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. Althouék\there has been considgrablde reésearch s
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carried out on Traffic Safety on Highways, as a whole, very -
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. INTRODUCTION _ L

< ]

« ..' b " . ) . ) * . (\s ‘

In recént‘years there has been more and mare eri-

3
A

phasis on the safety éf.trafflc ‘on brldge and overpass

structures. The’ brldge structures are de51gned to provxde
safe crossings over rivers,’ valleys, rallway llnes and other X
trafflc obstacles." Brldge structures generally serve thelr

purpose well but most surveys concernlng trafflc flow on.

LY

jpbridges have shown that many. bridges, 'by nature®of the

“structure-create hazards to the traffic. The abject of this

3

'report is to discuss such problems and shed- light on defic-

«

portant as it is closely related to the safety of trafflc.

”
f 3
- . , . -~
{ -

|

. -

L 4 v ’ . [0 .
-physical planning and-structural, aspects of bridges.

-

: tive measur@s are also discussed @as they help in reduging

actidents qndrthus'i@proving the flow of traffic..

\

-

ir

*

T 1enc1es in the planning and desxgn of ‘bridges. This is im- -

. - " 'The main emphasis of'this ;ebof% has been .put on .

(

Preven-~

L

blenms, is beihgilimited to-"Highwai" bridée structures and

their related components which’ihfluenpe the safety of,

“traffic directly; “n particular, bridge superstruetufe iss

.
-

the main topic of discussion.

S

" Irhis report, for opjective di'scusston of the pro=~




. . i v 2 - i 5!7‘!?*‘ e ‘) ' R ’
) .. .
- ~ ¢ \— o L} ’ Ld
‘The major diSCussidn’in,this report on the traf-

{

fic safegy on brldgesﬁ is due to the fact that tﬁe.bridée

-

<

ltself is only one factor among many that may cause aoc1dents

‘and 3eopard1ze traffic safety. The discussion of some’other

* factors such .as 1Aexper1eﬂﬁe or lmpalred drlvers or faulty .
v L -

vehicles,: 1s obv1ously beyond the scope.of thls Report how-'

v v » .

ever, 1t\1s sufflce to say that other sources of trouble

c A ‘

could be mlnlmlzedsthrough proper trainlng and strict ob-

. -7

/ b o

.servation of the trafflc regulatlons. : -

’ . @ ;
; /.

¢

Finally, this report explores the possibilities of °

ploying'inhovations from other technieal'fields and to

.
a 1
' .

(/Epply them as preventlve measunes on a brldge structure.

’
%

These technlques, such as “Bufferlng System" “and "Dragnet
Vehlcle Arrestlng System" are discussell to. sheu)hOW'Qhey

could he used 1n mlnlmlzlng accident severlty on future

N A
’ . . fo . - Y

brldges. ‘ . . . _ 3 ,

3




9

a

..on traffig safety on brldges. . ' St
.?" o

.
*

. forced to review their planning approach: Now they are not' |, L

. .

- 3/=
: . »

. . . .

¢ . ! B N ' ¥, <f

- ‘2. BRIDGE  PLANNING '(

. . ‘ K

+

'\f : . . (I PR v
The big increase in traffic volume and speed of
/ ¢ S e
vehiciﬁs in recent years has resulted in a large number of S N
S * . . ? - ’

accidents; therefore, the need arose to glVe more attention

to reduce theqhaaards which may be cau51ng ac01dents on e

2.1. #G‘en?rél ' '. “1 . ’ . ,

.

e

2

approaches to brldgeszor on brldge structures. Although a
great deal of research related to highway safety design has .

been condu ted, relatrVely llttle research work has been. done

8 v . .o -
Brldge englneers have only in recent years, begun to. -
g t
apply new technlques and devices to improvewxthe trafflc safety
e 4 \\
‘on bridges. The empha31s in the. past has been on the vehlcle

- with 11tt1eqmentlon oberldge structure other than brlef

. l

o . . :
comments in police reports -and newspaper articles’ such as ) . .
. . : ‘ Y . .
- . M -, . . .
"the -vehicle -was flipped by .the guardrail, or car travelled. -
too fast on a curved brldge . This¢type of description %ro—

* vided llgtle useful 1nformatlon toﬁards geometrlc ox strﬁbt-'
- w
\ural de51gn 1mprovement of brldges. For a more detailed .
e
examlnatlon of env1ronmental factors contrlbutlng to the (

increasing number of accidents on’ brldgés, engineers were

'only expected to design new, safe bridge structures; but also -

oL LT . e, \ )

to improve the conditiphs on the existing bridges to achieve‘

. . -
. v - - h

better safety records; therefore, it has become;the designerks

' 2




.. ‘gentle side slopes, propef'drainage provision, and a skid, _.

. h s

prime obligation'npt only to prov1de safety features on ex-
/

. 3
e

isting bridges, but a&so to, plan and lmplement new devices -

»

to build safer cr0551ngs in the future. & ' -,

°
, . - ”
e A ° LR . . . , LS

.2.2: " Roadway .on Bridges o , L,

:  The safe crossing record of a partjdularlbridge or
. . . o ¢ T
overpass has a definite realtion with its planning and’'en--
‘ L , o

gineering désign.;oRéadways'on bridges require proper wjidth,

£
resistant surface.‘sFor example, a .narrow- brldge on a rela-

. ’ R N

tively wider highway(system may cause accidents due to its

. 1ncompat1b111ty wrth the highway.
. rd
: vtew, functlonal brxdges should notamake thelr structures

s ,

From 7 safety point of

‘e

. .toa, apparent or cause a restrictive feellng to the drlver.

The change in roadway surface .or w1dth at the bridge cr0551ng

~ .

shOuld.be such that thereé 1s no 91gn1flcant change in the .

~

~

dr;vers behav1our.
. « 0

speed or directron,r&y'temﬂl;‘in discomfort or &ven in an ‘

Any unexpected change in the vehlcle s e

““accident. . : . - x“:‘\ ) o o
s . - . ° . v P ’ - [
D' R ‘ - * . 1 L4 = . ‘ -
- o N ) - ..' N , L
2.3. .Roadway Clearances “o. RN .« e

a

i o q ) [ {
. , Generally, nw1de brldges are rei’atlvely saf%r and *-
-« - gt '
give a sense of freedom. Parapet -walls, guardnalls, and -7
& 1ight poles placed too close to the pa emeht may be ﬁazardous¢ )

and-!ggse drlvers to shy away and make abrupt moves. -
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. v

4

The clear width of the roadway on brldges and over-.
/
- passes should be as w1de as the approachlng pavement and
AN

shoulders. In the case of long brldges,‘where large overall

§

«costs Jb not allow thlS, some comprom&se may be necesgsary.

*

bRedugtlon in w1dth of long spaQ bridges may also be possible’

Zconsidering the'drivers' tendencyito be alert and/drive more
carefuilyJ On ‘the othér hand, shert bridges are‘relatively

less expen51ve and in ‘this case there is no justlflcatlohgﬁef>

.«

to sacrlflce safety hy keeping the roadway narrow in rela-

4 !

tlon to- the approaching roadWay. ‘\ ) : ' .

C2:4. Sldewalks Co - . 2

- ]

E Provision often must be made for the pedestrlan on

.

~ the cros31ngs, partlcularly_on long structures that span over

g ; ¥ ‘ : -
'wide highways, watércourses, or railroads close to the urban

[ ; ’

_areas.. Sidewalks should only’ be provided on a brldge where

there is no other separate pedestrlan overpass avallable, . :

q

, otherwise it could contrabute to congestion and ef{ect the'

safeby of. both. vehicles and pedestrians.
* . 1 )

2.5. . $houldexs, Curbs[

\

T

Where there are no curbs on the approaches, ?Pe curb -

to curb width on the overpass Jtructure noxmally is a’contin-

uous pavement wider than that of the travelled way on the

»

approaches. ThlS additipnal w1dth of pavement would need .

s
«

&

speoial tregtment to redug¢e hazards and prov1de proper surfaoe -

to the travelling vehittles. Onvlong bridges' the curbs are

+




Y Y
.

(; ; - [ - ' -. 7 - ‘ . . M
.I . ' \ v v
usually located within the shoul@er width of the highway.
The abproacﬁ end of this curb should be extended on the
\ . - ¢ ' § \

* apprdach shouldér,and graduéllf curved away from the travel~-,

ied wdy to or beyopd theé shoulder linef .This is both to in- -

crease the visibility and to warn or deflect an 6utxof
position vehicle back into the,traveiled Qay. Onfthe far side .

* . . o

of the structure the curb should be turved away, and ‘not ‘ter-

minated abrqﬁtly.‘ ) . -

L) . s

2.6. Horizontal Alignment ;. : .

Maﬁy.bridggs are being built with curved‘alignment

1

A -
to match the layout and’ the geometry of .the highway system.
- < ! ‘
Ih the design of a curved bridge, it is_ﬁecessafy to establish
the proper relation between vehicle speed and curvaéure, and ,

also their joint relations with superelevatioh.

\

2:6.a. Side Skidding

' s 3 \ ’ '
’ side skidding on curved bridges-depends upon a number

‘of elements among which the more %ﬁportant arers yhe\speedy
S ;

A

of the vehicle, condition of the roadway surface, and the
- ‘type and condition of the vehicle tifres. '-In general, the ”
‘maximum side friction factor for good dry pavement ranges.ffom :

. about 0.5 at low 'speed to approximately 0.35 at high speeds. .

.The coefficient of friction that can be utilized with safety

‘by the majority of drivers becomes quite important for de-

.
1

) sign. The design should be based on safe structures in oper-

T ~"art_ion'with reasonable maintenance: One of the criterion in

¢ )

L providing maximum side friction factor can.be the pqint'at
) A i '6 .

-yhich the centrifugal fopce causes, the driver travelling at '

Y . . '
. ® .
N



a 'high epeed‘to recognize 3 feeling of discomfort and in-

stinctively-acts to slow down. - L N
.2.6.b. Geometry | . .o e

Oone 1mportant element of horlzontal allgnMent de51gn~ N

=

, is the clear distance on curves without srght pbstructlons,

)

.such as large sign

.

anrds or high quqdralls. Design to provlde .

adequate sight distanca may requlre adjustqvpts in the nor- :

mal hlghway Cross sectlon or change in alrénment. Con51der- "
L

lng deSLgn speed and proper minimum srght dlstance as controls,

the actual condition should be checked to provrde adequate‘

sight dlstanci for future bridges. ' . T

Theﬁ

which are 1mporta?t for the achlevement of the iafe and smooth
~ ¢ [ ] ‘l o

¢ flow of traffic¢ over the 5urved bridge 'structures. For ex-

are design controls recogn1£éd in practlce -

ample, exces51ve curvature or poor combination og curvatures

.can contribute toward .aécidents, "limit capacity, cause lggses

§xce s

in time and increase operating cost. Therefore caution should

Any

A

-
be exerZZssd in the use of compound circuldr curves.

ange ingalignment near the highwaf and bridge junction

abrupt’
* should be avoided. Such-a change makes it'd}fficult for a
driver ,tock'eep withir} his own l;ianet( To .avoid the 'appearance '
of inconsistency, horizontal allgnment should be co—ordinated R

carefully with the genéral highway profile. /"‘\
' P

5

~— ' . -
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'%.?. Vertical Alignment

It is importan£ to consider gr;des and their im- v
. pact on the safety'bf“traffic, especially)croséings over,

i . * /‘A ' - - ’ -

' navigation channels requiring higher clearances. Thisg will.

.Tcalf§§or proper vertical alignmént’tp ensure smooth and safe

+ . “traffic operations. .

’ & " 2.7.a. Bridge Profile - R

~
-~

@ . }

-

. , .+ Statistically, vertidal'éurvés have been prime

éollision docations dué.to.lackqsﬁ sight‘distance.' Even on

hj .

. LI

/¢yf modern bridges, @ith separated traffic lanes, vertical curves‘h
(‘7‘. N s ” ' . ' s aat ) . .
. cause high numbers of collisions. Often, the effect of grades A
1 . . u, ’ 9 ’ . N - \ )
. s . o on truck speeds is much more pronounced than on passenger

<

\ . cars. Slow truck movements on ramps can be annpytng to
! : ‘ . .

