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Bridge Drainage System Needs Criteria 

y 
Dah-Cheng Woo 

Introduction 

Are bridge deck drainage systems really needed on 
every bridge? Such systems are customarily provided, 
but the evidence suggests that they may not be useful as 
designed. For instance, it is not unusual to find that 
drainage grates are completely plugged and covered with 
weeds; yet, when it rains, the stormwater just runs off the 
bridge without causing any problems. A thorough reeval- 
uation of bridge deck drainage systems is therefore in 
order. 

A bridge drainage system consists of a bridge deck 
drainage system and bridge-end drainage provisions. A 
bridge deck drainage system consists of bridge deck gut- 
ter scuppers and bridge deck surface drainage provi- 
sions. As mid-deck scuppers are not desired on most 
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bridges, vehicle hydroplaning danger must be checked. 
This article presents a methodology for determining 
where bridge deck gutter scuppers are or are not 
needed, and a procedure for testing where the danger of 
vehicle hydroplaning should be addressed. They are 
developed from existing Knowledge, and an example of 
their application is illustrated. Also presented are general 
guidelines for determining the need for bridge-end 
provisions. 

The designs of the gutter scuppers and the bridge-end 
drainage provisions, if they are needed, are not included 
in this article. 



Needs of a Bridge Deck Drainage System 

When rain falls on a bridge deck, it runs off the pavement 
surface as sheet flow, then into the gutter section to form 
gutter flow (figure 1). This gutter flow grows as it moves 
down the longitudinal slope of the bridge deck, and its 
spread increases along the way. Sheet flow poses a hy- 
droplaning danger to the bridge's vehicle traffic; gutter 
flow interferes with vehicle traffic when it encroaches on 
the traveling lane. The objective of bridge deck drainage 
is to control sheet flow and gutter flow to eliminate their 
adverse effects on bridge traffic. 

LEGEND 

L — BRIDGE LENGTH 
W — BRIDGE DECK DRAINAGE WIDTH 

T — ALLOWABLE GUTTER FLOW SPREAD 

S — LONGITUDINAL GRADE OF DECK 

S, — CROSS SLOPE OF DECK 
Wr NO 

! So, — SHEET FLOW SLOPE 
‘SF 

jane) 
ee 

d — SHEET FLOW DEPTH . 

Figure 1.—Bridge deck flow diagram. 

However, since a storm is a natural event, its magnitude 
and frequency are not subject to human control. Bridge 
deck drainage therefore can only be designed to control 
its effects to a certain manageable level. Because it is not 
possible to use the bridge deck drainage design to dictate 
the design storm, the design storm must first be deter- 
mined. 

30 

The discussion of the needs includes the following items: 

@ Selection of the design storm. 

@ Gutter scupper requirements. 

@ Hydroplaning considerations. 

Selection of design storm 

The Rational Method approach of time of concentration is 
used in selecting the design storm. From the established 
policy of highway drainage design, the return period (or 
frequency) of the storm is first selected; then the time of 
concentration to the first scupper is calculated. The de- 
sign storm can be determined by a trial-and-error proce- 
dure. 

Time of concentration (tc) can be computed by the follow- 
ing equations: (7) 

tc ae to + tg (1) 

0.6) (70.6 

L 
tg =—— (3) 

60 Va 

_(112. 0.5) (5.0.67 | (7,,0.67 ia ts a, Seep een IMME (4) 

Tg = 0.65 T 

Where: 

tc - time of concentration (min) 
to - time of surface runoff (min) 
tg - time of gutter flow (min) 
W_- width of drainage area (ft) 
n - Manning’s roughness coefficient 
i  - rainfall intensity (in/hr) 
Sx. - cross slope of bridge deck surface 
Lo - distance from high point to first scupper (ft) 
Va - average gutter flow velocity in a reach 

(for T from O to T) (ft/sec) 
S_ -. longitudinal slope of bridge deck surface 
Ta - spread for average gutter flow velocity, Va (ft) 
T  - design spread of gutter flow (ft) 

‘Italic numbers in parentheses identify references on page 36. 
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When applying these equations in checking gutter scup- 
per requirements, the length of the design bridge L is 
used here to equal Lo in equation 3. The nomograph solu- 
tions of equations 2 and 4 are plotted in figures 2 and 3. 

(7) 

W067 06 
t, = 0.93 ———— EXAMPLE: 
2 045,03 

(Min) GIVEN: S=0.01; M=0.1;) W=100 ft; i=5 in/hr j 

2 FIND: t, = 7.7 Min (in/hr) 

— 

n 10 
2 t,(Min) 8 

06 g WwW 2 6 

= Wift) = 
0.4 at] 22 

03 10 2 3 ti 
= ¢ 3 

02 Fa 4 
20 2 F i 

eae we 30 6 
pace setl “Sy 40 

a 008 Sy 
wc 60 y: \ 

0.06 ~. Feo 10 08 

0.04 “0 oo 0.6 

weit 200 a5 0.4 
002 300 a 

400 aa 

001 600 
800 40 
1000 

60 

Figure 2.—Time of surface runoff to (min). 

12 S Vee aa 508 50.67 7.0.67 

0.004 

) 0.005 e—_ T ——~ S's 

0.006 £& °e ° eel T,(ft) 
> (= 

— 20 0.008 Sy 20 

0.01 we 
15 15 

0.2 
Sx 

0.1 10 

9 
0.02 0.08 10 
. 8 

. 9 
Me 0.06 1 

‘ 8 . 0.1 
0.03 », F 6 

0,04 a 7 
0.085 

0.04 0.03 4 67 = 4 - 
Fe 0.06 ae 

0.05 0.02 2 : 
0.06 

: 0.04 ‘ 
0.08 0.0) 5 

ES 0.03 
0.1 ” 3 

EXAMPLE 0.02 

GIVEN x J 3 
$= 0.02 e be 1 

0.2 S,= 0.015 ; 
T,=6 ft 
n=0.016 

FIND 

Vn = 0.32 ft/sec 

V,= 1.95 ft/sec 

Figure 3.—Average gutter flow velocity in a reach of triangular 

channel Va. 
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To determine the design storm, a trial value of rainfall in- 
tensity i must be assumed first, then the time of concen- 
tration tc is computed. From the known local intensity-du- 
ration-frequency (I-D—F) curve, the rainfall intensity for 

the selected return period and the computed tc can be ob- 
tained, then checked with the assumed trial value. If they 

are not reasonably close, a new trial value of i should be 
assumed; this procedure is repeated until the assumed 
and obtained rainfall intensities are almost the same. 

There are other methods for determining the design 
storm. In some States, for example, the State highway 
agency specifies the general or regional storms for use 
in its highway drainage designs. 

Gutter scupper requirements 

To prevent gutter flow from interfering with vehicle traffic, 
it should be kept within the allowable or design gutter flow 
spread T at any place on a bridge deck for the design 
storm. 

