic  reported

in  1973  was   30,349,900-which   transl.aces   to  approximately   83,150

A.D.T.     The'  construction  details  of  5"  I-Bean  Grid  are  as   shorn

in  Figs.   (14)   and   (15).     This   transverse-type   grid  deck  spans

5'-2"  with  specially  rolled  5"  I-beaus  at  7"  center-to-center

and  deformed  reinforcing  bars   (#5  for  top;   #6   for  bottom)   as

cross  bars.     The  average  top   cross  bar  spacing  is   1'-0"  center-

to-center;   and  tlottom  cross  bars  are  well  distributed  throughout

the  span,   varying  in  spacing  from  6"  to  9"  centers,   as  shorn  in

Fig.(14).     The   top   cross  bars   are  9.64"   of  the  main  area  of

reinforcement;   and  tbe  bottom  cross  bars   are  15.847o  of  the  main

area  of  reinforcement.     The  total  transverse  reinforcement  is,
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therefore,   25.48%  of  the  main   (gross)   area  of  reinforcement.

Again,   every  top  and  bottom  cross  reinforcement  is  spliced

at  the  joints  between  adjacent  grid  panels.     The  grid  I-beams

are  welded  to  stringers  with  a  minimum  of  8.57"   long  per  foot

average  of  1/4"  fillet  weld.     This  welding  was   increased  to

12"  per  foot  in  the  first  quarter  span  from  t=he  stringer

supports   to  take  care  of  composite  action  stresses  in  the

high  shear  areas.

Deicing  chemicals   in  the  form  of  sodium  chloride

crystals  are  used  as  required,  with  the  bridge  deck  receiving

the  initial  coating  treatment  during  any  given  stom  period.

This  bridge  deck  has,   therefore,  been  subjected  to  heavy

salting  since  its  const`ruction.     Originally,   a  coarse  bitumi-

nous  concrete  wearing  surface  designed  especially  with  anti-

skid  characteristics  was  used.     It  is  -reported  that  water

and  salt  penetrated  the  concrete  and  caused  rust:ing  of  the

form  pans  in  isolated  areas.     Random  testing  was,   therefore,

done  during  1970-71  to  ascertain  the  condition  of  the  concrete

in  the  deck.     It  is  of  interest  to  note  that  tests  revealed

the  concrete  to  be  in  sound  condition.     After  the  testing

had  confirmed  the  soundness  of  the  grid  deck  itself ,   the

deck  was  repaved  in  1972.       Approximately  fifteen   (15)   years

of  service  was  obtained  from  the  original  2-1/2"  bituminous

wearing  surface.
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16. RACKINAC STRAITS BRIDGE    (19 57)

177,600   sq.   ft.   of  Parallel-Type  4-1/4"   I-Bean

Grid  is  reported  to  be  in  excellent  structural  condition

after  eighteen   (18)   years  of  use.     The  span  of  this  deck

is  5'-0".     The  construction  details   are  shorn  in  Fig.(16).

The  transverse  reinforcement  on  this  grid  deck  is   34.32°/a

for  top   and  8.7%  for  the  bottom-based  on  gross  main

reinforcement  as   computed  for  other  bridges   for  com-

parison  purposes . Three  bottom  cross  bars   at  1'-0"

center-to-center  are  provided  in  the  span  of  5'-0".     All

bottom  cross  bars  were  spliced  and  the  two  top  cross  bars

immediately  above  the  bottom  cross  bars  were  welded.     The

rest  of  the  top  cross  bars  were  not  spliced.     This  appar-

ently  has  not  caused  any  problems,  mostly  because  of  well

distributed  bottom  cross  bars,   smaller  deck  span,   and

provision  of  auxiliary  3/4"  x  3/16"  bars  between  4-i/4"

I-beans.     This  auxiliary  bar  increases  the  arnoring,   and

can  be  significantly  effective  in  distributing  concentrated

wheel  loads.     The  bituminous   concrete  wearing  surface  is

provided  with  varying  depths   (3/4"  at  outside  edges  to

1-3/4"   at  the  croon  of  roadway).     The  wearing  surface  is

reported  to  be  in  good  condition.
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17.        THROGS    NECK   BRIDGE (1961)  :

221,160   sq.    ft.    of  Transverse-Type   5"   I-Beam  Grid

as   shown   in   Fig.  (17)   were   used  on   this  bridge.      Round  bars

were  used  for  both   top   and  bottom  transverse  reinforcement.