.
"~

other fast moving vehicles, which jay be unable.to pa%s, due

%o the restricted width of lanes on approa¢h ramps’. Bridge
- - uiakritad : )

approacQés; therefore should be designed so that the speed of '

the';rucks will not be reduced to cause an intolerable con- '

‘ .

- o ‘
dition for the other vehicles.

.

. 2.7.b. Approaches
Traffic pa;singwoven;a bridge. should be provided
. ’»" ) _v . ¢ '
N .. with the same degree. of utlllty and,safety,as of the approach-.

Sl o
N ing highway. The presence of the structure itself should not

be aughented by low geometriﬁ standards that.mdy result in
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general control for horizontal and vertical alignment and

their combination, should be adhered to’closelyv In part- . .

-
A ?

- ~ dcular any sharp horlzontal or vertlcal curves should be

’ A

’

) T avoided. A horizontal curvature that begins at, ég/neg; 5.

pronounéed crest or sag should be éveidéd:’/Tiéﬂgradients ’

which may slow down ecommercial vehicles‘or'which ﬁﬁy be , i "

1 ‘«\’ -

. o gifficulf to negotiate'when icy, should be avoided. Re-

. CE : <’ .

’ " Buction in vehicle %peed by long upgrades encourages passing
; . * and this manoeuvre. can be hazardous” ih the uvicinity of

- - bridge structures. . ¢ ) -
. . K ; Al “ , N
s ):.: T ~ Y . . ¢

: " - 2.8.. Unéerpasses

P
. A -

. - Design of thé Vertical and horigontal aligrnments of

. N . .
/ bridges should'be. the same as*that at any other location-on

-

the highway¢-\At the pregent tlme, the horizontal sight dis=— <7

’
~

~ tance limitations On piers and abutments at curves on ex15t1

ing brldges usually present a more‘ﬂlfflcult problem than .

that of vertical limitations. A curvature of the max- ) <

imum dgbree for a EIGen design speed, and the normal lateral
. f h
’clearEfce,‘at piers and abutments of underpasses should

o provide adequate stopping sight distgnce. .

~

Similarily, on bridges with sharp horizontal curva- e

. e - tures for the design 5peed, sight°deficie5cies result from

’ ‘” " the usual offset to bridg; rails,; If sufficiently flidt }
‘curvatures cannot be utilized, the ‘clearances between road-
ways /and abutments, piers or rajls should } hcreased éb

ﬁecessary to dbtain the proper sight distance.
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Y ' Af)increaSe in construction bf.JFructures ‘over \ e

ex1st1ng hlghways, in recent years ls changing the appearance

i

of safety of traffic. These overpasses built malnly to
., - . N N
. eliminate grade cross1ngs £ two roadways, not only ellmf%»

ate traffic lights, congestlons, but also ellmlnate acc1dents
i L
-and coﬁ51derably improve, the trafflc safety on both roadways.
' As a result of the publication of "nghway Design
) : . [2]

. Guidelines", de51gners across North America have taken part-

lzular notlce of potentlal hazards. Thls publlcatlon specif-

&

1cally favoured the constructlon of two span overpasses-

. ’

°1nstead of four span structures that have often been built in
the past. ® Two span superstructure rs.s?pported by a single

centre pier and two abutments. This arrfangement of removing '

the two piers close- to the roadway eliminaﬁed’tﬁe danger £0O

~—

traffic.' This publication also recommended that the centre
. N 3 .

pier should stand in awmedian width of ‘approximately 60 to

.

80 ﬁeet} asigfposed to a.yidth of abqut .40 .feet, previously

’

used .
‘ Do v The need for safer underbasses is ihdicated by re-

\
cent. studies into various aspects ‘of ﬁlghway safety. Accord-

»,
ing to flgures relgased by the Callfornla D1v1510n of High-

L6]

' ways in 1966 . traffic accxdents occured most frequentiy

in' that State when a driver lost control, ran off the highway _
b
% sand hlt a flxed object. Abutments or_plers were ‘the most

hd ’

commonly hit obJects. ‘ .i




" piers.

“Besides pndvidiné greater-safety, the' change from
S ) .
four span to!two span bridge construction prqduced\aestheti-
cally moreﬂappearing bridge structure. The:Elean lines of
~a two-span overpasETfsepportedby a single pier presents a

much -more pleesing.appearancé. This gained importance at

. 'Q )
» .

the time when the public awareness of environmbntel beauty
7 .
and safety of the users was gettlng more attentlon.

However,*the cost of the superstructure with 51ngle
span will increase as a result of doubling the span length.

The main girders will be, heavier and deeper requiring an ‘in-
. .

crease_in distance between the upper and lower roadway. Where
4 K !

the median is very narrow it will be necessary to_use a

structure. without a pier and accept the 1ncreased costs, but

1

wherever the medlan is wide enough to permit a safe/pler,
con51derab1e saving can be obtained. AddTtional safety can

also be achieved by placing a 1enétn of guardreil along the

/

toa

-.2.9.. Overpasses, . L A

.

. It may. be necessary sometimes to consider several .

alternative layouts to determine if the main road should be

carried over or under the structure. At any pirticulerfloﬂ

+

oation,'the governing condition could be eit&er topographical

3]

con51derathns or allgnment and grade line control of one

hlghway. Téé second case will become important where a major

-

road is so predominant in design that it overwelghs topo-

)

graphic and crossrodd control. Traffic on the major road may



(

.
, y
. :
| .
.

be such a type, and of suff1c1entvolume, "that humps or

dlps in its general grade may endanger the safety of trafflc

and 1ncreaseythe rate of accidents.

A new roadway crossing on an existing‘highway

.

should be given preference to go over tye stxucture as a
B ~ - J .

°

+ wider view is available from above, and drivers will have

»

) - ~ . '
minimum feeling of restriction or confinement. .

+

On the other hand mherefturning traffic is sién-

1f1cant, the ramp- proflles w1ll be best’ fltted if the major -

t

road is at the lower level. ‘The ramg\grades then aésrst

‘ turnln% trafflc to decelerate as they ‘leave the major hlgh-

LX)

way. _Merging trafflc %rom ramps will have the opportunlty

"

to accelerate as they approach. v .

When there is no pronounced advantage to the selec-
tion of e@ther an underpass or’ an overpass, the location which
will prov;de the better sxght dlstance on the major road, for

safe pa551ng, should be chosen.

Where a new highway crosses an existing xoad carry-

iné.a large volume of traffic, an overcrossing by thg'neQ\

LS

highway will e}iminate disturbarfces and hazards to the ©

~

-~

existing road ) ’ N

For a smootM flow of traffic and safe gperations at

any bridge structure, a'uniform design cfiteria should be

1

" developed to a practical and adequate level. vaere grades

« ¢

. s , ”~
drive onp'.* ) ' 3)

-

.andlsharp qﬂiyes are hazardous and are also uncomfortable to \

-y
[y




Efforts should be made to prov;de adequate clear-

ances for varlous parts of the brldge system, depending an.
- - [ N \

the: volume and the type of traffic., .. K

’ ’,

N

2.10. Use of«Modéls hj;“‘

¥ od " 21 N

. In recent ye§’§;d1fferent types of models are-

beimg used ln_the plapnlng apd designing of‘brldges. Usually i Cs
. the tast' of a model is.smali compared to the ovefall cost of

the brzdﬁé”structure. Thus, for a small expense and workin
’gﬁime benefits obtained through havimg a scale mod€l as a - ‘°3 .

tool with whlch to work are worthwhile. Any faulty de51gn or

1‘!;oss:t.ble traffic hazard can be spotted qulckly on a model,
. A

'y whlch may go unnoticed on the er plans and proflles. .
! \

Decisions can be made as how the bridge will, fit .’
s . to the s;te and its related structufes such as'ramﬁs, approach'
_roads, etc. Models can also higmlight the ¢comparative fea- ’ &
tures of aflous types of bridges, oveipass approaches pler
\

v dlmen51o S, end spans and skewed layouts proposed for a

s -

-

particular %ocatlon. T - ' . C
From a safety point of view, it is important that

drivers of Vvehicles should not be confronted with a view of'

7 a "structural forest" of turning roadways, mass1ve piers orx
L .
&) abutments to c7nfuse him whlle he\%s making a decision of .

passing either under or over a structure. Again, the use

of a model provides a ready means to avoid such undesireable
’ .. i ,

features. Discussions held around a model are more pro-

)

T i ~ . .
| : ductive when each team member has a clear view of tre obJect
. .
. _ ‘ under discussion. ‘ ( _
. -, . . ) -
) : ‘ :

. . . _ ] e e N
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FIG. 4(a) MODEL OF ‘A COMBLEX INTERCHANGE [4], -
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. \ ' . The modern +trend in bridge design is towards the LA

N . L .
R safety of the flow of traffic. A model can quickly. reveal {
. . 1ocat10ns and details where drivers’ safety is qnestlonable. , -
~ - S
. " . Models do'nog,réplace“thé‘plans,,proflle and ¢ross-section, ) “r

ds by presentlnﬂz IR

+ they prov1de

- [

7&\\\aeaah~<\\~§§hgggéftdnity to introduce any changes or ir

T——
- ~

rovements which

[N
-

~

: could be possible. ~ _ ° ’
: ° .. M < » -
. ' _ It is observed that the ‘full potential of models,

e § as a design tool, is not yet full{ recognized. Other‘possible ,
P t" 8 o Y .
,uses of the model to lnvestlgate 1ocatloni of signs and light-
\-lng dev1¢es, also need further study before.t e importance of .
*® models in these fields can fully pprec1ated It i%, hoped : l
T \., & - that 1n future, brldge planners w111 make the full use of
‘ ‘ \
} on .




: N - 3. BRIDGE STRUCTURES ' % .

3‘1 Geheral . ) + . . -/‘ *
e ——— . * . -,

ﬁriage'structures,in general, and superstruc- = C
tures in oartioulan, are respousitle for the'saféty |
of trat;;c éassing over them. Bridge structures are )
des1gned to carry}traffic loads, as wellaas all_other
llve ahd dead loads. The majorlu;«af brfage structur%s
’do fulflll ‘their tasks, but there have Been npmerous' i ’

T .
occa31ons in the past "when brldge structgtes*have ' ‘: -

!falled to W}xhstand these loads and cbllapsed causing .

heavy losses ‘of property and human 11V€SL

' - . °
- ~
~ . N
¢ .

“ R\\lf fallure of a bridge s ructure is defined ;h

x% a result of collapse, there are ;;w falluxes, w-\" -? ,f
put if non-confoam;ty with design expecgatlons ls Y.
the criter;g?]then there are many'f;ilutesi°.There .f§' A ‘

- A « .’

planation for a failure - ' . T

may be a single and simple

but usug]ly it is a combination of conditions such
as mlstakes, oversights, misunderstandings, ignorance

end 1ncompetence, on part oi.elther de51qngps\qf builder§.
' . . . - 5 I

.
-
- - N P »

T

‘. \3 " . -
Rridge fallures in recenthears ,have obliged

@Eng;neers to assess thelr de51gn assumptlons, construc—
, tion techniques, and material .reliability through @

A S | . e U ’
' [N

strict quality conrtrol. . Continuous pressure for ’

. < .
s . . : ‘ v
. ! !
. ’ " R - o
. .
.
B
.
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+ " greater. economy, both %s design and EGnstruction.hadfoften
resulted in safety belng ‘feduced t6 a mlglmum. , Y
e T There is no doubt that with advanced and so-'
phlstrcated de51gn MEthods, appllcatlpn,of computers and l
\utlllzatlon of hlgh strength materials, morég economical . S J
x\ bridge structures-can be. bUllt. But the main eon51deration v -

should always be the safety of trafflc, which canvot be

sacrificed as a price for progress and economy.