The quantity of the gutter flow increases gradually with 
distance as it picks up more sheet flow on the way down 
the gutter. Because of the disturbance caused by the 
passing vehicle traffic and the continuous interfacing of 
sheet and gutter flow, the mechanics of this flow are very 
complicated. For the purpose of the present discussion, 
the bridge length for reaching the allowable gutter flow 
spread can be computed by the following simplified equa- 
tion: (2) 

24400 (s,1.67] 50.5) (72.67) 
L= 5 

Ge fay ti AY ©) 

Where: 

L  - bridge length (ft) 
C - coefficient of imperviousness in Rational Formula 
n - Manning’s roughness coefficient representing 

bridge deck surface roughness 
i - design storm intensity (in/hr) 
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For parking lots and pavements, C is usually taken as 
0.9—this assumes that some of the storm runoff is 
trapped and stored on the pavement surface. For a typi- 
cal deck pavement surface, n is usually taken as 0.016. A 
nomograph of this equation based on these assumptions 
is presented in figure 4. Using this equation for a planned 
bridge with the given design bridge deck slopes S and Sx 
and allowable gutter flow spread (T), the bridge length 
can easily be checked to see if gutter scuppers are 
needed for the design storm. 

[EE TS SE I DS ES DE TE I BR RO 

ALLOWABLE LENGTH 
WITHOUT SCUPPERS 

L (ft) 

EXAMPLE 

W — WIDTH OF DRAINAGE AREA 
— SELECTED RAINFALL INTENSITY 

TOM 
W = 34 ft, i = 3.4 in/hr 
iW = 3.4 x 34 = 116 

FIND: 

ALLOWABLE BRIDGE LENGTH 
WITHOUT SCUPPERS (FOR 
HIGH POINT AT UPPER END) 

L 1400+ ft 

Figure 4.—Gutter scupper requirement nomograph. 

Hydroplaning considerations 

Hydroplaning is defined here as the complete loss of tire 
and pavement contact, thus the control of a vehicle. Tech- 

nically, hydroplaning occurs when the wheel spindown 
rate reaches 10 percent. This process starts with a re- 
duction in tire-pavement friction caused by water on the 
pavement. As water depth increases, the wheel can—at 
certain speeds—become completely locked. 

Although the occurrence of accidents on wet pavement is 
a well-established problem, it was not investigated closely 
until a recent report by Harwood et al., which discussed 
wet-pavement exposure and accident frequencies for ve- 
hicle speed of 40 mi/h (64.4 km/h) or less. (3) Although 
pavement friction is greatly reduced on wet pavement for 
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a vehicle traveling at 40 mi/h (64.4 km/h), hydroplaning 
could happen only when water depth is 1 in (25.4 mm) or 
more. (4) The hydroplaning consideration discussed here 
is limited to the maximum allowable speeds of 55 and 65 
mi/h (88.5 and 104.6 km/h). 

Hydroplaning involves many elements: Design storm 
characteristics (intensity and duration), vehicle charac- 
teristics (speed, load, and tire properties), and surface 
texture and geometry. Sheet flow depth is determined 
based on the design storm characteristics and on the 
known surface texture and geometry selected for the par- 
ticular site. Sheet flow depth is then compared to the 
potential hydroplaning depth for the design vehicle speed 
to determine the sites potential hydroplaning danger. 
These factors, along with the corrective measures for 
mitigating this danger by increasing the skid resistance of 
the bridge deck surface, are discussed below. There is 
very little information available on this subject; therefore, 
the best knowledge for the average condition is pre- 
sented as a general design guideline. Due to the facts 
that only a very limited general trend is available, and 
that an individual’s driving habits and ability are uncer- 
tain, the effect of rainfall intensity on vehicle speed is dis- 
cussed but not taken into account in this design 
procedure. 

e Determine sheet flow depth — As shown in figure 1, 
after rain hits the bridge deck surface, water flows in a 
sheet across the surface to the edge of the gutter flow. 
Consider a 1-ft wide sheet flow path from the high point 
to the edge of the gutter flow spread; the water depth var- 
ies from 0 at the high point (center line of bridge deck 
crown or edge of super-elevated deck) to the sheet flow 
depth d at the edge of the gutter flow spread (W-T). The 
sheet flow follows a length of: 

(W — T) 
Sx 

(S,2 + S2) 

and has a flow depth d (ft) computed from the Rational 
Formula and Manning's equation, 

: Cin(W-T) see + $2) Oey |) WHE 
= a 6 

64900 Sy 6) 

For C = 0.9 and n = 0.016, equation 6 can be written as 

i (W —T) G2 + Se Oe25 | 0.6 

4507000 Sy, 
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From the given design conditions, the sheet flow depth (d) 
(ft) at (W—T) is obtained. 

@ Check for vehicle speed and rainfall intensity — The 
influence of rainfall on traffic flow was qualitatively studied 
in a previous work sponsored by the Federal Highway Ad- 
ministration (FHWA). (5) This study showed a general re- 
duction of traffic speed in rain by comparing the actual ob- 
served traffic flow in dry weather to that under various 
rainfall intensities. In a more recent study, an empirical re- 
lationship among rainfall intensity, driver visibility, and ve- 
hicle speed was derived. (6) In both studies, limited field 
data were obtained. Although both studies show a reduc- 
tion of average vehicle speed in rainfall conditions, there 
are drivers who always drive much faster than the aver- 
age. Therefore, for a safe design, the design vehicle 
speed used here in checking hydroplaning danger does 
not allow for any reduction because of heavy rain. 

e@ Check for hydroplaning dangers — Hydroplaning on a 
highway pavement is a complicated problem for which it 
is very difficult to collect field data to validate the labora- 
tory and analytical results. In fact, only two meaningful 
studies have been conducted on hydroplaning on pave- 
ment. A Texas A&M study, sponsored by the FHWA, was 
the only one conducted with full-scale field tests on high- 
way pavement; a German study relied on a detailed labo- 
ratory test of automobile tire performance on wet pave- 
ment. (4, 7) However, each study has its own limited study 
conditions. From the test results of these two studies, 
empirical equations relating vehicle speed to tire pres- 
sure and tread depth, percentage of tire wheel spindown, 
pavement texture depth, and water depth were derived. 
Assuming average values of these variables and a bridge 
deck surface texture (TXD) of 0.038 in (1.0 mm), the 
rainfall intensities for potential hydroplaning danger are 
obtained from equation 7. Table 1 illustrates these values 
for vehicle speed of 55 mi/h (88.5 km/h) and table 2 for ve- 
hicle speed of 65 mi/h (104.6 km/h). By increasing the 
bridge deck surface texture to 0.076 in (1.93 mm), it is 
estimated that the hydroplaning rainfall intensity for a ve- 
hicle speed of 55 mi/h (88.5 km/h) can be raised by 500 
percent over that shown in table 1; and for 65 mi/h (104.6 
km/h), by 60 percent over that shown in table 2. 