The  percentages  of  transverse  reinforcement  based  on  gross

main   area  of  reinforcement   are:   8.577o   (top)   and   17.02%

(bottom)   -which  is   a   total  of  25.59%.     All   the   top   and

bottom  cross   bars   are  spliced.     The  grid  beams   are  welded

to   the  stringers  with   a  minimum  of  10.29"   long  per   foot

1/4"   fillet  weld.     This  welding  is   increased  to  13.71"  per

foot  near  the  stringer  supports   in  the  maximum  live  load

shear  area.      The  wearing  surface  was   2-1/2"  bituminous

concrete.     We  reproduce  here   the   corments   of  the  maintenance

engineer,   as   received:   -
"Water  penet-..ated  the  bituminous  pavement,   asphalt

slurry  seal  coat,   and  the  concrete-filled  grid  deck  causing

minimal  resisting  of  form  pans.     Original  overlay`was  replaced

using  an  asbestos   fibre  modified  dense  asphalt  concrete  pave-

ment  which  considerably  reduced  water  penetration  and  con-

sequent  pan  rusting.
"Cinders  have  been  used  mainly  for  snow  and  ice

control.     A  minimal   amount  of  salt  was   used  on  occasion

when  severe   icing  problems   developed.     Present  condition

of  deck:   Structural   -Excellent;   Wearing  Surface   -Good."

The     1974  reported  traffic  count  was   34,000,000-

which   translates   to  approximately  93,150  A.D.T.

It  may  be  noted  that  basic  details  of  the  grid  deck

are  essentially  the  same-both  for  tbe  Walt  Whitman  Bridge
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and   the  Throgs  Neck  Bridge.     The  Walt  whitman  Bridge  has

been  in  service   for  18  years;   and  the  Throgs  Neck  Bridge

has  been  in  service  for  14  years.     The  performancesof  the

two  decks   (as  reported  by  two  different  authorities)   are

essentially  the  same.     Although  it  is  noted  that  frequent

salting  is  used  on  the  Wal_t  Whitman  Bridge,   salt  is   only

used  occasionally  on  the  Throgs  Neck  Bridge.      Can  we,

therefore,   not  say  t.hat  use  of  salt  does  not  affect  the

durability  of  concrete-filled  steel  grid  decks?    If  there

is  an  adverse  influence  of  salt  on  grid  decks,   it  cannot

be  significant.

18. VERRAZANO NARAOWS BRIDGE    (i964)

495,060   sq.   ft.   of  4-1/4"   I-Beam  Grid  Flooring  on

upper  deck  was   opened  to  traffic  in  1964;   and  the  lower

deck  of  exactly  the  same  area  was  opened  to  traffic  in  1969.

A  total  of  990,120  sq,   ft.   of  parallel-type  grid  decking

is  in  use  now.     Construction  details  of  the  grid  are  shorn

in  Fig.(18).     The  4-1/4"  I-bean  is   spaced  here  at  9"   centers.

Supplementary  reinforcement  between  the  beams  is  provided

by  a  No,6  bar  running  parallel  to  the  4-1/4"  I-beams.     The

top   cross  bars   and  bottom  cross  bars   are   12.37%  and  21.65%,

respectively,   of  the  main  reinforcement.     The  total  transverse

reinforcement   is,   therefore,   34.02°/a  of  gross  mai.n  area  of

reinforcement.     All  top  and  bottom  cross  bars  are  spliced

together  at  the  joint  between  adjacent  panels.     Also,   full
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continuity  is   developed  by  welding  all  4-i/4"  I-beams,

inclu.ding   the  supplementary  No.6  reinforcement,   in  the

main  direction  at  joints  between  adjacent  panels.     Welding

of  all  grid  beans  to  subfloor  beans  is  called  for  using

1/4"  fillet,   6"  long,   at  every  stringer.     This   translates

to  an  average  of  8"   long  per  foot  of  1/4"   fillet  weld,for

comparison  purposes . The  wearing surface  was   1-3/4"  overfill

of  concrete  poured  integral  with  grid  filler.     It  is  interest-

ing  to  note  here  that  there  were  no  permanent  stay-in-place

forms.     Conventional  forming  was   done,   and  concrete  finished

flush  with  the  bottom  of  4-1/4"  grid  beams.

We  are  informed  that  after  eleven   (11)   years   of

use   the  1-3/4"   thick  concrete  wearing  surface  remains   in

excellent  condition.     Annual  traffic  count  on.this  bridge

was   40,000,000   in   1974.      This   is   equivalent   to.109,589   A.I).T.