» N

. 0 N ‘ . )
i . . X .
3.2. Concrete Bridges ‘ X -
\ - Progress in the manufacture of high'strength re- ‘

'%1nforced concrete has created a fresh thlnklng in the de-
. %y
, sign phllosophy of bridge structures. Working stress °

de31gn methods can restrict the efficient use of high -

strength steel in'ooncrete. This is prohably one’of the

reasons for the wider use’bf prestressed concretesstructures
where such a use is p0551b1e even w1th1n the llmltatlon of
worklhg stres's d&sign. This development hag resulted in the !

production of Betterwbridges. Materiais have created a

ecessity for a Yevision in the maximum .vaiues of admissihle
\ ) - { o -~
\" é 9 ) ! - * »
stresses for concrete and steel of different qualities and
. s V4 .
gra&és with fespect to.the factor of safety. Bond gharac-
N\ : ' B

teristiog‘between steel and"concrete have,alséfﬂEen improved

'further by the use of deformed bars, but bond effmcxency e
'1\' . N
for quantatiwe measurement point Qf view 1s still a matter -

" of research. . : - *




. - - 2 -

In recent years prestressed box section has become

a ‘standard structural member for all slender long span-

bridge structures. These box type brldges, because of their

considérable torsional stren@th, allow themselves to be

3

L

used in skew and curved bridges. Diaphrams are often used

but the jnumber and size of diaphréms';p a hollow giraer

should-be limited to the.minimum required for structural

safety.+ These d%aphraﬁs, in a?dition to adding dead load,

. - A}
also cause difficulties in construction which could caulse

poor workmanship and contribute towarﬂs‘production of unsafe

. bridge structures.

}

»

3.3. Fatigue and Stress in Concrete Bridges

i

3

The amoupf of information on the fatigue properties

of reinforced concrete bridge beams is limited, but it

indicates that thep possibility of fatigue failure in normal

service'is remote, since the stress range~is likely to be -

-

[9]

Some tests conducted at PCA lahs however,

for further study when high strength
On a tentatiye basis, it may be 'said
be factor in normal concrete bridge.

. - -

. ! b
haviour of prestressed concrete with

.1oad1ng and 1ts freedom from harmful

de51rable bridge building materlal.
[4

t

v
1ndlcate a need

i well below the endurance limits for both steel and concrete. -

steel is to be usedu

that fatigue will not

The favourable be-

regard to dynamic

cracks makes it a highly

LY

While itAis important to induce correct pre

| N

;Sﬁess

in the concrete when curved cables are used, it is not easy
H - & . ..

s

!



"within predlcted error 1imits. When ‘the dead;ioad.to live.

in measurement of elongation and in the reading of the pres-

~ - . ) Y ) [V L

ratio' are used froigjhe standpoint of strength, it may be de-~ -

’

T D 22 -0y S

:“ a
t .
to control the prestressHpg force at the ‘centrxe O0f the glrder

n

s, a small a- ‘ t

-

ldad ratio becomes large,as ‘in long'span brid

mount of prestre581ng enmm‘axlcause apprec1ab1e error in.

concrete properties. Varlatlon in sectloﬂ\area of cable,yar- -

iatioﬁ/df Young's modulus -of cable, along with the error ‘

sure gauge, all collectively éhn cause a grave error., There-~
: b v :
fore. this aspect should be adequately investigated and con- _(

sidered both during de51gn and constructioﬁ. Concrete : '

brldge _structures, although they cannot yet be de51gned to :

extend over such great spans as modern steel brldges and

1 - . <

espec1ally the suspension bridges, have not entered the region

a

where aerodyhamic forces will be impottant.
Deflections caused b; live loads'ére’unlikely to be ¢
a_problem, if vibrations caused by sugh lsads are not objec-
tionable.* The dead load deflection ca; bs eliminated by pro-
vision of camber. If reiatively large spans tS*E;ZQkpeés

-

sirable to place a <uitable Limi& ori deflection or slab.thick-

., ; /
ness. At ,present, such restrictions seep unnecessary. as the -
"Limit ‘State Design" calls for a check on the loss of stiffness
resulting from creep, skrinkage, plasticity and&’/cracking, In . .k
. N . a '
addition, a check on local damage may also become necessary.
. . / R ‘ {
) /
FERPSN .. v
‘ . ’ . S
' . [ - [ 4
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-of end spans, and the\pase of each tower was resting on

,material used was heat treated carbon steel with yield 'strength . -

:71. The initral\failure which was attributed *to the collapse
a

"3.4. Steel Bridgeé' , / - o

( :
On December 15, 1967, a 40 year old eye bar chain'

-

suspen51on bridge over the Ohie Rlver collapsed .without

3

warnlng (/At the time. of the collapse, the brldge was belng
used by peak traffic \ﬁd the sudden bridge fallure'plunged

a large number ,of vehlcles into the river beloy, causing-. _

heavy locses.A ‘ ‘
. This suspensioq'bridge, kno&h“as‘"PleasgrtlBriaée" ’
had a,different design c?mpared to other suspension'ﬁridges,\
Each cable.consisted of 4 pair of eye bars, instead-of‘wire

stands’, and was connected by ﬁine at 50 foot intervals.’ The

y

eye bar cables formed the top chord of the stiffening truss :

over a ﬁbrtion of the 700 feet of centre span and 380 feet- (?“

3 v .
. - '
)
L. . . A

rocker shoés to permitithe entire tower to rotate slightly

under unbalanced loads. : - p T

The eye bar steel had~significant-properties; the
of 105 ksi, elastic limit of 75 ksi and working stress of ég

s the crack that developed in the'eye bar head due to the
stress concentration‘caused by friction. -(Certaiﬁ’ultra high
strength steel with yleld sqress above ' 80 ksi are suspectéd

[41% .

to accelerate cracking while under tensile stress and under

cerfain environmental conditions. The eff&ct is called

: |
"stress corrosion cracking"). . N '
. s - - i
- . . ¢ . s0 . 1) o / 0

1

!

I

LAY
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As the. nomipal stress 1n the shank‘of khe eye bar

e,
*

. approached th& ailowable stress of 50 ksi, the actual stress

at the edge of tbe hole was 'estimated at about 85 ksi (well Lo

3 ' '

above the séecﬂfred 75 ksi mark) Both analytlcal and experlment-
al. ev1dence indicated & stress concentratlon factor at the edge e

'

'ef the.hole where the crec drted. Higher stresses may ' e
ﬁeve existed in localized a ees-as indicated by’aistudy of )
re51dua1 stresses created’ by heat treatment and loading

_ history. Thus, at the crltlcal po;nt, the steel w%s llkely

‘stres%ed Well beyond yield, and localized cold worklgg

. probabl¥ occured, 1ncre§§:;g brltt;eness sqeceptlblllty to |

stress-corrosion and corrosion fatigue. : -

‘ - Metallurgical examination of the cracked,surface

° o

/\-

. . q}th the stanning election miéroscope.and other techniéues
N indicated that the mechanism of track growth was definately

associated with a corrosion process., It could not be estab-
oo A .

. ; . . i .
. a lished, however, whether this was stress qurOSfﬁn ag defined *
’ rd ‘

above or was a process of corrosion fatigue in %hich the

s

cract propogation is caused by repeated loadlngs produc1ng ‘a

&

range of stréss in the presence of a corrosive element. . Y
o a ‘ , o ‘
. - . .. '. . k . -
3.5. Aerodynamic ‘Loads on Steel Bridges ' \
o \J . .

Tacoma Narrows bridge was one of the spectacular’

failures due to wind action in 1940, after only-4 months,in

v

use. Howevezﬂ/it was not Ebe first bridge to become the vic-
v A Y . -
' _tim'of aerpdynamic instability. Several cable suspension
- ' : - (8]
l.».idges %ﬁthout the diagonal stays, used by Roebllng in .

\ - Brooklyn, requlred stlﬁfeni%g and correctloy to overcbme
© 'S

v oscillations. l?, C -t
- ) ’ .
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\ , The Tacoma Bridge}%ESign was checked for wind
lo%Es with d mgdel. These tests showed ‘some vibratoﬁ&

oséillation and latenal deflection. However, no tersional-

oscillation under strong wind-loads was prEdicted. Before.

‘pening the bridge,)to traffic, the diagonal cables were

added to connect the stlffenlng grrders to the cables at’
. ¥

midspan, and dash-pot buffers separated the towers from the

\
floor system,,all to absorb longitudinal vxbratuon" A

month before the failure, back cables were added‘between the

anchorage and tﬁe _side spans. .None of these protectlons

could prevent the bridge from going into "cork screw" motion -

whlch caused the failure of the The1max1mum

v
wind v}loc1ty at the’ time of collapse was only 42 MPH, much

uperstructure.

- 'lower than the 3%51gned wind loads.

Photographlc record of the tor510na1 osc1llat10n’

«
of the Tacoma Narrows Brldge prov1ded more exact %date for
3 =) o

aerodynamic 1nvestlgatlon of the structure than any other,

report.

1

The main'spaa‘gas 2800 ft. with two.side spans of
1100 *ft: each. The superstructure was 39 ft. wide with

stlffenlng trusses only 8 ft. deep.

at maximum efficiency of materlals/to meet the tight budget.
: d

The\two lane bridge was toodrlender for such a large span.
e

The ratio of span to truss . pth, a measure of stiffness,

Yas 350, almost double the 168 ratio in the Golden Gate Bridge,

which also had experienced some oscillation under crass wind

loads.

The brldge was de51gned-

-~

o
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" "«This design assumption is based on the prediction of the

3.6. Investigation’ Work . : ; " .

3.§.a. Ultimate Capacity of Brldge Structures \ 'w\\\
Four deck girder nghway brldges in Tennessee

.valley located-in an area td be flopded as part of a' TVA'
., e‘ . . ‘. \.
. resef%oir; were tested to failure in 1970. The ultimate

load fOf each bridge was measuredf Also the load causing
the first permanent crack was computed and compared with
/the measured load. fThese "Life Slze" test models pro-\w

vided an excellent opportunity to te%t and,compare the
. R : .

results-ofidesigx loads with actual, loads which caused
permanent damagei Each bdidge failed‘in f e,ural mode ! \//fii
bomposite eceion was lost in the prestressed”concrete

‘bridge prior td’fﬁexural failuEe,'wuth a resulting re-
duced load caoacity‘ hThe loads'based on AASHO specifi-

cation gave a lower bound to the actual ultlmate load
{10}
for each brldge. v . o

< The present japproach in the specification of
~ ~ .
American Associatign of State Highway Officials is towards

~the use of "Load Factor’Design“ for deck girder bridges.-

« N

ultlmate -capacity of the individual bridge glrders along
¥
w1th the amount of %verload that would cause first perman-

"ent get and fati ue considerations., .
g ‘ ~_ L.

. . M {

'This research project was a perfett setting to

. .
’assess,throubh-tests on typical highway bridées,'the accur-
* acy w}th which the bridge designer is able to predict the

ultimetemhfIHqEHeapacity and load causing.permanent damage.
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. A description of all 4 brlidges is given in table

¢ 1. Each of the brid@és were. 2 lané deck éirder bridges k
. . - B ) [} -

with 4 longitudinal girders. From a testing viewpoint "
‘bridges 1 and 4°were the most useful of the four bridges.
Bridge #1 was a ¥lat sag curve,-otherwise identical to ',

> .. -
bridge #4. Brifilge #2 composed of AASHO type 3 prec%st,

~

prestressed sections, was also of recent design which was
. » ) ) - . ‘
' ) a widely used type. Although bridge #3 was not.of recent
~‘ g . design, its“reinfogced cohcrete T-Beam construction was &

fepresentaéive of a number of'bridges at present in use
. 0 - .
, throughout North America. I S .

’ : « “

Thesﬁltlmate load carrylng capac1ty of a brldge

subjeited_to flexural loading dependss not QpLy on ‘its

A - flexural capacity But also on the po iﬁion of the applied
D

e ' loads. For the tests;'the loa27'Were‘placed in'such a - 4

\ way- as to 51mulate a HS lodading in the 5351t101'resu1t1ng

in maximum p051t1ve moment near the centre of a span. The
S ‘ " +loads were assumed for calculatlon gprposes to haye a uni-
form lateral dlstnlbutlon. In determlnatlon Qi the

theoretlcak\ultlmate_capa01ty, each bridge was assumed to

o [ ) . .

. L. actMas a unit. - ' . ,
v s ! { !