These tables show that the hydroplaning rainfall intensity 
decreases with increasing bridge width due to the in- 
crease in length of sheet flow on the bridge deck, or with 
increasing longitudinal slope of the bridge deck. On the 
other hand, increasing the cross slope will increase the 
hydroplaning rainfall intensity as the velocity of the sheet 
flow on the bridge deck increases, thus reducing its depth. 
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Table 1.—Hydroplaning rainfall intensity, i (in/hr)' 
For: V = 55 mi/h (hydroplaning sheet flow depth 

d = 0.08 in)? 
n = 0.016 

Cr—=7 0:9 

TXD = 0.038 in 

(W — T) 

Si 24 36 48 58 

0.01 Bay Des 1.9 ie 

0.02 5.9 4.0 3.0 2.5 
0.01 0.04 8.7 5.8 4.4 3.6 

0.06 10.8 ee 54 4.5 

0.08 12.5 8.3 6.2 5 

0.01 o20) 2.0 as Hee 

0.02 Ses Boo) 2.6 2: 

0.02 0.04 8.4 5.6 4.2 ys 

0.06 10.6 WAl SiS 4.4 

0.08 hae 8.2 6.2 Dye 

0.01 BP) ES 1.1 0.9 

0.02 4.2 2.8 Dal ley 

0.04 0.04 es 5.0 3h.) 3.1 

0.06 9.9 6.6 5.0 4.1 

0.08 11.8 7.9 5.9 4.9 

0.01 1.8 lee 0.9 0.7 

0.02 BO 2.4 1.8 ies 

0.06 0.04 6.6 4.4 BES 2 

0.06 9.1 6.1 4.6 3.8 

0.08 ih Fins) 5.6 4.6 

0.01 1.6 1.0 0.8 0.7 

0.02 Sel rel Nes) 1.3 

0.08 0.04 5.9 4.0 3:0 25 

0.06 8.4 D0 4.2 as 

0.08 10.5 7.0 Sie 4.4 

Computed from equation 7 

“Determined from ref (4) 
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Table 2.—Hydroplaning rainfall intensity, i (in/hr)' 
For: V = 65 mi/h (hydroplaning sheet flow depth 

d = 0.047 in) 
n = 0.016 
C = 0.9 

TXD = 0.038 in 

Ne) 

: Be m4 36 48 58 
0.01 Ih) 1.0 0.8 0.6 
0.02 2.4 1.6 1.2 1.0 

0.01 0.04 Bee) 2.4 1.8 eS 
0.06 4.4 BS) PRP 1.8 
0.08 SB) 3.4 DES 2 

0.01 hay! 0.8 0.6 0.5 
0.02 21 1.4 1.1 0.9 

0.02 0.04 3.4 238 Ia 1.4 
0.06 4.3 2.9 Dal 1.8 
0.08 a) 353 es Dal 

0.01 0.9 0.6 0.4 0.4 
0.02 1.7 1.1 0.8 0.7 

0.04 0.04 3.0 2.0 Ik 1e2 
0.06 4.0 Deh 2.0 le 
0.08 4.8 Bee 2.4 2.0 

0.01 0.7 0.5 0.4 0.3 
0.02 1.4 1.0 0.7 0.6 

0.06 0.04 DT, 1.8 [es 1.1 
0.06 Sa), 2:5 1.8 1.5 
0.08 4.5 3.0 2.3 1.9 

0.01 0.6 0.4 ONS 0.3 
0.02 1.2 0.8 0.6 0.5 

0.08 0.04 2.4 1.6 1.2 1.0 
0.06 3.4 De, ey 1.4 
0.08 4.3 2.8 2.1 1.8 

| Computed from equation 7 

“Determined from ref (7) 
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If the design storm at a given bridge site is larger than 
those listed in tables 1 and 2, then hydroplaning could 
occur, and corrective measures must be taken. Since, for 
structural and safety reasons, drainage inlets are not 
desired in the mid-deck area, increasing the deck surface 
roughness (or texture depth TXD) is recommended to 
mitigate this hydroplaning danger. 

e@ Mitigation of hydroplaning danger — Corrective meas- 

ures for reducing hydroplaning dangers on a bridge deck 
surface include thin overlay for friction (TOFF), milling, 
grooving (longitudinal or transverse), and others. (8, 9, 
10) The degree to which these measures should be ap- 
plied at a particular site depends upon the seriousness of 
the individual problem. Since the hydraulic roughness 
characteristics of these measures are not known, it is rec- 
ommended that these measures not be applied to the gut- 
ter section in order to avoid any adverse effect on gutter 
flow characteristics. 

Given the limited nature and data of the studies cited and 
the inexact initials of field conditions, the above informa- 
tion on hydroplaning should be considered only as a gen- 
eral guideline. More research with field data is needed to 
develop reliable and accurate design methods. 

Example: (See figure 1 for definitions.) 

The following example illustrates the use of the above-de- 
scribed procedure for determining bridge deck drainage 
requirements. This procedure comprises derivation of de- 
sign storm, determination of needs of bridge deck gutter 
scuppers, and checking of hydroplaning danger on the 
bridge deck under the proposed bridge design conditions. 

Given: The following are proposed bridge design condi- 
tions. 

S = 3% 

Sx = 2% 

W = 34 ft (10.4 m) 
iT = O%ft (3:0'm) 
L = 1,000 ft (305 m) 
TXD = 0.038 in (1.0 mm) 
n = 0.016 
V = 55 mi/h and 65 mi/h (88.5 and 104.6 km/h) 

Problem: To determine bridge deck drainage require- 
ments. 

RURAL PAVING 

(NO CURBS ON APPROACH 
PAVEMENT) 

USE CATCH BASINS AT 
LOW END ONLY 

ONE AND HIGHER THAN THE OTHER 

nia USE CATCH BASINS 
AT BOTH ENDS 

BOTH ENDS LOWER THAN CENTER 

USE NO CATCH BASINS. 
USE DRAINS ON BRIDGE 

URBAN PAVING 

(CURBS ON APPROACH 
PAVEMENT) 

USE CATCH BASINS 
AT BOTH SIDES 

USE CATCH BASINS 
AT BOTH ENDS 

* USE CATCH BASINS AT 

BOTH ENDS HIGHER THAN CENTER Yee 

POOR PRACTICE 

FLAT GRADE 

* Note: Positive bridge-end drainage is required. 

BOTH ENDS AND DRAINS 
ON BRIDGE DECK 

USE CATCH BASINS 

USE CATCH BASINS AT” * |e EEO ULLENDS 
BOT!i ENDS ONLY WHEN 
NO DRAINS ARE USED 

ON BRIDGE DECK 

Reference: NCHRP No. 67, Bridge Drainage Systems, p. 27. (11) 

Figure 5.—Minnesota's criteria for bridge-end drainage. 

34 September 1988 @e PUBLIC ROADS 



Solution: 

(a) To select the design storm. 