Cinders  have  been-used  mainly  for  snow  and  ice   control.     A

minimal  amount  of  salt  was  used  on  occasion  when  severe

icing  problems   developed.     Reported  present  condition  of

deck:   Structural  -Excellent;  Wearing  Surface  -Excellent.

19.       MISCELLANEOUS:

Information  on  a  few  other  bridges  has  also  been

received,   but  does  not  appear  in  this  report.     We  did  not

include   the  information  on  these  bridge  decks  mainly  because

significant  features  have  already  been  dealt  with  in  the

discussions  of  the  bridge  decks  reported  herein  (both  in

construction  of  grid  decks  and  their  perfomance) .
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In  this  report  we  have  reviewed  the  general  features

of  existing  concrete  filled  steel  grid  decks.     They  have

been  in  service  for  over  forty   (40)   years   to  under   ten   (10)

years.     More  recent  constructions  have  been  excluded  as   these

may  not  be  acceptable  as  evidence  of  durability.     One  signi-
of  decks,  which  is   abundantlyf icant  aspect  of  these  types

clear,   is  their  reliability.     Both  steel  and  concrete  ln

grid-type  decks  are  unaffected  by  water  permeat>ility  and

deicing  chemicals.     This  feature  itself  guarantees  long-term

durability.
We  can  now  make  certain  suggestions  on  significant

design  features  by  looking  back  at  the  apparent  differences

in  design  of  existing  grid  decks  and  their  influence  on  their

perfornance:   -

Grid Beans , Main Menbers

Adequate  provision  is  made  generally  satisfying

the  A.A.S.H.0.   Specification  allowable  limits   on  stresses

both  in  concrete  and  in  steel.     The  depthsof  mehoers  and,

therefore,   concrete  thickness  ranging  from  3"   to  5"   (and

up  to  6"  with  concrete  wearing  surface)  have  all  performed

satisfactorily.     These  are  still  in  service  and  are  in

structurally  sound  condition.

Transverse steel

We  have  s-arized  provision  of  transverse  steel  as

found  in  existing  grid  decks   in  the  '`Review  Table."    The

percentages   are  computed  on  the  basis   of  gross   areas  of

reinforcement,   as   it  may  be  seen  that  any  other  method  of
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computation  will  need  full  analysis  of  the  section  that  was

not  performed  at  this   time.     The  pe=centages,   as   reflected

by  the  gross  areas,   are  sufficient  to  answer  the  question

of  durability.

It  can  be  observed  that  the  total  transverse  rein-

forcement  varies   from  15.77o   to   35.22%.      The  bottom  reinforce-

ment  varies   from  3.10%   to   21.65°/a;   and   the   top   reinforcement

varies   from  8.577o   to   24.32%.      These   differences   exist  because

no  specifications  have  F1.aced  any  minimum  limits   on   them  and

engineering  judgment  varied  for  different  designers.

In  general,   no  damage  has  been  reported  where   total

transverse  steel  exceeded  187o   (parallel  or  transverse  type).

The  distribution  of . reinforcerient  between  top  and  bottom

cross  bars   is   found  to  be  compensatory.     There  has  been  no

evidenc.e  of  failure  where  bottom  reinforcement  exceeded  5%

of  tbe  main  gross  area.     However,  when  the  bottom  reinforcgment

was  widely  spaced  bet=ween   the  stringers   and  not  adequately

compensated  for by  proportionately  high top  reinforcement,

the  deck  perfomance  has  been  found  to  be  unsatisfactory.

We  do  not,   for  certain,  know  this   to  be  a  significant  cause,

because  the  unsatisfactory  situation  developed  where  not

only  was   there  less   than  187o  transverse  reinforcement,but

also  splicing  at  joints  of  transverse  reinforcement  and  the

welding  of  grid  beams   to   the  stringers  was  minimal.

Because  of  lack  of  rigorous   tests  and  theoretical

analyses, .we  cannot  definitely  say  what  is   the  minimum

transverse  steel  percentage  that  should  be  specified.

Empirically,   1ookihg  at  the  data  on  existing  grid  decks
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and  their  performance,  we  can  say  that  a  minimum  of  20%  of

gEPE±  main  area  should  be  provided  as   transverse  reinforce-
ment.     This   should  be  equally  distributed  between  the  top

and  bottom  cross  bars,   in  order  to  assure  deck  durability.