The 1971 interim specification of AASHO was used as a

basis for caleulations of the ultimate capacity of bridges
. . : ; ﬁf: 2 and 4. These specifications do not prdvide for t?;k
* 8 determlnatlon of ulglmate capacity of reinforced concrete
\ ' %;1dges such as bridde #3. Therefd;e the values‘of ul-

timate capacity for bridge #3 was calculated by u51n§qthe ;/

v a
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'load was increased, there was d¢onsiderable rotation at

‘jfurther, the bridde lifted off the abutment neifest the

' applied load, thus making it 1mp0551b1e to develop more

general method presenged for determination of flexural

4

/ . - . - B
capacity in the ACI code. ’ ‘ ¢

3.6.b. Failure Mode | . o e .

All Rridges except bridge #2 failed in'flexural

mode. Each bridge behayed in a ductile manner. ‘ '

Bridge $#1 | L. ’ o -

The behaviour of this bridge was almost linearly‘

elastic up to yielding point, at the section under the

.applied loads nearest to the centre of the span. As the’ . ’

® 2

this section and in turn, considerable deflection.

-

Shortly aftex yieiding began and the loads'were increased

o

L

moment at -the first pier. The b¥idge continued to ex-

perience increasingly large deflections for each load in-
- 3¢

crement until,:after a'very large deflection, yielding

-

occured" and a plastic hinge formed at a section near the
- ®

centre §}er at the end of the "cover plates" on the 51de

of the pier away from the loaded sp‘j. Shortly after

3

this hinge formed a g!éondary compre531on failure of one

»
-,

of the curbs occured at.the section of maximum posxtive

4

-

moment, and the test was ended. . - . ) ‘

Bridge #2 ) ) |
N o EN . ,
This bridge)acted in a’predicted way up to an approx- .

imate load of 950 K but there was a considerable amount of

"dishing" of the bridge at this point and interior girders

a




-

were deflected mofe than.the outside girder's. The dut— ’ .

come of thlS dishing was a tendency for the brldge deck

3’ . :
to separate from thex;nterlor precast glrders. s LT

47
At a 1qad,of approximately 950 kipsy this separa-

#~

[ v - -

" tion occured and immediaﬁely‘coqposite action' of the in- . .

a
-

_The reason for the absence of a cﬁearly defineéd yield.load

:harEEnlpg regioh while other.bars were reachlng‘yleld.

g

terior girders was lost. The behaviour Bf the bridge
e ki R
was radlcally changed.- Almost 1mmed1a€ely there was a ;

I8 s - |

o
crushlng of the extreme ;op flbre of the interior pre-

-~

cast sections' at the sectiofis of max1mu:*3ment. . This
crushing a?d accompanyiffg rotation resulted in.a redis- .
tribution of_mements at the section;and an increase in

/ N »
the moment in the ®xterior g}f@ef'., As the load was in-

creased further the interidr girdegs failed”ih shear and

the test was terminated. = - " )
./ Bridge #3 ' .. Ao o
) @ oo
This bridge‘designed for the equivalent of an_

H= 15 loadlng behaved elastlcally up. to very high loads,
. &

and it was not obvious enough when yielding first occured.

is related to the stress - strain curve for the steel "’

A “Y

bars 1n all members@gt a cross sectlon. The strain in .

the most highly stressed bars would increase to the strain

~

 Bridge #4 ' .
Y ' co
" The load deflection curve for‘this bridge closely -




. . ' s
] ' ¢ o) .
, . ‘ - - 34 -~ . ’(

. ‘ ’ ”‘ o |

% . ' ' )
respmbles that fior a typical intermediate grade structur-

- e \' "al steel: IThe‘stiffness of the bridge tp.tolyieid was h
considerably greater than predicted for a new composite
brldge because pagtlal comp051te actlon exlsted up o

< . ‘yleld. Fallure of the bridge was initiated by yleldlng : ) v

(‘ ' at the section of maximum posxtxve’gﬂﬂﬂht.' After }hls

occurance, there fo‘}owed con51derab1e rotatlon of the !

resulting plastli\hlnge ;ad very large deflection with

‘only a nominal increase in-load.’ Then‘pIastithiﬁges ’ .

formed near the 2 plerﬁ on the sides away from the loaded “ L

‘é/w ‘ centre span, and furthér deflectlon took piace w1th a re-

\

duction on load capacity. . : .

v

3.6.c.;" Code Applications _ : .

=

The ultimate\loads prediéted by thé specifications o u

were in all cases less than those measured for brldges
‘ 1- and 4. The reas;n for the relatlvely low value pre— ) )
. dicted by AASHO spec;flcatlons is the fact that no're-
* dlstrlbutlon of moments at ultimate load was con51dered. ’

%he uLtlmate load as calculated by using AASHO specxfaca-

tlons for brldge #3 was much lower than the measured value

‘is most likely due to the fact that the maximum steel

-~

stress 'Qas taken as that yield. ,&ctually, because o# the

' short yield -plateau for the steel and the fact that a low: .

j \ .
” percentage of steel was used, the steel stress. at ultimate
. ‘*;

\ ‘ . . )
¢ +was much above .yield. *

\
\

o ¢

- ! ' ;
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One important c;_opclusion was ‘noted witl? resf)ect .
to -AASHO specificatiots;. that it recemmenas'much lo%er_ DA
‘. values'gpmpated to tﬂe actual ultimate_capacity of each
. of the 4 bridées listed. éowever,'ih this experimeetal s

work only conventlonal type bridges were tested. While .

‘hew types of sophlstlcated and more complex brldges are

. belng built, réSqarch'work is needed to test actual size
brldges against thelitkgglgn assumptlon and see how mat- q)

erlals would behave under actual 1oads and stresses.

3 3.6.4. Investlgatlon Conclu51ons - ' .

N

* For all brldges excepg brldge #2 the theoretlcal

AY «

method descrlbed earlier predlcted w1th1n ‘& low error ..t

the ultimate capacity.of 'each bridge. - Value predicted o
' . .
for qudge #2 was significantly higher than the measuged

value because of the loss of composite action in the

interior girders. The mode of failure for each bridge ,)
o ' ’ , ‘ :
Ngain with an exception of bridge #2, was theksame as that

predicted. i ”
I . \ o .

. -

3.7. Rew Design Techniques : ) ' Y
N\ , , : . . —
Box girder steel bridge design was made 'famous by

the Erfglish consulting firm of Freeman, Fox and Partners

when they used it -for Severn Brldge several years- ago.

4 @

Westgate Brldge (Melborne, Australia) a Steel

[N

box’girder brldge collapsed on ‘October 15, 1970,




D

~

The bridge also designed by Freeman Fox and Partmenre,
had a cable stayed box glrder w1th a 1,102 ft. main span ..
flanked by 472 ft. of suspended side span and 367 ft. un-
suspended~side span. Half width steel box.girder‘sections
had. been installed in place When\fﬁ}lure occdred Accord-
ing to the report on the day of the collapse, workmen

had removed a number of steel bolts fr:h a tranverse

spli?e ln the upper flanhge-of the girder to correct'a
buckle. This buckle had resulted’ from placing a concrete
block on the uoper flange to corréct a difference in -«

. B
camber between the two halves of the span.

The Royal Commission listed .inadequate supervision

-

1 ‘. 0 ) . s
of inekperienced quéries :and ‘responsibility for remova%_of

y Ce
the bolt on the day of the accident as errors, by Freeman
. B . !

Fox. The Commission bointed out that if the safety factor

had been adequate, the span would not have buckled upder
N Now .

the weight of the cbncrete block, placed to correct the
camber difference.- Had this buckle not occured, thére

. v . . - : -
would have been no need to take bolts out. of the bridge

e

P—

on the morning of the collapégj_

Milford Haven Bridge, also a welded box ‘girder -
a . Y

bridge designed by Freeman Fox is being built over Cleddan

Riber on the western most tip o£/Walasi Failure of highly

3
stressed diaphram plate of this bridge structure has been

. blamed for the-fatal collapse of the 252 ft. long span.

e




-
.

-

e, L . .
action at the pier , supporting the contilevered span

7

calculations madeuafEei the collapse showed that

the Hiaphram would beginsto Ruckle when the working re-

reached 500 long tons, and Bpét it would fail under ‘a

reaction of /detween §Oo,and 1300 long tons.\,At the time

i

of the coll

s

lﬁse, the xeaction was 9633tons,.just Lpsidé

the failure range.

-

Unlike the Severn Bridge, the Milf@rdﬁﬂgLen Super-

t

“structure is unstayed and depended on depth of girder for

B

.8 -

stability. .

hd .

' \ . ‘
The investigation report pointed out three "unfor- }

f/. N

Y M ‘ N
The diaphram. could have been as much as 3/4" out of .

seen hagards'":
1.

«~ flat, making 1t susceptible to loca{ puckllng. .

2. Bearlng on the Pier wasﬁout of the line with the neutral
L
. axis, and may have imposed a bendlng momenteon the dlaphram.

3. Some bolts that were supposed to be loose were tight

and under mogfmeng\bt a 1oad"may‘have torn longitudinal

rom the bolt on flange wmaking it unstable

3

Not enough is known yet‘about the\gxact-behaviour L
,‘ [

of thin wé}led welded box girder bridge-structuregﬂ

stigfeners loose £

in coifpréssion.

s a
result of these bridge failures, strlct,de51gn requ%rements

were 1mposed in Britain by the Morrison Commlttee.)/Model

studies are being conducted to verify the recommendations.
The new rules will emphakize web and .diaphram where

o -

—

most stresses occur under variops loading. conditions and

.

. . N
; | , )
. « .
.
.. . , . ) i
- '
. ¢ .-




£

b - -38- "' ' (

. .
¥, 1 . . »

temperatufes. Thé;Mbrrison Committee reported that some

1 .

existing bridges could be unstable uqdér t:eé@y winds and
that a minor change in deck shape could make a substantial .

|
|

X difiéreﬁce. It wps‘aiso recommended that the weld size

1

should be kept to a minimﬁm to reduce the t_;ngut that‘
causes lock-in stresses. It was discouvered that flange

width ratio of 55 used in 'the girder, became critical -

! s .

with respect to residual stresses. - '
A . - - e ‘P . <1 . . !
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4. DPREVERTIVE MEASURES

. N
- . R

' S ,
- ‘ 4.1.. General . : ( -
J/ ) _ More and more attention is being q&ven to improve

techniques and devices which help to reduce the number of
° ) ~ ' ’ N\
= accidents,- and provide a safer movement of:traffic over

bridge structures. hridge”structures in the past were
designed and built for a much smaller volumne of traffic *
_wj moving -at a much lower speed. In recent &ears.,however,'
heavier and faster moving vehicles have created problems
M ; ® ' of a bigger nature., This chapter malnly deals with items /ﬁ

and devices which 1f properly de51gned and usedx will

(deflnltely help to 1mprove the traffic safe£§ on’br;dges,

\ 4.2. Lighting ‘ IR

. . Inadequate‘lighting on bridge structures will

.‘I - . affect the safety Sf traffic at night considerably.
e ' . Statistics have proved that the night 'time accident rate

//////4’ T is significantl@ higher than during the daylight hours,

. whlch to a larg egree, may be attributed to visibility.
P [6
There .is evidence that in urban areas, fixed sources of *

°

light on overpasses tends to reduce accidents. Lighting

-

bridges in rura)l areas is also desirable but the need
for it is much less than on bridges«near urban areas.
Most modern bridges in rural areas are designed as deck

~'type structures with horizontal and vertical alignments of
. L0

fairly uprestrictive type so that the vehicle's headli ts
' » R , :
have” the opportunity for maximum utilization. -

° )

/




However, bridges either in urban or rural areas

v o~ . o

need to be lighted depending upon the layout and traffic

volume involved. Bridges with horizontal curves have a 5 o

- 3

problem of the opposite type, as th? headlights of veh-l

iﬁles on the other side create hindérance due Po a

. . . . B '
S variety of vehicle directions and tufnlng movements;

the instaizgpion of metalic light screen can eliminate

a8

this hazard.’ . o ' . ' - T
. . . N N R . N
. * . At bridges, it _is also desirable’ and sometimes

€

Jf“‘“ . necessary to provide ; ffiéd source of'lighting. Drivers
o should be able to see qg;,dﬁly the? roadway agead,'but the
- (\entirélﬁurn}ng roadway aréa. Also they should be ablé »
to ‘'see other vehicles which may influence their own be-

haQiour\, Withott lighting there may be considerable
.t v , ' ‘
hesitation and uncertainty on the part of drivers, and

this very fact could create some confusion, and_contri- - -
[] « ‘ ¢ D . i

bute- to pqtentiél traffic hazards. ‘ ) - '
Where a small bridge is provided with fixed source

- = . of iighting, it is desirable that the intensity of light
§

-be diminished gfadually as the distance from the lighted

‘ R area increéées. This gives‘?dequate time to the drivers

N

of vehicles leaving the structures to adjust themselves
. A A

"to the darkness beyond. This will gliminatg the blind

.

interval experienced upon leaving a brightly lighted'aria.