From the established policy of highway drainage design, 
a return period of 25 years is selected for the storm in 
this example. 

1. Leti = 3in/hr (76.2 mm/h) 
From figure 2, for 
W = 34 ft, (104 m) 
n =0.016, and 
Sx = 0.02, 

it is obtained that 
to =p min 

From figure 3, for 
S =0.03 and 
Ta = (10) (0.65) = 

it is obtained that 
Va = 3.1 ft/sec (0.95 m/s) 

Then, forL = 1,000 ft, tg and tc can be computed 

6.5min, 

tg =—1000_ 5 4min 
(60)(3.1) 

and tc =to + tg =5.2 + 5.4 = 10.6 min. Fromthe 
local I-D—F curve (figure 6), for duration of 
10.6 min, i = 4 in/hr is obtained. Since 4 in/hr is 
larger than the assumed 3 in/hr, try i = 3.5 in/hr. 

2. Let i = 3.5 in/hr and repeat the above procedure. 
Ani = 3.4 in/hr is obtained from te and the I-D—F 

curve. Since 3.4 in/hr is smaller than the assumed 
3.5 in/hr, try i = 3.4 in/hr. 

3. After the third trial, the assumed i and the one 
obtained from te and the I-D—F curve are almost 
the same. The design storm of 3.4 in/hr with a 
return period of 25 years is determined for this 
sample bridge site. 

(b) To check for gutter scupper requirements. 

1. From the design stormi and W,i W = 
115.6 (i W = 895.0) 

2. Using the given conditions of S, Sx, and T, and the 
computed value of i W, the bridge length (L) without 
scuppers is found to be 1,400 ft (figure 2). Since this 
is longer than the given bridge length of 1,000 ft, this 
bridge does not require a gutter scupper. 

(3.4) (34) = 

(c) To check for hydroplaning danger. 

1. From the given W and T, 
W -T = 34-10 = 24ft(W—-T = 10.4—3.0 = 7.4m) 

2. For V = 55 mi/h (88.9 km/h) 

From table 1: For W — T = 24 ft (7.4 m) 
For S = 0.02 and Sx 

Then, for S = 0.03 and Sx = 0.02,i iscomputed as 

bisa 4 j = SS SAS = 4.75 inte 

(j= ES EET = 120.6 mmih) 
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= 0.02,i = 5.3in/hr (134.6 mm/h) 
S = 0.04and Sx = 0.02,i = 4.2in/hr (106.7 mm/h) 

Since 4.75 in/hr is greater than the design storm of 
3.4 i/hr, there is no hydroplaning danger on the 
bridge deck for a maximum vehicle speed of 55 mi/h. 

3. For V = 65 mi/h (104.6 km/h) 

From table 2: For W — T = 24 ft (7.3 m) 
For S = 0.02 and Sx = 0.02, i = 2.1 in/hr (53.34 mm/h) 

S = 0.04andS x = 0.02,i = 1.7 in/hr (43.18 mm/h) 
Then, for S = 0.03 and Sx = 0.02,i iscomputedas 

= SEE = 4.09 inne 

(, = 53344 43.18 «49.3 mh) 

Since 1.9 in/hr is less than the design storm of 3.4 
in/hr, there is hydroplaning danger on the bridge 
deck for a maximum vehicle speed of 65 mi/h. 

4. Doubling the bridge deck surface texture (TXD) from 
0.038 in to 0.076 in will increase the hydroplaning 
rainfall intensity by 60 percent 

i= 1.9(1 + 0.6) = 3.04in/hr 

But this rainfall intensity is still less than the design 
Storm of 3.4 in/hr. To eliminate the potential hydro- 
planing danger in this example, the bridge deck sur- 
face texture must be further increased to 0.1 in, or 
approximately 3 times the original 0.038 in. 

i (in/hr) 

5 10 2093074060 2 4 SRS On 2 a1 e8e24. 

Min. hr. 

DURATION 

Figure 6.—Local I-D-F curve. 
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Needs of Bridge-end Drainage Provisions 

Regardless of whether a bridge deck drainage system is 
required, bridge-end drainage must always be provided. 
Such drainage serves two purposes: (1) it prevents 
stormwater from upslope roadways from running onto 
the bridge deck, and (2) it intercepts stormwater from the 
bridge deck, preventing it from running onto the roadway. 

The design of the bridge-end drainage is normally done 
by bridge and hydraulic engineers. However, guardrail 
posts are sometimes placed in front of the bridge-end 
drain thereby interfering with the stormwater flow into the 
bridge-end inlet. General guidance of this design is pro- 
vided in reference 2. Figure 5 shows Minnesota's criteria 
for the bridge-end drainage requirement. (77) 

Conclusion 

The procedure outlined in this article for determining 
bridge deck drainage requirements tends to be rather 
conservative; this is because of the extremely limited 
data available on certain of the elements. Further re- 
search will be needed to refine this procedure. Topics for 
further study include quantifying the effect of rain on vehi- 
cle speed, improving hydroplaning estimation equations 
with field data, and accurately determining Manning's “n” 
value for various roughened surfaces. 
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Evaluation of Stainless-Steel Pipes for Use 
as Dowel Bars 

by 
Kevin N. Black, Roger M. Larson, Loren R. Staunton 

Introduction 

Dowel bars are an important load 
transfer mechanism that reduce the 
damage to highway pavements 
caused by pumping and subsequent 
faulting at the slab-joint interface. 
Damage to the pavement when these 
devices corrode has been a signifi- 
cant problem in the past. In an effort 
to find a method for improving pave- 
ment performance and reducing re- 
pair costs, a study was performed to 
evaluate the effectiveness of using 
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stainless-steel pipes as dowel bars. 
Based on long-term (40 years) field 
performance studies, stainless-steel 
(type 316) was selected because of 
its proven ability to resist corrosion. 
Pipe was chosen over a solid stain- 
less-steel bar for cost considera- 
tions. The data from the initial tests 
produced useful results on load-car- 
rying capacity of concrete-filled and 
hollow-dowel pipe. 

Load Transfer Theory and 
the Dowel 

The dowel reduces damage to pave- 
ments through its ability to limit the 
loading on one end of a slab by trans- 
ferring up to 50 percent of the load to 
the adjacent slab. This is defined 
mathematically using structure 
theory as applied by Westergaard to 
relate load and deflection. (7) Fora 
concrete slab supported by the sub- 

"Italic numbers in parentheses identify refer- 
ences on page 43. 



grade, deflection is inversely propor- 
tional to the pavement thickness as 
expressed below: 

ped a 
Z «3/2 

where 

Z = deflection 
P = load (wheel load) 
d = pavement thickness 

This expression can be converted to 
an equation and then be used to de- 
termine equivalent thickness be- 
tween doweled and undoweled pave- 
ment. For example, if the deflection 
of the doweled slab is Z1 and the de- 
flection of the undoweled slab is Ze, 
equating the deflection, Z1 = Z2, 
would yield the following: 

(Assuming that the dowels transfer 
one-half the load across the joint 
Py = eR) 

P 4 P5 

d,3/2 do3/2 

solving for the pavement thickness, 
do yields: 

P1 Po 

2438/2  do3/2 
32 3/2 do = 2h 

ob = 22/34 

do = 1.556 dj 

where 

ee eee 

oe — Oda 

d; = thickness of slab with dowel 

d2 = thickness of slab without dowel 
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If this expression is evaluated using a 
representative doweled pavement 
thickness of 9 in, (229 mm) then the 

undoweled pavement would have a 
thickness of more than 14 in (356 
mm). A 9-in (229 mm) doweled pave- 
ment (with 100 percent joint effi- 
ciency) is structurally equivalent 
(based on joint deflections) to a 14-in 
(356 mm) thick undoweled pavement 
assuming no load transfer. 