The   top   cross  bars   should  be  spaced  at  no  more   than  the  main

bean  spa.cing  for  the  grid  decks   that  do  not  have  any  addi-

tional  wearing  surface.     The   top   cross  bars  may  be  spaced

at  no  more  than  12"   ce.nter-to-center  when  additional  wearing

surface  is  provided.     Such  a  specification  for  the  top  cross

bars  should  give  full  benefit  of  its  armoring  effect.

The  bottom  cross  bars   should  be  spaced  at  no  more

than  I-1/2  times   the  beam  spacing,  but  not  over  12"   center-to-

center  in  any  case.     All  top  and  bottom  cross  bars  should  be

uniformly  distributed  throughout  the  span.     The  bottom  cross

bars  may  be  omitted  within  one-fifth   (0.2)   span   (as  measured

from  the  supports) .     Unless   determined  by  a  more  exact  theore-

tical  analysis,   the  above  minimums  should  govern.

Normal  practical  limitations. and  fabrication  of  grid

decks  by  interlocking  cross  bars  with  main  beams   should  be

able    to  take  care  of  the  above  mininuns  with  no  difficulty,

and  yet  leave  plenty  of  room  for  improvisation  of  shop  practice.

and  Bottom  Cross Bars 1ices

where  all  the  top  and  bottom  cross  bars  were  spliced,

either  by  welding  or  by  additional  lap  bars,   the  deck  has

been  practically  trouble-free.    where  all  top  cross  bars  were

not  welded,   eventual  rusting  of  form  pans  is  reported,   however
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minimal.     Simple  lap  splices  with  no  more   than  2"  welding

have  worked  as   good  as  more   conservatively   designed  ones.

A  specification  calling  for  adequate  splicing  of  all  top

and  bottom  cross  bars   should  be  sufficient.

Weldin of   Grid  Main  Beams   to   Su Orts

Most  problens   on  grid  decks  have  been  due   to  only   .

nominal  welding  of  grid  I-beans   to  the  supporting  stringers.

As  we  notice  that  minimal  welding  with  a  1/4"  fillet  averaging

less   than  2"  long  per  foot  on  stringers  has  been  mostly  unsatis-

factory-over  3"  long  per  foot  of  stringer  with  due  consideration

of  coaposite  action  has  been  satisfactory.     These  welds  shguld,

therefore,   be  designed  for  full  composite  action  of  deck  with

supporting  steel.

During  the  year  1958,   Applied  Research  i.aboratory  of

U.   S.   Steel  conducted  tests   on  4-1/4"   and  3"   I-Beam-Lok  for

composite  action.     Therein,   it  was  suggested  that  the  welds

should  be  designed  according  to  channel  shear  connector  fatigue

strength,   as   given  by  A.A.S.H.O.   Specs.,   Art.1.7.loo.      Analysis

of  composite  action  in  maximum  shear  areas  was  perfomed by  us

using  PENNDO.T  standard  designs   and  using  nomograms   to   find  the

approximate  size  of  welding  required  a.t  the  ends  of  simply-

supported  stringers.     Table  11  shows  maximum  lengths   of  1/4"

fillets  required  to  transfer  live  load  plus  impact  maximum

shears.     These  agree  approximately  with  the  later  designs

shown  in  the  Review  Table.
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DESIGtq    CONSIDERATIONS    AND   RECORENDATIONS    (CONT' D)

Wearin Surface

As   reported   to  us,   grid  decks   whichhave  never  had

any  additional  wearing  surface  and  r\aving  been  filled  with

concrete   to   a  depth  of  no  more  than  the   top     I   L   cel,   are   in

use  without  any  major  complaints.     The  structural  integrity

of   the  deck  has  not  been  affected~even  after   30-35  years

of   use.

Any  wearing  surface  less   than  1"   thick  over  top  of

the  grid  steel  chipped  out  above  the  steel  and  gave  an

impression  of  general   f,.`ilure.     However,  when   the   top   layer

above   the   steel  was   completely  removed  and   the   deck  repaved,

either  with  concrete  or  bituminous  wearing  surface  of  I-3/4"

minimum,   the  wearing  surfaces  stood  up  well  under  heavy   traffic.

Portland  cement  concrete  wearing  surfaces   (1-3/4"

minimum)   poured  inteo,ral  with  the  concrete  filler  for  grids

have  been  knorm  to  give  excellent  performance;   for  example,

this  was   the  method  used  on   the  Verrazano  Narrows  Bridge   deck.

The  additional  2-i/2"  bituminous  wearing  surface  provided

a.t  the  time  of  construction   (or  as  resurfacing  later)  has

also  given  very  satisfactory  service  on  all  bridge  decks

reported.