- D N
. . Since eye accomodation for change in lighting requires a

. ? . H
long distance, it may be desirable to use low light in-

Zﬁ " ’ ‘tensities for short bridges. . .




> , -4l - . .

Lgghting poles shoulq be placed clear of shodlders, and

[5] '
Studies have shofsn that in order to minimize f/

e 4
the effect of glare, bridge.lights 9ﬁ3§1d be mounted

at least 30 ft. high. Lighting uniformity can be fur-
thur improved by mounqiné them at greater heights.

L “ o
with a barrier curb at the pavement edge, not too close .

~
N

Lt |
.to the edge of.the pavement. On bridges im rural area,

: . ~
pdles should not be used on the median, unless the ‘road-

way is of sufficient width. ,

Consideration should also be given to the use of
s

reflectorlzlng devices on. the brldge component such as
curbs, piers,” abutments and ralls. The greater the C

volume of traffic, partlcularly the turning traffie, . the CL

~
more important and effectlve theseoreflectors will be in

M)

‘reduqlng the number of acc1dents.

i distant properties when first plaéedl but loose effec-

4.3. Bridge surface

Most bridge pavement or, surfaces have skid .re-

tiveness due to wear. Engineers have been’ studying the |

vehicle skidding problem particularly resistance to

skidding offered by pavement surface§, for several de-
| [16]
cades. In fact, initial papers written on the subject \—)

30 to 40 years ago include many present day ideas. Todayl a\‘

as a result of ever increasing traffic volume and speeds, . -

. . M } . .
the skidding problem is rapidly gaining significance, (

v - o

» : . ’ , s N\ '
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Several studies, which have analyzed accident recgfds,

indicate that the incidence of total accidents as well .

. as accidents direébly involving vehicle skidding inf

»

¢reases significantly with decre;sing4friction co-efficient

between gﬁ:iggnt and the tire because stopping distance

he ¢
12

%nd cornering capabilities are direct functions of

friction co-efficient. high value of friction co-,

(

o ’ ) »!
efficient is highly desirable for the roadway surfaces of ,

\ . .

curved ‘bridges. X
- T .
There are certain factorspwhich primarily affect

.the wear-resistant/qualities of concrete deck én? }educe '
friction. These‘factqré can be grouped under the follow-
ing four headings:a. type of surfaég finish .
o ) b. type of fine aggregate
Cc. mix proportions
. d.qpnstrgétion.practiées. .

1161 o e(
Tests hav;'shown that concrete pavement compos of fine
aggregates with high siiiceous particle content is suited
to withstand pol%shéﬁg/and wea;ing ggﬁétas over a fong pexr-
iod of time. This siliceous‘particlg content is very
:important, and a high percentage should be uéed.

The ré;ge of go-efficient of ﬁ;ictioq values found
on Portland Cement C?h?reye can be sgffibient to rgnder

ement slippery whén wet. Mix propor- .

some concrete

tions have been found to have a bearing of friction

-

proéérties. Control of water cement rath; sand{ content,
e‘ . \ . * . . .
and curing .practices are particularly important. A

/

majority of concrete pavement gontains polished lime "

’ A Y

, .
/\ \ ’ . . '
L. v
P o
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rpavement surface, (11) Mlcrotexture, wg;ch on the ‘other

- skid resistance with speed,can be effectively provided —

jander traffic loads and environmental factors. There has

, the top of the layer cén”be significantly harder than at

\'- 437" o ) . '. ‘ . °

. . .
J v
LR

stone, river gravel and a suitable finish which ‘will -

providb a surface which will wear slowly:
{12] Y. : .
It is generally accepted that there are two kinds N

b o

of pavement: textures p ' roughness which contribute to

friction‘resistance; these are (i) Macrotexture, which ‘
L]

- is .a result of factors such as the roughness built into “

-

hand is the rod@hness‘}nherent in the aggregate itgself

whlchiprohlblts or prevents its pOllShlng under trafflc.
k % k]

" Macrotexture, needed to ensure minimum drop of,

o

only by .a proper szjface finish. Microtexture, needed T A
to ensute high skid”resistance, also is solely a function
of the surface finish. Thus the use of a propér surface

finishing for concrete pavement c%nnot be over emphasized.

-

.

' Asphalt pavement, on the other hand, can deterior-

-

ate due to a variety of cracking types or other degradation

[y b .

been very little work done on "aging gradient",<although

it has been suspected for some years that the asphelt at

-~ v

some depth, depending on how long#the pavement has beep in .

»
-

service. !

Cracklng of bltumlnous surface leyer will occur .

when the induced ﬁﬁresses, either externally applled or

~

1nt@rnally developed, exceeds the ten51;/y§trengtn of the

maperlal. The externallycapplled stresSes can occur due




\> M , .

to traffic, while internally developed stresses may be

1
[

. associated with temperature changes.

= :
In order to prevent some of th‘potential hazards -

associated with gavement cking oﬂ\bridges adequate

-

~

* thickness of surfacing materials should be used to suppoxt

-
7

the traff}c load. - . ‘ .

Fl

4.4. Guard Rails . - ' _ . )

Railings were provided on early highway bridges
. ‘ (" . ) '
%Pr pedestrians—<and slow moving vshicles. Collisions, were
S T 2 ,
uncommon, impact forces.were small, and replacement costs
. Q' .

were minor. However, over the~year§awith high speed veh-
d .

icles, and a greater vo}um of txaffic, problems héve

bjpome a major concern. Already, mahy~5ridge railings
constructed a few Years ago, are no‘longef considered
structurally sound if subjected”to the grgatef impacp
:forceé. Thréugh past experiences, eﬂginéers have develop-
ed a service criteria to apply on bridge,railing.syste@s,
besides other items, this criteria also takes into'coqsid-‘
éfationsthe folloying: A
a.\ Vehicle paraméfers, such' a physical diménSions, weight
‘ and speed. ™
b. Bridge roadway gharacteristics,. such as width aﬁd type

P

of surface. '
d . v
c. Railing type and performdnce when subject to vehicle im-

pact.

)

Py
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- T An examination of the statistics for 4 period of

three years revealed that:,

F 4 .
a. Approximately 33% of fatal accidents on pridges in-
« . ' \ i

7 ‘ volved fixed objects. - L

o !
N i

b. Approximately.22% of the fixed object fa alﬁebcidents

: . \
;. involved bridge barrfier railing systems. \ ’ >
: ) H {

¢. Certain sections of bridge barrier raili gs consti-—

futela hazardous-condition to an out of o:trol
vehicle; - N \ )

At the preseﬁé fime;'théshazardous cohﬁition of . °
N wa or cencern andlalso responsible for apprqximately 56%

of fatal accldents, is the end of the bridge ralllng as.

1nd1cated in Table No 1y of thzs, ap_jpxlmately 36%-in-

volved bridge ends not protected by an approach\guardrall,
“see Fig.'Za'hhere as approrimately 20%'invqlVed\bridge . .
‘r:ends prohected by‘an approach guardrail, Fig. fb.
' The experience indicatés that narrow bridges, which .

2 have a width less than the approach road and shoulder width . |

. present a clear hazard to approachlng vehicles. Present |

a ) ? l

T o de51gn practlces however, recomme hat shoulder\
) ) [31]

| j | Sn brldges w1th1n interstate highway systems, shoﬁld be

w1dth

wide enough, so that in case of an emergency, the:drlver .

! 4 1
. ! can maneouver his mehiclekiiIn the United Staté? of Ame;}ngj
. . pg

somefstatesfcodstruct ap ch guardrails adjacent to

. bridge ends, flared guardrails, and in some cases twist-
L3 M ° ‘
< . * |

"~ ing and tying the approach end of guardtail to a concrete

A . * o ’ . o )
. ,aniéor.. - ’ . , )
} N ‘ '
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‘

&

1

K ' (15]

It has been demonstrated by”?esearcheré conduct~

iﬁg full scale dynamic tests that the-approach~gdardrail- -~

&

and bridge rail juncture must possess structural qdmpat-

ibility, as well as alignment compatibility. Therefore,

the strength and alignment transition from a semiflexible
approach guardrail to a more rigid structural system

(bridge railing) must be provided. Current design
Comt 3 '

.practice to.achieve a strength transition adjacent to the .
. ,/“ ‘

1
4

bridge railing has resulted in decreased guardrail post

spacing, larger size posts, adequate bolting of the

approach guardrail to thé bridge structure, and anchoring

~

of the guaidrail end-. - -

In the event, when an out of control vehicle is

- . .
redirected by an approach guardrail,iavsecondary codlision !

, (ususally at a large ifipact angle) with the bridgéirailing

may result in a fatal accident. oo e

"The ultimate point of fatal accidents in this case -

~ -~

is merely relocated. Certainly the elimination. of the
. @ t ‘ . ¢

. hazardous bridge, rail end is necessary, puﬁ.it must be

-kept in mind that this may not completely §0Ive.the

problem. § For example, .it has been observed that accident

-

‘frequency may increase as the length of a guardrail-in-

-~

¢ . '
» .

' : o,

creases. ' . .
' A safe railing system should restrain a colliding
vehicle and preventga‘vehicle from vaulting, minimize T

, . v .
decelerat%én to a level which will be tolerable to the

[
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- Q;, , ; vehlele drlver, and/smodthly redlrect,a colliding vehi-

H “r A}

' .. //g= ;‘cle.“ Penetratlon of a baleer ralllng, wﬂich constltuted

ot \ . l'

¢

approxlmately 15%° of the fatal accldents most probably
l ~can- He ellmlnated by adequate guardrall de51gn.'." . |
', \ ‘ N

RN . q’ *Vaultlng of a barrler ralllng can be églmlnated ) N
Lo VBt

N v

s

e - M
LA . E » -

., ‘ 'a' by proper attehtlon to prov1d1ﬂvradequate rallrng helght o

o.‘ jw o “ 1n\add1tlon to structural strength, and the ellmlnatgon . . h

v o

¢t . of ﬁ;scont1nu1t1és ‘such as . curbs and sidewalks. ;‘f N A
‘; , ) i“'Englneers of the State of New York, Department of
:'4 A Publtc Woréi?]ﬁave developed guardralls which aﬁé capable
“ ‘of being dlsplaced lateraﬁly under colllslon forces, tteseu

H

. produce less severe impact condltlons than rigid barrler

e ‘ , I+ K
" o ,reilings. Thérefore, it is -apparent’ that further'&eduo-

. LA
s v -

; . _ tion in impact force can be achieved by providing struc;‘

- 4 2

tures capable of greater Jateral dlsplacement*of the S

¥ Voo

' barvier subjected to colllsloghforces. . )
v 7 - N ~ :

S .
LT - f R N \
N - ko ¢

4 -

\ . . .

g i 4.5. 'Snow and: Ice Control LT f N
& \- ) ‘ l n

‘ " Endineers have, for a long tame, reallzed the safety

“ o

» K1 ’
e problems related to snow and 1ce on bridge surfaces. High- -
o - Way maintenance organizations and snow removal equipment
f « » L)
AR . - usually are designed primarily to accommodate general road-

- »

way problems,'and there has been little:attention given
£ 4
& « to brldges having problems in connection w1th snow and Lce

L ' - ~a v

R e contﬁgl on thelr surfaces. ' . -

A
t 4
! 4
~
.
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L)

From a physical pqli of view, adequate snow re-
moval and storage facilities at the proper place is im- »

+  portant for safety of the traffic. Bridge shou%ﬂt&é‘must

be wid n ﬁéh to accommodate temporary snow storage.