The Test Specimens 

In performing this test, several dowel 
designs were evaluated. This study 
tested five specimens with the follow- 
ing configurations: 

(1) 1.25-in (31.75 mm) diameter solid 
stainless-steel (Nitronic 33™) dowel 
bar. 

(2) 1.66-in (42.16 mm) outside diame- 
ter stainless-steel pipe with 0.065-in 
(1.65 mm) wall thickness, hollow. 

(3) 1.66-in (42.16 mm) outside diame- 
ter stainless-steel pipe with 0.065-in 
(1.65 mm) wall thickness, concrete- 
filled. 

(4) 1.66-in (42.16 mm) outside diame- 
ter stainless-steel pipe with 0.109-in 
(2.77 mm) wall thickness, hollow. 

(5) 1.66-in (42.16 mm) outside diame- 
ter stainless-steel pipe with 0.109-in 
(2.77 mm) wall thickness, concrete- 
filled. 

The concrete-filled pipes were filled 
with a general A3 (Virginia Depart- 
ment of Transportation) paving class 
mix and cured for a minimum of 30 
days before the concrete slabs were 
cast around them. The unfilled pipes 
were plugged on the ends with cork 
stoppers. This prevented the pipes 
from being filled during the place- 
ment of the concrete for the test 
slabs. 

The test slabs were constructed with 
the same mix used to fill the pipes 
and were cured for a minimum of 30 
days in accordance with ASTM C873- 
80. Average concrete compressive 
strength for all five slabs was approxi- 
mately 6,700 psi (46.2 MPa) as deter- 
mined using cylinders as specified in 
compression test method, ASTM 
C39-83b. No admixtures were used 
to alter the properties of the con- 
crete. The slump tests yielded values 
of 4 in (101.6 mm). Table 1 lists the 
properties of the concrete mixture. 

Table 1.—Properties of concrete mixture 

Design 

minimum 

laboratory Aggre- Nominal Cement Maximum Consis- 
compressive gate maximum Minimum content water lb tency Air 

Class of strength at size aggregate grade Ib/cu yd _ ~=water per inches content 

concrete 28 days psi number size aggregate minimum Ilbcement slump _ percent 

A3 General 3000 Sf 1 in A 588 0.49 Ls 6+#2 
Use 

A3 Paving 3000 57 1 in A 564 0.49 0-3 6222 

SI conversions: 

1,000 psi = 6.89 MPa 
1 Ib/cu yd = 0.593 kg/m? 
Lin = 25:4 mm 
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Testing 

Several factors affect the ability of 
the dowel to transmit loading: Diame- 
ter, alignment, grouting, looseness, 
spacing, number, corrosion, joint 
spacing, slab thickness, and dowel 
embedment distance. In these pre- 
liminary tests, no effort was made to 
evaluate all these variables, since the 
primary purpose was to evaluate 
how pipes would compare to solid 

bars. Previous testing had shown 
that larger-diameter dowels reduced 
the stresses in the pavement slabs. 
(2) This experiment was designed to 
verify these earlier results while eval- 
uating the potential for larger-diame- 
ter, hollow and concrete-filled pipes 
to be used as dowels. 

As a control for the test, a solid stain- 
less-steel dowel (1.25-in (81.75 mm) 
diameter) was used. Testing con- 
sisted of manually loading and un- 
loading (automatic cycling controls 
were not available) a pavement test 
specimen to 24 kips (106.7 kN) for 
100 cycles or until failure, using a 
Baldwin Universal Testing Machine 
as shown in figure 1. If failure did not 
occur on or before the hundredth 
cycle, the slab was then loaded until 
it did fail. The damage was photo- 
graphically recorded so that a deter- 
mination of the failure mechanism 

could be made as illustrated in figure 
2. The dowels were then removed to 
allow examination so a determination 
of pipe failure or concrete failure 
could be made. A comparison of the 
pipes response to loading can be 
seen in figure 3. 

Results 

The results of the testing are sum- 
marized in tables 2 through 4 and 

Figure 2.—Failure of model pavement slab. 

have been plotted on the graph in fig- 
ure 4. Three different responses can 

be seen, although one is less appar- 
ent since only one point was plotted 
before failure. These responses can 
be summarized as follows: 

@ As the moment of inertia of the 

dowel increases, deflection 

decreases. 

@ The 1.66-in (42.16 mm) O.D. con- 
crete-filled pipes deflected less than 
the 1 1/4-in-(31.75 mm) diameter 

solid bar tested. 

@ The hollow stainless-steel pipes 
provided no effective load transfer 
(failed immediately under initial load- 
ing as shown in figure 4 as points at 
the origin). 

The concrete-filled pipes deflected 
the least. These had a larger mo- 
ment of inertia and a larger bearing 
area than the 1 %4-in- (31.75 mm) di- 
ameter solid steel bar. The deflection 
over the full 100 test cycles did not 
change significantly although it was 
larger for the 0.065-in (1.65 mm) 
wall-thickness specimen. Because 
neither dowel failed during the load 
cycling, each dowel was then loaded 
to failure. The 0.109-in (2.77 mm) 
wall-thickness specimen failed at 39 
kips (173.5 KN) and the 0.065-in 

Figure 1.—Specimen loaded for testing on Baldwin Universal Testing 

Machine. 
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Figure 3.—Dowels after all testing was completed. 
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Table 2.—Solid dowel bar deflection data (1.65 mm) specimen failed at 33 kips 

Deflection (in) (146.8 KN). 

Cycle : 
arabes Coad Unioad Dierence The solid bar served as the control . 