The  evidence  reported  in  here   does  not  seem  to

warrant  use  of  waterproofing  membranes   or  impervious   layers

of   concrete.     Existing  decks  have  stood  up  well  even  under

severe  weather  conditions  and  relatively  permeable  weariflg

surfaces.     We  cannot,   however,   rule  out   that  use  of  a  water-

proofing  system  will  improve  the  deck  durability.
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DESIGN   CONSIDERATIONS   AND   RECORENI)ATIONS    (CONT'D)

IN   CONCLUSION,   we  may  restate   that   the   long-ten

durability  of  concrete-filled  steel  grid  floors   is  an

observed  fact,   even  under  heavy  traffic  and  severe  weather

conditions.     Frequent  use  of  deicing  chemicals   does  not

affect  their  structural  integrity.     Because  of  lack  of

research  and  thorough  investigations,  we  cannot  at  this

time  propose   design  methods   and  appropriate   analyses   for

all  items.     The  data  presented    in  this   report  is   signi-

ficant  evidence  that  has  been  field  tested  for  a  long

period  of  time.     Our  suggestions  are  all  derived  from

this   data;   and  these  suggestions,   in  our  view,  will  assure

long-term  durability  of  grid  decks.

There  is  a  need  for  a  long-ten  durable  deck  today,

as  millions  of  dollars  are  being  spent  to  replace  deteriorated

bridge  decks;   and  many  more  millions  will  no  doubt  be  spent

in  the  future.     The  concrete-filled  steel  grid  decks  present

an  economical  and  durable  solution.     Further  research  to

confirm  the  findings  of  this  report  and  further  improve  their

performance  is  fully  justified.     In  the  meantime,  however,
specifications  should  be  guided  by  the  lessons   learned  from

the  data  presented  in  this   report.
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TABLE         I.

BRIDGE     NAME

1.         SOUTH     10TH     STREET

(  '932)

2.         UPPER    BLACK    EDDY

( I 933)

GHLAND    PARK

4.        MANHATTAN

(  I 938)

5.         RT.661     -MIDDLETOWN

(  I 938)

MAIN    AVENUE

( '939)  -

EAST   2l.ST   ST.
(  1939)

8.         ERIE      AVENUE

(  I 939)

9.         BRONX-WHITESTONE

(  1939)

10.         CHARTER    OAKS

( ' 942)

'1.          NORTH           ,.J,i-,

( t 950)

12.         PENROSE              \.t.-.

(,95,)           .

13.        PATAPSC0    PROJECT

(  1955)

14.         WALT   WHITMAN

( I.956)

`5.      r\A9c5Ki,NAG   STRA,Ts

16.        THROGS    NECK

(  196 I  )

17.        VERRAZAN0    NARROWS

(  I 964)

OWNER

COUNTY    0F    ALLEGHENY

DELAWARE    RIVER    JOINT

TOLL   `BRIDGE     COMM.

PENNSYLVANIA    D.0.T.

CITY    0F    NEW    YORK

CONNECTICUT    D.0.T.

OHlo    D.0.T.

OHIO    D.0.T.

OHIO    D.0.T.

TRIB0ROUGH     BRIDGE     6

TUNNEL    AUTHORITY

CONNECTICUT    D.0.T.

PENNSYLVANIA    D.0.T.

PENNSYLVANIA    D.0.T.

MARYLAND    TRANSPORTA-

TION    AUTHORITY

DELAWARE    RIVER    PORT

AUTHOR I TY

MACKINAC     BRIDGE

AUTHOR I TY

TRIB0ROUGH    BRIDGE    6

TUNNEL   AUTHORITY

TRIB0ROUGH    BRIDGE    6

TUNNEL    AUTHORITY
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LOCAT I  oN

P  I TTSBURGH

M I  LFORD  , NJ

P  I TTSBURGH

NEW    YORK,NY

M I  DDLETOWN

CLEVELAND

LORA I  N

LORA I  N

NEW    YORK

HARTFORD

HARR I SBURG

PH I  LADELPH  I A

BALT I tJloRE

PH  I  LADELPH  I A

M I  CH  I  CAN

NEW    YORK

NEW    YORK

S Q . FT .

51,000

15 , 000

I  1  I  ,  142

185 , 256

54 , 000

384.720

72,000

3 3 ' 400

212 , 400

40,416

220 , 720

34 , 420

379 , 679

967 , 829

177 , 600

221,160

990 , I 20



TABLE      11.