£

The excessive snow from overpass decks to the travelled .

way bei%w can create another problem whlch should be

con81dered in the de51gn of the brldge parapet and ralls..

1? The phhﬂomenon of the brldge deck becoming sllppery ‘be- . ' |

fore the pavement of ad301n1ng_ roadway is a very impor-

tant factor that‘ihfluences snow removal and ice control
on the bridées. Melted show and ice on the bridge decks
may also result in a hazard due to a sudden drop in the ‘
temoerature. )

- Signs, railings, and other. bridge componenté 05—.‘:

struct the wind under certain conditions, causing drifting

‘ s e - ’ ©
across the pavement. Swirling and drifting snow can also ™ .

IS |

obscure drivers' vision. While selecting éhe bridge el-

ements,? the effect of drifting can be minimized by con-

sidering‘the direotion and the.velooii&rof fre prevailing

winds. ' B , ' ’
Signs, corbs ‘and traffic markings on brldge surfaces )

can be buried with blown or plowed snow.. Under certaln . P

Jeather condltlons, signs bec?me obscured by blowing,
. sticking snow-+and can ﬁijfuse'motor}sts, especially those

L4
.

‘who' are unfamiliar with tye ared.

.3 o T




Sign posts or guardrails located close to the

[N

, :
edge af pavement of shoulder may interfere.with effic-

ient plow opefations particularly when wing plows are

{

used in clean-up operations. A safety hazard is created

when the plow must pull out into traffic to plow around ' T

.

~ ]
an obstacle near the shoulder. ’

L AAséé]recomménd that roads having ‘the greater vol-
‘ume of traffic be designed <to go over the rogadway with
less traffic. This, besides other reasons, is due to the
possibility of drlftlng snow on\%he lower road.\ The .
bridge going over w%ll generally be less subject to dr%ft-‘
ing, depending on wind velocity énd direction;

Dgainage can also present&serious safety hézards
to ;raffic'during periods of‘sudden:changes.ih temperatu%és.
‘Drains should be designed and located sd that no obstruc-
tion to plowing is cre;tea durlng %}nter months. When lo-
cated in the trave%%fd way, the drains should‘be flush
‘with the pavement so thatlplow blades will ride over and(-
clean all frozen snow, ice or. debrls from the grate.

) Weepholes and sﬁbugg,on overpasses should be located shf
as .not to cause slippery or iéy raédways underneath.
- ) ° T 4 -

.
o .

4.6. Wind Forces on Mountain Bridges

<

Vehfcular accidents caused by high velocity cross-

_ winds are known to occur.in North“américa and othék parts
of the world. Dangerous conditions offen develop in
moUntaineoug terrain Where motor vehicles are suddeniy
exposed on bridge crossings after emerging from the.pro-

.
\ B \
) ( ' .
. =
‘

r
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-sometimes reaches velocities that could overturn large

’
\ f 1

tection of earth cuts or embankments.

An experimental wind screen was installed on a, '

\

two lane high  elevation freeﬁay bridge across a mountain
' - (17]

‘'ravine between San Diego'gnd/Centro, California. The

screen extends 8ft. above the 2ft. high concrete para-

) : . &
pet wall giving a total height of 10ft. above ‘the'pave-

. ment. i : o - . .

!

: The wind screen is made of chain link mesh fencing

fabricated'from 9 gauge galvanized steel wire, all of
L4

‘the apertures are fiLleaqgith crimped allumihum slats

vertically placed. The sp&ces between*he slats yield

a porosity of about 20%. T e

Before the wind screen was installed, ' the winds

. . .- ' .
truck trailers and often produced forces that impaifed
drivers' control'ih smaller vehicles. , This condition .

made it necessary to restrict truck traffic during the -

period of high winds. The Bridge Department of Cal;fd%nia
mesh )

initially furnished a wind screen made of chain.lin

P

fencing and aluminum slats for all but the topmost portion

L, a

where Horizontal layers were considered as an upward de-
flectifg mechanism. This idea was eventually discarded,
instead the air turbulance_ that developed at the faoengf

the wind screen was to.be relied on to provide any extra 1 -

| .

lift reqd&#ed.‘ This later proved to be a sound and econ-
omical decision, the higher the‘wind gpeed, the gréater \
+

‘ * \ ‘ A N
the 1ift. During the high winds, the extra lift varied

’

from 2 to 3 ft. above the top edge of the screen. ‘)

Al

Wt




BEFORE WIND SCREEN

STAONG WEST WINDS WERE TWME MAIN
R-8.CM, HEAD WINDS FROM THE SOUTH SAP
\ERE READILY TURNED TO THE TAST 8y TWR
. THONUER WEST WINDS,

MIRTORY: L ARGE. DIESEL TRUCKS AND
AVPERS WERE OVENTURNED OURING STHons
NEST WINDS

Al
WEST WINDS ARE LEPTED 25
*ALLEST VENWICLES, TRE ncm )
ARE HALF-VELDCITY HEAD

*rE- SOUTH GAR REOUC
WNDS 15 ESTIMATED AT

FIG. 7. WIND EFFECT BEFORE AND AFTER INSTALLATION :
' OF WIND SCREEN. [17] R . L
. ) N ) : LI :
. ) - ' - l e
" - = ‘ : S A R _



N <’E€§h{§s 7a. and 7b.. sh6W“De§i1 Canyon bridge . ‘
before and after the ‘erection of the w1n@ screen. ‘Tests N
ere conducted across the bridge, w1th;a small wind flag
gounted‘on a long pole and later w;th a,lS ft. pole hav-
ing elternate short and  long ribbons spaced_,l ft. apart.
' These wimd/flag-poles were quite valuable in disclosing |
that c}oes~wihds were lifted becé;se ef turbulance prd-
epded on the windward face of the screen. The amount of
wiﬁd iift-vdried with éhe wind speed thus producing‘a - {
-higﬁer~zone of protection when it was mos{ﬁneeded for |

tal}, trucks during strong wﬁnd gusts. _ -

Y T e . X . R -
. ! Since the wind screen was installed, the head wind

. did not prove hazardous during the trial period-of 24
,
, months. Largg vehicles no longer were, restricted>from’
. travelllng because of winds. -Some velocity head w1nds
\ found a prote?ted path 3i3§; the brid;g&behind the screen’ |,
but have not been a problem. '
' o The accident:reducing possibilities offered by
/ ’/59 .wind screens'appeap to haYe meretadvantages then may‘Pave ’ \
., been recognized. Thé.greatest need usually éxists wher-

> ever recurrent or persistent cross-winds lead to inade- ’

o " quate drivers' cpntrol or the overturning of vehicles.
d ‘

R ‘ These road\ Y tructuges cuz stréight t¥rough un-
dulating-fopography where pfotection alternates with .
exposure. The slated chain-link mesh'fenge seems to be e' :
one of the most economical ways to reduce accidents on

bridges or elevated Structures in mountainous terrain

-, where high winds pose danger to traffic. o -
/ ’ .
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- 5. BRIDGES OF TOMORROW

'<ﬁ v SAFETY DEVICES

.
L N
. ) } . L

5.1 General ' :

i .

’ 4
The né\e for research to ﬁmprove the vehlcle- '

safety on brldges hardly needs more empha51s. Planners

and persons responsible for the maintenance of existing:

bridge’ structures are wéll aware of the 1osses<due to

accidents. . ] . >
3

It is generally agreed that accidents on
- ' &
bridges.are mainly caused Que to the fault of either one

- . o, ” . .
element  or the interaction qf three main elements known
v . , | . '
as driver, vehicle, and the transpor#ation media, the ) |

briaqe strucﬁuré. Bridge engineers, |as paré of the safety

program, can fulfill their duty and ‘ontribute to the
l o

|
safety cause by provmdlng more funct#onal and safer brldge

. structures.- . . - ) (/“

Research work on safety is being carried out

. 9 . .
in various Government departments and University labora-

1

tories individually, and the need exists to communicate and

4 <

exchange information on a large scale to bring the research

&

findﬁrg into practleal,use at an ea ly date. This w1ll

not on}y help*to save more lives, but also reduce the

t




o

dlplication of research work at various institutions.

. ) i
« t \
1

Oné/area which particularly needs more in-

vestigation is to restrain_out of control vehicles on a

o

bridge structures. In case of collision, these protec- i

t

;ive.or restraining devices sppuld keeg;the damage to .
.miﬁimum Tevel. If these baxiiers on sides or at median .
are not st?ong enough, vehicles will break them and hit

" the.oncoming traffic or plunge doyn the btidge. “on the

other hand, if these barriefs are éoo étro%g, impact

forces will cause considerable damag £5 the vehicle and

its occupants. There is a neea to find devices'which will

v

.restrain or guide the traffic back to its traﬁélling lane-

in case a vehicle should hit the bridge cﬁrb or guardrail.
- -

This chapter will discuss briefly the devices which can

be used to reduce Ehe‘impact forces, should a caf go out
: ' . r i
"of control.

K3

5.2 Improved Guardrails

4+

-~ . During a collision between an out 'of control
vehicle and p Eﬁ;dge barrier railing system in which the
vehicle is redirqcted,'the vehicle is subjected simultan-

eously to lateral and longitudinal deceleration.

£

A copnsiderable amount of research has been




<

conducted to establlsh the 11m1t of human tolerance to

2

these deceleratlon ﬁorces. After revie ing the related
{15] [22] [33]
literature, it is concluded that a rapid deceleration at

the center Qf gravit? of a vehicle ~or a period of time

is. cagable of produ01ng serious 1n3ur1es to an unrestralned -\,

occupant of a Nehlcle. The Natlonal Safety Counc1l of USA

developed, a rational damage scale which employs phctographs

' '

. A | v
of damaged vehicles. A set of, phetographs of damaged s

Y

“vehicles rated from 1. (minor dgmage),tc 7 (major damage)

. v . 7 R .
was employéd by accident investigators at the scene of* f/

- . .. ‘

‘each accident. The data represented accidents involving

951 vehicles in which 184 injuries and 7 fatalities occurgd.

Through ﬁhe analysis of these results, it is demonstrated

tha% the cars in which most injuries occurred. were vehicles

™

‘may include the following points:

rated seven point on the vehlcle damage ratlng scale fhis

conclu51on provég“clearly that the degree of 1n3ur1es has

i

a direct relation to the damage done to a vehlcle.after a

2

collision with barrier guardrails on a bridge structure.

-

The primary objective of research work should

be to establish a criteria for a bridge rail 'system to serve

a

as a basis fog design. This criteria may, also se%ve as ) -
a guide for ‘examini éxisting rail design and as a basis

A : T . oL \ ’
for preparing futu recommendations for improved safety.

Therefore, design criteria, besides’ other considerations,

)

»
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Y

a. A bridge rail'éxﬁtem must smoothly redirect a colliding

»

vehicle. . o . LT

' <&
b. A‘bridge rail sys%em.mhst.remaiq iatact after a col-
lision. d B ' . > ‘ . : ' (\
¢. A bridge rail s?éte% mustxlateral%& restrai? thé_crash- .
' . _ '
{ | -

. A bridge rail must minimize vehicle deceleration.

\ing?ﬁehicle.

e.,ég bridge rail must have g,compétible approach rail to |
" prevent collision witﬁ’ the end of the brid\ée.

‘f; A bridge rail must permit adequate visibility:

g. Safet§ must have priority over other design considera- (
. - ’ F ] .

tions. , .