0 1389 1 389 0 for the experiment, allowing compari- 

10 1.389 1.372 O17 son of its deflection history with the 

20 1.387 1.365 .022 others. Its performance suggests 

a ieee ae oe partial failure at onset of testing with 
50 | 386 1 356 030 increasing deflection as cycling pro- 
60 1.385 1.354 031 gressed. Incremental increases in de- 
70 1.386 1353 .033 flection decreased over the test pe- 

80 ree: 1.35] 035 riod, being smaller in the latter cy- 
me eee wee cles than at the initial loading. Be- 

100 1.386 1.349 .037 , 
cause total failure did not occur at 

Maximum load at failure: 34 kips the conclusion of the 100-cycle test, 

. the control specimen was loaded to 
Re failure at 34 kips (151.2 kN). 
lin = 25.4 mm 

| kip = 4.448 KN The hollow pipes failed immediately 
on the first cycle. These results are 
plotted in figure 4 and are visible at 

Table 3.—Concrete filled 0.109-in (2.77 mm) wall-thickness the origin. The 0.109-in (2.77 mm) 
dowel pipe deflection data walled pipe failed at 22 kips (97.9 KN) 

and the 0.065-in (1.65 mm) pipe 
failed at 18 kips (80.1 KN). 

SBR GN ES RS QURAN STA RE LRN RE TELL TE TL TTL DL IN TT BL TS TS Pa NII I LD NS ETT I RE TE 

Deflection (in) 

Cycle 
Number Load Unload Difference 

0 1.235 1.235 0 Discussion of Results 
10 1.230 1.218 012 
20 1.229 1.217 O12 This experiment was designed to ex- 
i ae ee is amine the load resistance of hollow 
50 1228 1.215 01 stainless-steel pipes, concrete-filled 
60 17227 ots 012 stainless-steel pipes, and a stainless- 

70 Vaz] 1.215 -O12 steel bar to determine how these dif- 
3 aa ee a ferent structures compare as load 
oO i 557 014 O13 transfer mechanisms. The results 

represent laboratory test values and 
Maximum load at failure: 38.8 kips must be related to actual highway 

| conditions in order to be meaningful. 
Be Oe ous: Loading in these tests was 24 kips 
lin = 25.4.mm (106.7 KN) applied to two dowels, re- 
I kip = 4.448 kN sulting in an effective weight carried 
ee ne Oe ee ee ee ee rE OY CACTI COWELOIE CKD Sh Oran 

By comparison, legal limits on high- 
Table 4.—Concrete filled 0.065-in (1.65 mm) wall-thickness ways are about 20 kips (89.0 KN) for 

Gove! pipgideliccHondala a single axle or approximately 10 
Deflection (in) kips (44.5 KN) per wheel, which is 

Cycle less severe than the laboratory load- 
Number Load Unload Difference ing. Past research showed that a 

0 1.191 1.147 0.044 wheel loading is primarily carried by 
5 a oe: ae the two or three dowels (spaced at 
A ae Ou wnt 12 in (804.8 mm)) directly under the 
40 1.04] 1.022 0.019 wheel, or more if there are dual 
50 1.029 1.010 0.019 wheels. (2) The test specimens and 
a ae ose 0.019 the loading method reported here 
Ms mate ie Reon were devised not to simulate a truck 
90 1004 0.984 0.020 loading on a pavement slab, but to 
100 1.000 0.980 0.020 provide a quick relative comparison 

Maximum load at failure: 32.7 kips of performance. 

SI conversions: 

lf in = 25.4 mm 

| kip = 4.448 kN 
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Figure 4.—Comparison of deflection versus loading of dowels. 

In relating the laboratory results to 
field conditions, the hollow pipes 
would not be expected to perform 
well, since they failed immediately at 
a total loading of 22 kips (97.9 KN) 
(11 kips (48.9 KN)/dowel) and 18 kips 
(80.1 KN) (9 kips/ (40.0 KN) dowel) for 
the 0.109 (2.77 mm) and 0.065-in 
(1.65 mm) wall-thickness pipes, re- 
spectively. The failure of these pipes 
was immediate, without completing 
one full testing cycle. This finding indi- 
cates that a hollow stainless-steel 
pipe of this size might not be ade- 
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quate for heavily loaded pavements 
or possibly even for a single heavily 
overloaded truck. 

In contrast to the relatively poor per- 
formance of the hollow pipes is the 
greatly improved response of con- 
crete-filled pipes. The filled pipes did 
not exhibit any appreciable deflec- 
tion. They performed better than the 
solid bar. This could logically result 
from: 

e The concrete-filled dowels having 
a greater moment of inertia than the 
other specimens. 

e The bearing area of these pipes 
being larger than the solid-steel 
dowel, thus reducing the concrete 
stress at any one location. 

The solid bar exhibited a typical 
dowel response. (2) Continuous load- 

unload cycling resulted in a cumula- 
tive increase in deflection as testing 
progressed, although incremental de- 
flection decreased. Since there was 
no permanent deformation of the bar 
(figure 3, center), it seems likely that 
the cumulative deflections are a re- 
sult of the crushing of the concrete 
surrounding the bar. This cumulative 
deflection was not evident for the con- 
crete-filled pipes, which have a 
larger bearing area. This reinforces 
the fact that bearing area has an im- 
portant impact on deflection. 

Independent evaluations of larger-di- 
ameter dowels and pipes by re- 

searchers at the University of Illinois 
found similar results. (3)° They con- 
cluded that larger-diameter dowels 
have a significant effect on reducing 
pavement stress. This supports the 
findings of Cashell noted earlier and 
the need for further testing to corre- 
late the different variables affecting 
dowel performance. (2) 

Economic Considerations 

The deflection theory presented ear- 
lier can be used to support financial 
savings that could be realized by 
using dowels to reduce concrete 
thickness by up to 35 percent (9 in 
(228.6 mm) versus 14 in (355.6 
mm)). Although the load transfer dev- 
ice reduces concrete costs, it in- 
creases the steel costs associated 
with the dowels—and this first cost 
depends on joint spacing, dowel size 
and spacing, type of steel/coating, 
and method of placement. If dowels 
are placed in baskets on the grade, 
the cost of the concrete in place can 
also be indirectly increased. This 
cost differential was addressed by 
the Portland Cement Association, 
which found the cost of dowels to be 
equivalent to 1 (25.4 mm) or 2 in 
(50.8 mm) of concrete.(4) Thus, the 
savings are still significant for using 
dowels. These results also hold true 
for the stainless-steel pipes which 

*Synder et al., “Rehabilitation of Concrete 
Pavements,” FHWA-—RD-88-—071, Volume | — 
Repair Rehabilitation Techniques. Not yet pub- 
lished. 

4) 



have comparable costs with the car- 
bon-steel dowels as can be seen in ta- 

bles 5 and 6. 

Further, cost savings are realized 
using stainless-steel dowels when 
the full pavement life cycle is consid- 
ered. The ability of stainless steel to 
resist corrosion eliminates the initial 
cost difference favoring carbon steel. 
Evidence of this was provided in an 
earlier study conducted by William 
Van Breemen of the New Jersey 
State Highway Department.(5) This 
study revealed that pavement failure 
at the joints in concrete pavement re- 
sulted from rusting of the steel 
dowels. Van Breemen’s experimenta- 
tion with treatments to reduce this 
problem included Monel (stainless) 
steel, galvinization, oil, grease, and 
lead paints. Seven years after the 
study began, samples removed from 
the pavement had all deteriorated 
substantially except for the Monel 
samples which appeared in near-per- 
fect condition. 