WELD   REQUIREltENTS   FOR
MAX  L . L . +  I . SHEARS

i"   VELD/FT.REQ.@   ENDS

PENNDOT   STD.

S5FANLE                       28 ' -o
32 I -05"I-BEAI  i

(FT.)               i      4k"  I-BEAMDESIGN    (SLABS)
\I I1.44i6.92I6.465.94I

No#C2:%S[:Z                       i            20 I•                  7  .  75i

I

W   24   X      76 i                25                                    7.21

W   27   X      94w30X116
I             ::                  i          :'.::I

w   30   X   130

W   36   X   150

W   36   X   170

coreoslTE   (N=io)

W   27   X      84

w   30   X      99

W   33   X   118

W   33   X   118

W   36   X   135

W   36   X   150

W   36   X   182

W   36   X   230

DIST.    FACTOR:

EFF.    FLANGE:
ALLOW.    SHEAR  WELI):

REF:

s/5.5     +30%   IIT.
12Xd      (N=10)    CONC.    ONLY,    NO   0VERFILL
2.4K/IN.    (2   X   106   CYCLES)

(1)   A.A.S.H.I.0.-SPECS.1973
(2)    PENNI)OT   -STD.    DWGS.    ST-loo
(3)   uss   coRp.    -   cormoslTE   BEAM  DEslGN   NOMOGRAMs
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RE     V     I     EW                TAB     L     E

BRIDGE     NAME     &

STATE
DECK

(%    OF    MAIN)TRANSVERSESTEEL I          i"    F  I  LLET   WELDIN./FT.(MIN.)

DATE    CONSTR. SIZE (SOT)                   (TOP)                      (TOTAL)

1.     SOUTH     loTHST.BRIDGE(I932) PENNA. 3" 3"   T   WITH    I    X    3/16" 5/'6„   PLUG
TOP    CROSS    BARS @   6„   c/c

2.     UPPER    BLACKEDDY(1933) N.J. 3i„ 3±"    T-WITH     I     X    3/76"TOPCROSSBARS 4.0

3.     HIGHLAND     PARKBRIDGE(1937) PENNA . 4i" 8.6 21.0 29.6 I.69

4.     MANHATTANBRIDGE(1938) N .. Y  .. 3±`'      . 12.61 22 . 6 I 35.22 5 . 625

5.     RT.66'MIDDLETOWN(I938) CONN  . 3!,., 3.35 '6.95 20 . 30* I  . 50*

6.     MAIN    AVENUEBRIDGE(1939) OHIO 4±" 3.90 12 . 62 I 6 . 52 2.25

7.     EAST    2lsT    ST.BRIDOE(1939) OHIO 4±" 5.51 I 2 . 60 18.   I   I 2.8'

8.     ERIE    AVE.BRIDGE(1939) OHlo 4±„ 5.51 I 2 . 60 18.„ 2.8'

9.    BE?¥£;TONE    BR.(1939) N.Y. 4±" .. .  ,7 . 0 I 2 . 60
I         29.6I .   .,,    .\tl..87-

10.     CHARTER    OAKBRIDGE(1942) CONN . 4±„ I 0 . 50 I 3 . 39* 23 . 89

'~.     2.. 25*

"  #;;i),!BJR8; PE NNA . 4±"I 3.62 1 2 . 60 I 6 . 22 1.50

]2.    riENRoSE?i;Bf; PENNA. 4±" 3.'0 2.60              i          ,5.7oII I.50

13.     PATAPSCO(1955) "D'l 4±" I 2 . 67 18.9                               31.57I 3.0(+C)               I

14.     WALT   WHITMANBRIDGE(1956) PENNA. 5„ 15 . 84 9.64 25 . 48 8 . 57 (+C)

'5.   !i;#!!CBR. MICH.               I 4±„ 8.70 24.32             , 33 . 02 6.0(

16.     THROGS    NECKBRIDGE('96') N.Y. 5"            i      '7.02       ; 8.57                I          25.59I11 10 . 29 (+C)

'7'  #;!!j!"8R.        i
N.Y.                   I 4±"          12,.65I ]2.37 34.o2           I 8.Oj_I

NOTES:            *    DATA    NOT    AVAILABLE    FROM    DRAWINGS.     -ASsutlED    SAME    AS    HANUFACTURER'S    RECOHHENDEDMINIMUM.

i-..--.     (+C)    WELDING      INCREASED     NEAR    S.TRINGER   .SUPPORTS.
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