<

’Type "20" Bridge Barrier -Rail. This guardrail has been
deve%oped by .the Bridge Dééarpment of Califorhia Division

of Highways. This consists of a single steel rail mounted

5.
\

- . . R ] . L . * .
.12 .inches above the top.of a 27 inch-high contoured con-

-creté parapet wall (Fig.»8). The test carried out at a ‘ .

speed. of 45.to 66 mph. and at impact angles of 7, 15, and

)

25 dégrees; the results showed that this systemiwill’retain-
i - -

and redirect a 4,900 pound passenﬁh{\:ehicle-colliding at’

speeds up to 65 mph and at anglés;of to 25 degrees w&th

the barrier. It was observed that vehicle damage increased

as the-‘angle if impact enlarged.
. . N . [31] -
. A test by the California Division of Highways .

s



) t
v showed definite reduction in damages suffered by "the

[ - r

vehicle strlklng thJ.s type of barrler rail.

Al

cor\%oured trafflc face deflnltely mlnlmlzes the’ collision

- severity at shallow angles of impact.

P

’ ) rigid bridge barrier rails, when impacted at greater

*
approach angles.

S

5.3 Improved Barrier Curbs

i :

L4

L 3 i ' .

The Type *“20" - '

.. Bridge Barrier, however, does not offer any advantage bver

Generally, on highways and bridges, curbs ar

in orderly roadside development.

- N «

1 . L

di'reéted to the éafety effect curbs have in redirecting’ .

1eaving the roadway, delineate the road

This

strayed vehicles back to the roadway.

iscussion is
%

used to control ‘raiﬁnfaal_l dra%nage, deter vehicles from -

edge and as an aid

The curbs under )

consideration are the type commonJ.y cagi’led barrler curbs.

$igned to prevent vehicles from leaving the pavement,.

. \) . : are between 6 to 52 inches high.

#often rounded or-chamfered to d~iscourage the wheel rim

- from biting into the curb face.

The use*‘ of the curb as a device for redlrectlng

’a) ’

The upper ,coxner is’

}

¢

@

These curbs are relatively high and steep-faced, are de- .

and,
]

vehlcles has been cons:.dered by de51gners since the early




. a )
» days of bridge construction; however, this use has never

. . . r

5 been universal. Particularly, in recent years, low bar-

E

tier curbs (12 inches in héight or less) havynot been dsed

for redirection. It is suggested that driverﬁ tend to , v
veer away from structures having d formidable appearance, N
- [29] e

but evidence- :mdlcatr(e that drivers soon cbecome accust?x&ed
» ~— £y

o

te such'{structures, and\after a reasonable period, use the .

. K
. full width of the roadway. In any case, ‘curbs placed a .

o « -

. ' short distance beyond the trafflc pavement edge‘_ cause lit-

tle reduction in effective lane w1dth. b

.
Ll

1 . to, i .
In }erms of redirection-effectiveness, a curb whose
. - ' leight is bel-ow the centre of mass of a vehicle will cause - ' |
;u
o

verturning 1mmed1ate1y upon impact.- Therefore,| a barrier ' Co
. -
curb of llmlted helght can never be expected ‘to redlrect

. ~

\ a vehicle over the full range of operatlon impact condltlons. l_
On the other hand, the range of condltlons under which |a

N
curb can be effectlve in redn.rection of a vehlcle, and

-~

damage result:mg,from striking the curb w11;l_. be_ far less
1

than that whichL would result from striking a guardrail. .

Y . ' ’ o
. »
- The first published research on curb mounting

and redijrection was carried out in 1953 by the california
[30] s '
DJ.VJ.s:.dh of Highways. The research consxsted of full sc;‘le

impact tests on eleven (11) curb cross sections. The two

y > L

9 inch curbs, V and VI-M were found to be most efficient

r *n redirection. , 5




As a resuvlt of these tests, a second series of
{31] f.
barrier curb tests was undertaken in 1955. Four basic

cpdﬁs sections were tested, shims were used to achieve '
) Y . - : . P '

a desired thickness. thclu51ons~1nd1cated that an

efficient barriér'ihrb should be at least 10 inches high,

to undér cut, and-have a moderately smooth surface tex—

ture. 2 smooth surfgce tends to redirect a vehijcle
Y y ' .

ic at a reglatively high angle. The upper

corner should ounded so as to reduce the tendency of

the wheel rim to grab onto the curb top. -° R -
- ’ ¢ ‘ ' . & . 3
/ l . [32],; ‘ ¢ o .
The Canadlan test copducted as part of a larger

e

study to determine the eff1c1ency of the curb in coifi-

“ . » > 13
bination w1th various guardralls as a redirection sys- -

%em The cross section 1s shown in Fig. 8b. In an '_‘ p

(334

’ Lnterestlng series of teésts conducted in England.the .

1

E £

redirectiﬁe chaiacter of the "?tief Curb" was fdund‘tg

conform to the equationt

V Sin X = Constant =,Kt...3.....<2:.....(l)
-. - . -
where: - . . ‘ . e o . A : .

.V

i

X

Impact Velocity® | :

Iﬁpact«AngIe R . .

In. 'effect, whenever the component of vehicle velocity nor*é

mal to the curb was larger than the fixed value, the veh-

[ 4

8,
icle would mount, below the value, redlrectlop would

LY

occur. . ' ‘ ¢ \ B

rt N N .

: Lo, . e -
- - L4
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+  The lnfluence of. tare cuﬁgﬁfrlctbon Sh mountlng was con- B
Wt A
d’ in°those’ tests. Mountlng veloc1ty at a 15 degree L

1mpact angle 1ncreased from 12 ty/gh\when the tire and

“ . . r . .
cu%b.yere wet. v . © ' .
- N ks . , o .

AR . . ' > N Q\
(. ’ IR The development of efflclent ba&rler curbs and . °

the’assésémeht of the%?ieffectlvendss seem well worth ‘the

' effort_ It is evldent that. a carefully designed barrler
c.th can be effectlve 1n redlrectir;g ,veh:;,cles back .to the / :
oadway. In addltlon,ovehrcle damage will be substantlally SN

. .

leSSowhen a- vehlcle impacts w&th a cu;b than whén it runs .

—_— » b

“inhto aiguardrall. 3 v ..
.y S
:\."...4 - ’ . e L 2
5:4 Curb - Guard¥ail Combination - : “a ,
e BN T . g L |
‘Q' .' .\\\\}: .n . ‘: .J..' "h \‘}
.~ . 4Combi atlon of curb*guardrall represents a
~ . !

marriage of two effective devices to'improVe the safety
?

L 3
= - .
. * ' — -

of vehicles’ n bridges. The utlllt of uch'a comblnatlon b
1% /’/XA_,/S

»

1 ot
§eems obV1oue; vehlcies strlklng the curb at small angles’

o
afe redlrected w1th little damage, but for veh;cles cllmb-

Y.

\%ng the curb the guardrall*acts as-a poé&tlve secondary ",

“ e 3

. retainer. Inwthe United States of America, a numper of kf}:
¥

different curb—guardrall comblnatlons are rnsta;led at
5

e . . numerous locations aiong'theﬁh}ghways and bridges. @he , -

.variety of system is the result of deéign changes and im-.




has shown the tendency for.vehicles to bound info the air

; ‘ “ ¢ ’ -

N ) [
provements in both curb ap&’ﬁuardrail standards.

The p?imary'qyestﬂon relative to using a com-

. v ,
bined curb—guﬁrdrailﬂsystem, is whether the curb contri-

- butes adzsrsely to the redirective performance of the

[33]
guardrail. In a single case of vaudting, a 17,500 pound

c1ty bus struck a concrete b};dge raly//brcke through the

' rall and came to rest s#raddllng'the rail. - It was un-

L)
certain whether th structural fallure of the rail con-

S

trlbuted to the final p051t10n of the bus, or whether no
. )

vaulting would have occured if the raill had remained intact.

Despite 1nconclu51ve results, tQ@re was no proof that

{ - - e

vaultlng could haVe occured as a result of curb—guardrail

-

S

dynamlc interaction.
' ¢

Curb-gyardrail combinations of varibus. varieties

s . b R \ . . ’ .
have been tested bywseveral organizgtions. Dynamic data-

k 4

4 .
»

" aftér a curb,impact. The possibility therefore exists for

‘

a vehicle .to receive a jump im@ulse from the curb and vault

over the adjacent guardrail. During a study of varlous
[35]
types of curb-guardrail combinations, no conclusive eV1-

dence of & vauYting problem has been identified as .the

result of curb-guardrail combinations under study. There-

s

fore, although intution suggests, that vaulting is a

L]

A - .
, potential problem, this has not proved ‘to be the case.

..
2

AP}




) be expected to be redirectedf

- highways in general and on bridges

energy absorbing-devices very attractlve.

\

in redlrectlng the vehlple. It mus*

v

However, care shouid be taken to ensure that the height

and setback of guardraiis installsd behind curbs satisfy
. o ,

-

the prescribed minimum.

o~

1 L

¥

A recently develope?3b?rr1er curb appears to °
6

be an efficient redlrectlve dewvice. Seventy percent of the

vehicles striking this curb in urpan traffic conditions can
Vehicle damage in these en-

i

1
counters can be expected to be modest, and far less than

what can.be expected if the vehicle were to strike a

4
guardrail.

o

1n1t1ated to better define the cross section for a barrler
‘ .

curb optimize for redlrectlon
\

total redlrectlve performance of this curb be optimize§ in

It is also recommended that

" combination with guardrail. N . '

4
.
- ~ . -

5.5 Bufferipg System

-1

A ‘current awareness of traffic safety on

5

in particular makes

,[23) .
patents;.NASA holds the patent on energy-absorbing de-
' “w * i
vices.‘ The system is somewhat like a_ structural column) *

!

Flg. 9, that must absorb axial loa s in reducing the speed

. 0f a vehicle, and w1thstand the bendlng and shear forces

alsogabsorpyshear

b

\°

- . » - !
R : & . '

It. is’recommended that further research bpe h

Among_other !

_
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a

. €. Action of the vehicle during and after01mpact.

. ) ‘ . . -I ' j. — )

and bending dh the*vertfcal’plane to compengate for

accentric ioading'aue to differences in.the relative

«

heights of the mass centre of the vehicle and the impact

ebeorbing,system. Therefore, the action of the vehicle .
during an impact is 1argely'a function of the reacting

forces generated by the system, and axial deeeleration is
governed by the collapee of load absorbing columq of this

system. g . L 3

Functional buffering systems for out—of-&ontrol
vehicles should be deeigned and ;properly tested “with pef—

formance-design criteria, have been established. ToDdefine'such

T .
crlterla, three magor points. need to be clarified for propif

shock absorblng system design:

../é. Range and probablllty of vehicle dynamic conditions e

prior to impact.
- s “&
b. Relatjonship between the t;me deceleratlon hlstory of

9 .

-the vehlcle and resultlng injury to vehicle - occupant.

[

o

With performance -criteria available, it will

¥ L

be possible to evaluate objectively; the effectiveness of
‘ %
evailable bpffering systems,}bnd then these systems can be-

termed either effective oriineffective depending, on whethex

*.they can satisfy the existing performance criteria.

~
\ N Q‘\
% PR ’
.



® In pract%qe,‘a compiete buffering system is’ a fairly

-

complex~arrangemedﬁ‘of‘ehergy—absorbing units and tie-

down, interconnecting and load-distributing elements. How- ° (/

ever, most of the available' energy absorbing devices can

’ > -

be engineered to operate ovér a wide range as vehicle im-

i

,.

pact absorbing and dagaig reducihg devices./

In the initial stage of a\study at the University of

Denver, National Aeronautical Space Administration had Si/#
different devices available for application in bridge and -high-

way safety programs.'Thése devices were checked for their

sérvice reliability; reusability and material efficiency.
As vehicle impacts ca; occur over a Qide range of positigns
and directions, the proper function of these devices under
a rfstricted range of loading directions, required the
proper and adequate suppor2>afd 1oad—dire9ting structures.
Experimental studies sgill being' conducted on these de-
‘vices. The progerties of the selected energy absorbing
bumper will be used to develgb effective safety devices for
highway'br{éges. It is hoped that regéarch work will pro-
ducé useful results and in the near future could provide
usg" with many effective devices to reduce. the severity of

" accidents and cost of replacing damaged highway structures.




5.6 Corruéated.Metal Bufifer

!

A new type of energy—abso&bing buffer is being
: [37] ’
developed in the lab'which is mainly made of corrugated

. I
metal elements that deﬁorm pla%tically on 'impact and' ab-

L4

sorbs the energy of the impacting vehicle. ' The buffer has .