Conclusion 

The purpose of this experiment was 
to study the effects of stainless-steel 
pipe (concrete-filled and hollow) 
having an outside diameter of 1.66 in 
(42.16 mm) with a solid-steel bar 
having an outside diameter of 1.25 in 
(31.75 mm) and similar to those pres- 
ently used as dowels in Portland ce- 
ment concrete pavement. These 
tests suggest that larger bearing 
areas have a positive effect on load 

42 

Table 5.—Cost comparisons of different materials used in fabricating dowels 

Metal Diameter (in) Length (in) 

Hot rolled 

(control) 1 1/4 182 

Hot rolled 1 1/4 12 

S.s.! pipe 
w/concrete 1 1/4 

(0.065-in wall) Nom. 12 

S.S pipe 
w/concrete 1 1/4 

(0.065-in wall) Nom. 12 

S.S pipe 
w/concrete 1 1/4 

(0.109-in wall) Nom. 12 

S.S. pipe 
w/concrete 1 1/4 

(0.109-in wall) Nom. 12 

SI conversions: 

Lith = WS).2 rea 

1 lb/ft = 1.49 kg/m 

Iss. = stainless steel 

Spacing (in) Lb/ft width $/ft width 

@ 12 6.26 @ $ .403 $2.50 
@ 12 4.17 @ $ .40 $1.67 

@ 12 1.11 @ $3.204 $3.55 

@ 18 0.74 @ $3.20 $37 

@ 12 1.81 @ $3.20 $5.79 

@ 18 1.20 @ $3.20 $3.84 

218-in (457.2 mm) length is commonly used. It is a conservative value to allow for errors in sawing the 
joint plane over the dowel. Structurally, only a 12-in (304.8) length is needed (Ref 2). 

3Structural steel in place is estimated at $.40 per pound. Coatings to prevent corrosion could raise this 
cost. 

4Stainless steel was estimated for this example at eight times the cost of hot-rolled steel. 

transfer performance. The experi- 
ment also indicates that the moment 
of inertia of the dowel (concrete-filled 
or solid) has a notable effect on the 
deflection. Preliminary tests demon- 
strate that 0.109-in (2.77 mm) wall 
thickness, type 316 stainless-steel 
pipe filled with concrete would be 
cost-effective and superior to 1.25-in- 
(31.75 mm) diameter solid-steel bars 
when used in jointed concrete pave- 
ment with short (maximum of 15 ft 

(4.6 m)) joint spacings. This design 
would assure satisfactory long-term 
(about 40 years) dowel performance. 
The use of a 12-in (304.8 mm) length 
dowel would require a method to 
verify accurate placement in order to 
be acceptable under field conditions. 

September 1988 e PUBLIC ROADS 



nt as a 

search engineer with the Pavements 
Table 6.—Comparison of dowel systems for a 10-in (254.0 ' mm) pavement Division. Office of Engineering and 

On a basis of per ft of pavement width Highway Operations Research and 

Shear Brg. Moment Development, FHWA. He is actively 
Length Diameter Spacing area area I Weight involved in other highway research in- 

(in) (in) Mat’| (in) (in) (in) (in4) (Ib) cluding culvert repair problems and 

18 1 1/4 Steel 12 eo >7.50 0.120 6.26 (Control) the use of ground-penetrating radar 

bas eee %, Hae ie Se igor ae for determining pavement condition. 

ey igs a highway materials engineer with 
.065 wall the Virginia Department of Trans- 
1.66 OD portation. 

12 1 1/4 Stain- 12 0.534 9.96 0.161 1.81 
(Nom) less Roger M. Larson is a research high- 
ae way engineer in the Pavements Divi- 

.109 wall ; : :; : 
1.66 OD sion, Office of Engineering and High- 

way Operations Research and 
Development, FHWA. He is program 

Two above pipe with concrete filling (144 Ib/cf) 

12 1 1/4 ao 12 2.166 9.96 Os PeLn(Sts) manager for the Nationally Coordi- 
(Nom) less + 1.76 (Conc.) 

Pipe concrete 2.87 Total nated Program of RD&T for Pro- 
.065 wall gram Area C.1, “Evaluation of Rigid 
1.66 OD Pavements.” He has worked for 

12 1 1/4 Stain- 12 2.166 9.96 0.373 1.81 (St.) FHWA for 27 years, with the last 5 
(Nom) less + 1.76 (Conc.) years in implementation or research 
anes goeto activities related primarily to the de- 
1.66 OD sign and rehabilitation of rigid pave- 

Above pipe spaced at 18-in C to C WSS: 

(Values are 2/3 of above 12-in spacing values) ; 

12 11/4 Stain- 18 1.44 6.641 0.249 1.91 Total Loren R. Staunton is an engineering 
(Nom) lene (0.74 stainless) technician with the Pavements Divi- 
Pipe concrete sion, Office of Engineering and High- 

-065 wall way Operations Research and 
oie | | ; Development, FHWA. He has been 

12 1 1/4 Stain- 18 1.44 6.64 0.249 2.38 Total with the FHWA since 1962 when it 

(Nom) lessueae (1.20 stainless) , 
Bin Batten was known as the Bureau of Public 

109 wall Roads, and has been with the Pave- 
1.66 OD ments Division since 1968. Much of 

I] percent deficient compared to | 1/4-in dowels which have 7.50 in2 of bearing area (Brg. Area). Mr. Staunton’s experience is in per- 

SI conversions: forming tests to determine the dy- 

fin 2 s4anmn namic characteristics of pavement 
| in? = 645.16 mm2 components. 
| Ib/cf = 16.02 kg/m? 
1 Ib = 0.454 kg 
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Carpenter, “Techniques for Pavement Re- 

(1) H.M. Westergaard, “Spacing of habilitation,” FHWA National Highway In- 
Dowels,” Proceedings of the Highway Re- stitute Training Course, Third Revision, 
search Board 8th Annual Meeting, 1928, October 1987. 
pp. 154-158. i+ 

(4) Portland Cement Association, “Port- 

(2) Harry D. Cashell, “Performance of land Cement Concrete Pavements,” Re- 
Doweled Joints under Repetitive Load- port No. FHWA-TS—78-—202, Federal 
ing,” Public Roads, vol. 30, No. 1, April Highway Administration, Washington, DC, 

1958. August 1977. 

(5) William Van Breemen, “Experimental 
Dowel Installation in New Jersey,” High- 
way Research Board Proceedings, 1957. 
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The McTrans Center 

y 
Antoinette D. Wilbur 

Background 

In May 1986, the Federal Highway Administration (FHWA) 
awarded a competitively bid contract to the University of 
Florida Transportation Research Center in Gainesville to 
establish the Center for Microcomputers in Transporta- 
tion (McTrans Center). The objective of the McTrans Cen- 
ter is to “facilitate the exchange of information on uses of 
the microcomputer and associated software among trans- 
portation professionals.” 