. L]

a paraboiic shape to form a g(adual transition betwegn an

» - e

energy-absaorbing buffer for f#ontal impact, and an energy-

'absorbing'guardrail for side impacts. The model-buffer
’was‘fou£d3%o perform welltin a varieé& of situations in-
cluding héad—onkanglgd, and glancing:impééts. The foll®wing
performancé criteria was used in'é scale testing at Denver

. : - [34) :
Research Institute:

a.‘nThe forcerisplacement curve should’be such that a 1{

range of vghicfes cén be stoppe _Qithout eicessive

loads being imposed on the 1igh§er vehicle 6r ex?essive

~ stoppage distance beiné required for the larger vehieles.

b. The buffer mass acti&ated qF impact should be small com-
pared éo thi &gight of the impacting vehicle. |

, c. Buffer deformation and motién shou}d.be localized to the
immediate area of the impacting vehicle.

d. The buffer should not produce significant angular ac-
celeration until the vehicle has been entrapped. -

e. Theziateral»stiffness of the buffer should he increased

greatly towards the base.

.

The objective. of this test program was to develop a

simple, inexpensive buffer satisfyipg.}ﬁe above mentioned




o r
s criteria and capable of pePforming well in a broad

spectrum of impaia situations. . . \
t o i

The idea of usiﬁg these pa;abolic cofrugaﬁed metal
arches was conceived to apply them parallel to the surface
gf roadways sd that.they would form a guardrail fo£ a
glancing side impact and would deform‘to absorb the enérgy

of a vehicle impacting.the nose.
-

Three types.of metal arch buffers were studied in the
course of projecty) Type 1. consists entirely of two or more
parabolic corrug;ted metal arches, type 2. consists of metal
arches and barréls) and fype 3. congists of corrugated metal

arches and corrugated metal stiffening elements.

t

The corrugated metal arch buffer, although, simple in

design, performed very well in a wide variety.of scale-model

impacK&ng situations. The type 3. buffer has demonstrated

~

an overall'promising performance, which may soon qualify
\
-

it to be used on highway bridges. 1In additiqp, barriers

could be used at locations where lateral space is limited.

. r . .

5.7 "Dragnet'\ Vehicle Arresting System
H

’

Vehicles crashing into bridge guardrails oy abutments .

-«

havé forced mésearch engineers to find new methods and de-

0

vices to reduce the crash impacfé and damages. This con-

1 - | N

3
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RY

trigyted significantly to'thé development of new concepts 2

Y

to increase the traffic safety, and at the samertime de-. .t

%
7/

. during -the periodffrbm December 1967 tb November, 1968. The

a

termine the applicability of new safety devicgs. o
. . . - i@

. ' ;- 4

One such device already existing and being used in

[24] ", ' -

other fields is the "Dragnet" Vehicle Arresting System by N '

. \ _ (
Van Zelm Associates, Inc., of Providence, Rhode- Island, ®»
.U. 8. Al The system, which consists of a steel net, fig.
;Ak____:/__v____a,_ ‘*——ﬂvv—v’:*:"“" - . "—‘r
10, attached at each end to metal energy absorbing deyices, S

has been used on "drag strip™ raceways and in improved
. 2 <
forms, for airctaft arrestments, but so far .not used widely

on sui;able locations on highway;bridge structures, This
may be due to the lack of independent ,testing of the

syétem for.this‘application; 'l

L]

The system had been subjected to six full-size auto-
[24]

. mobile crash tests by the Texas Transportation Institute

.

- main object of these tests was to evaluate the performance

-

. of the dragnét system in stopping an out of control vehicle

-

over a relatively sh&rt distance with acceptable decelera-

tion levels.

The energy absorbed by the metal benders ranged from

50 percent to 96 percent. There are several reasons for

- o

. . { v . N e
this diffexence. In most impacts there \is some gravitational

\\_‘ 2



S

+

xshowea that fairly accurate;predictifn of vehicle stopping
- ¢ H i

]

pouﬁ\aial energy gain caused by the tendency of the net to
pull the vehicle down \Ln front-and the tendency for the rear

end to rise. This resuld in an increase in the elevation

L

of the vehicle's centre of gravity. In the case of impact
with an angle, there ﬁay be a.significant amount of hori-

‘zontal rotaﬁiqnal energy present. Also present may.be

‘transverse rotational energy which is 'defined in the same

-

_way as the horizontal rotational energy except that the
\ a <

masé momént of inertia gnd“anéular velocity are about the
.longitudin;l vehiéle'axis.‘ ?ther energy expenditurgs may
be accounted for‘by tﬁe axial ‘strain energy that goes into
.the cable and tapes of the d égnet system, ‘- the veQ}cle de-
formation anq friétignal losges of-tﬂe vehicle with the

pavement . .
AT
-

The "Van Zelm Dragnet/ Vehicle,ﬁrresting System prox}ed

excellent in four out of thé six tests. Deceleration levels
+ n . ot J
|

. were reduced in rigid-guardfail impact. These tests also

., - . ' . ! .
distance and deceleration can be obtained.

I% was recommended by the body conducting these tests,
thatythé dragnet system is an effective, practical and
economica% system for safely stopping vehicles that are out

of control. It was also recommended that the dragnet system

, . can be applied to a median on two-way traffic bridge to re-

duce collision impacts of traffic graveiling in opposite

i



L 4 4 ~
N -
' .

directions. App}icaﬁion of the dragnet system can be
/'/ ! . . ' R : . o
- extremely helpful on long bridges-over rivers or water

L} . s p
bodies or elevated }Yong structures, where the incidence.

. : S . . ) \\
of vehicles plunging may be feared. However, this system\

- .

may have its limitationsj . long trucks or trﬁck trailers
- cannot be expected to‘deceierate'ang stop, within the same’

reasonable distance ‘as passenger vehicles.

-

‘ . ‘ v ’ ' A

T I 3P
’ . )f\ - ~
¢ 5 /. N
[ ’ o ~
. "
)
'
- N
* 3
L] H '
\ ~
s -
s
- lu
¥
° 1
- \ X .
- \ ' " -
e [ R
. .
- . A ,
. . - . -
» . -
J ' -
. .
»
’
< \
+
] - v .
‘ ¢ .- ' '
- Y =
v o
x - N
° .
* . - r

o




8

@
) . . } "
6. SUMMARY AND CONCLUSIONS~ ‘ & ' ,
. ! . - . , R . B
!/ Co P ) [ . \
S The statistics of accidents on,bridge structures = %

q’ demand systematjc and carefullynplanned research work.

Fortunately, .the'reéagrch work carried ogt at the pre- |

/// ' sent time is an unpresedenghg level, but still, major

. « ° SN
\ ) thrust of research work is aimed towards” highway tnéffic
. . , ‘ . . ? .
' - M ] . . &
Y, safety? and ‘there are very few -programs being carried o @

a '
out with specific safety consideration on bridge struc- ;ﬁt; ’ 4

‘tures. However, there is still ipnsiderable need for . >

) researph work in this particular area. There 1is ﬁeed!!L7'
onal

-
for additional work to improve and develop more rati
(2]

bxlqge désign approachs. "This should also incorporate ®

(=24

A

’

the methods of estimating bridge rail defqQrmatior under

. . Y ? ‘- Nl @ - -
¥ specified load conditions as a function of the structuxal ‘(f |
and material properties. The amount of vehicular traffic, '’
. . ? Y}
$ ' " _design speed, auto dimensions and weight and;similar in-
t

. e e 1 . ' .
, o Jformation must be based on statistical skudies. Develpped

'

+

de51gns should be tested on a‘full scale ‘to determlne

adequacy.of material, structural system and be%aV1ou; of. \g\
4

.7 .’ - vehacle in relation so\fmpact. ‘\- o A
‘- 4 " Through the exploratory work in this ;be31s, ‘the )
R ' wrlter hasﬁénﬁblhded that there is no one: single factor,
{ _ ‘ -" . but rather the’ effﬁﬁt of many fautors whlch gontrlbute to~-
\ - : \ ;i’ ward the accadents over bridge struotures. It lsxa}so
? § . . observed that it will be iather difficult to el%minate

]
o . )
L. accidents completely, bu through research, the number
S r .

of accidents can defipitelXy be re%éged., It'iE also yn- b ~

-~
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realistic to expect any single breakthrough to enswre

- ¢ - - . . ’
“wtraffic safety as a whole, but instead, individual.pro-
. % . ‘,n . . .
1, - jects and observatiops will produce fa ts{and devices -
AN ‘ ﬂ‘ * a v
\ whlch will, some da; in the near futurg, .provide a sol- -

ﬁtlon td’ present day safety.problems n bridges. With™

‘ 4 N
; ever increasing trafflc volume, ahd aCC1dent rate, there

.

‘

sijady all the Rhy51cal, structural ‘and other ralated

‘ a‘ ts and be able to recommend uniform cri;eria for

¢ / ¥ 4
QOne iﬁfa whlch should dOmlnate the research pgo- .

gram is the need to 1nvolve the personnei respon51oYe for

the operatlon of traffrc on hlghways and brldges. ezE’ost
2 : - .
ogeratronal personnel:1n,br1dgensafety prdgrams se to

- '5 L. . s - . - o

be'concerned only with the apparent accidents causing

¥ 4

problems and ; rather neglectlng other apparently minor

-

factors whlch contrlbute towards the aocaaents. Involve—

™ nt of personnel respon51ble for the trafflc operation
r 4 : \a- AN
on, 1dges can expose many more factors 1nfluenqgng;the

~

°

sthld bé\a team work research and not purely adademic

.orzented research carrled out by hlghly SOphlStlcated \
’ - . . .
experts. - ’ T e )

s - 1
‘e N R 3 - ol

-

- {1 ¢

Committee,on hl%?way safetyvln 1964, one speaker de-

,5cr1beg -a Very 51mp1e flndlng,whlchundoubtedly could
L | ‘

.
/
° .,'} o

\

plannlng and de51gn of brrdges for future 'traffic demands. '

L) s oo .
vehicle® movements on bridges. However, the main thqme Y

-
|7\ . Q .‘:fp

At tHe meeting of The' nghway Research Board o

»]




‘ 1
,the head oé a bolt and nut to hold guardra§1s in place.

14 . a

‘He’shOQed this example to emphasize the need for»sys—
.o° tematlc procedures for*&mplemantlng‘suqh ﬁlndlngs.‘

r : uﬁh“ﬁlscoverles will cd}tinué} p0351ny by means

H »

@

" of systematic research, Such i vestlgitlon~wor3,;s needed‘.
im ‘order. td~create aclimate of understanding of accidents:

o
S

' and therefore reboﬁnize and iﬁplement the remedialcméa—

‘ sures or dev1ces to lmprove the safety records on brldges.

v b
"It is felt thatadesrgn methods for brldges must be

El

N
kept under constant review, particular: attention belng

s .
’

paid- to”the broad philosophy and cofjcept of desigh, as

" well as.to details., The rapid devetopments of modern

-~
'

tr@es and gthe 1ncrea51n§“number élze, scale and scope.
of work will make. bridge de51gn much more complex than
. atgpieseni, It will beﬁpecess;ry in future to de51gn. ’
- more caﬁsiously, taklng into consideration all p0551ble
and,foreseeable condltlons as precisely" as p0351b1e: / ‘ o
o “The va%ue of knowle‘be galned through actual ileld Coy

expe%dence.cannot be over—estlmated. Such knowledge is
: C Lo

essential ¥or establishing service-ability conditions of
' . ¢ . o A . 3
F
brldge “struc ures. . - T R S
. - , » ' - ‘
& The reasoﬂs and respon51blllt1es of bridge f?{lures
' -

usually are dlscovexod after a long 1nvestlgation. " Phe

s

lesson is learned at a consrderable '‘cost to everyone ‘in-
! .

. I
Y ‘Volved, which could have been avoxded if the de514n :

technlque, cohstructlon method and exack behaV1qgr of

o X Amatgrﬂal would have been understood well o - N
B ‘ - S :
| \ j{ B.on | S . .

| '/. ¢ X N L -
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