The McTrans Center replaces three other microcom- 
puter support centers that had been operated for several 
years by the Transportation Systems Center in Cam- 
bridge, Massachusetts. These were the Safety and Traffic 
Engineering Applications for Microcomputers (STEAM), 
Microcomputers in Transportation Planning (MTP), and 
Microcomputer Applications in Highway Projects (MAHP) 
centers. These three centers provided support and dis- 
tribution of primarily safety, traffic engineering, and 
urban and statewide planning microcomputer software. A 
major goal of the new McTrans Center has been to ex- 
pand into a// areas of highway engineering and planning 
to address the needs of a broader segment of the trans- 
portation user community. 

Among the many services provided by the McTrans Cen- 
ter are the publication of a quarterly newsletter, opera- 
tion of a telephone hotline, and distribution of—and user 

support for—microcomputer software and documen- 
tation. 

Newsletter and Hotline 

When McTrans opened for business on July 14, 1986, it 
inherited a mailing list of approximately 6,000 names 
from the three earlier support centers. Since then, the 
number of McTrans “members” has almost doubled; this 
primarily reflects the expanded audience served by the 
new Center. The McTrans newsletter provides the chief 
means of communicating with the membership and keep- 
ing it up-to-date on new Center products and services. 

The McTrans newsletter contains articles of general inter- 
est to microcomputer users as well as technical articles 
and helpful hints about specific highway engineering pro- 
grams. Included with the newsletter is the McTrans Prod- 
uct Catalog which contains brief descriptions of and 
ordering information for software offered by McTrans. 
Quarterly catalog supplements announce new products; 
a complete updated catalog is distributed to all members 
every year. 

The McTrans telephone hotline provides quick and easy 
access to the Center for information about it and the soft- 
ware it distributes. Most questions are answered immedi- 
ately; if necessary, the McTrans staff will research the 
question and return the call. The telephone hotline num- 
ber is (904) 392-0378. 
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Software Distribution 

When McTrans first opened, it distributed only 20 micro- 
computer programs, mostly in the traffic engineering and 
urban planning applications areas. The number of pro- 
grams and the breadth of applications has since in- 
creased dramatically. McTrans currently distributes over 
150 different products, including programs for culvert 
analysis, construction and project management, pave- 
ment design and management, and many other aspects 
of highway planning, design, and construction. 

Examples of the wide range of programs available from 
McTrans include: 

e The Highway Capacity Software (HCS)—this is a faith- 
ful implementation of the procedures in the 1985 Highway 
Capacity Manual. 

@ The Culvert Analysis Software (HY-8)—this 
automates the methods described in the FHWA report 
“Hydraulic Design of Highway Culverts.” 

e@ The Pavement Management System (PMS)—this pro- 
gram is used in determining the condition of flexible 
pavements and in helping the user formulate decisions on 
the type of reconstruction or rehabilitation required. 

A new product available from McTrans is GTRAF, which 
provides both animated and static graphics to help users 
interpret the results of the NETSIM microscopic traffic 
simulation model. GTRAF and most of the other pro- 
grams available from McTrans run on the IBM PC and 
compatible microcomputers. 

In its first year, McTrans distributed only public domain 
software which developers contributed to the Center so 
that it could be shared with others. Public domain pro- 
grams are contributed to McTrans both by the Federal 
Highway Administration, and by individuals and State and 
local transportation agencies across the country. 
McTrans prices these programs to cover the cost of re- 
production and to help offset Center operating costs. 

For member convenience in accessing a wider selection 
of highway engineering programs, the McTrans Center 
also lists proprietary software in its product catalog. De- 
pending on the developer’s preference, McTrans either 
distributes the program directly or refers the potential 
customer to the appropriate source. In either case, the 
MctTrans Center collects a commission on the sale. 

Another significant area of McTrans expansion is the 
listing of foreign-developed highway engineering soft- 
ware. Through an arrangement with MVA Systematica in 
Great Britain, McTrans lists MVA‘s software in its product 
catalog. MVA Systematica is the developer of many well- 
known transportation planning packages; it also distrib- 
utes traffic engineering software developed by the 
Transport and Road Research Laboratory in the United 

Kingdom. Customers in the United States can order 
these products through McTrans in U.S. dollars, and the 
Center forwards the order to MVA for processing. 

Foreign customers wishing to purchase software distrib- 
uted by McTrans also benefit from this arrangement. 
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Foreign orders for McTrans software are sent directly to 
MVA Systematica using the McTrans Overseas Order 
Form. Not only does this speed up the processing of for- 
eign orders, but, since MVA accepts payment in the cus- 
tomer’s own currency, also eliminates the inconvenience 
of purchasing directly from McTrans in U.S. dollars. 

McTrans Levels of Support 

Besides serving as a clearinghouse for distributing micro- 
computer software, McTrans also provides seven sepa- 
rate levels of support (LOS) to users for the programs it 
distributes. When a package Is contributed to the 
McTrans Center, its LOS is determined jointly by McTrans 
and the donor. Factors such as the anticipated number of 
users, the complexity of the software, the amount of test- 
ing it has undergone, and the contributor’s willingness to 
share in the support are all considered in determining the 
appropriate LOS. A surcharge is added to the software's 
price to fund any support to be provided by McTrans. 

LOS 1: Full Technical and Maintenance Support. At this 
level, the McTrans Center provides technical assistance 
to software users and maintains the program code. The 
software is distributed with a registration card which 
users return to the McTrans Center. Registered users re- 
ceive program “notes,” as needed, advising them of 
potential problems and the corrective actions to be taken. 
When “bugs” are discovered in the software, McTrans 
corrects the problem and provides free updates of the 
disks and documentation. If enhancements are made to 
the software to improve its operation, the McTrans Cen- 
ter will distribute a new release to registered users. 

The registration period lasts for a year; users must then 
reregister the software to continue to receive LOS 1 sup- 
port. The first LOS 1 program at McTrans was the HCS; 
other programs will be designated as LOS 1 in the near 
future. 

LOS 2: Technical and Upgrade Support. As with LOS 1 
software, purchasers of LOS 2 software are registered 
for a year, and the McTrans Center provides them with 
technical assistance in program use. The Center also 
maintains records of bugs and suggested enhancements 
and forwards this information to the software developer. 
The developer, in turn, is responsible for providing the 
needed software maintenance and for furnishing updates 
and corrections to McTrans. The McTrans Center then 
distributes free updates to registered software users. 

LOS 3: Limited Technical Support. Purchasers of LOS 3 
software are not registered and receive only limited tech- 
nical support from McTrans. Any bugs in the software are 
reported to the developer; however, the developer is not 
obligated to provide corrections to the code. Although 
these programs do not receive the support and mainte- 
nance provided at higher levels, LOS 3 software is gener- 
ally well tested and reliable. 

LOS 4: User Supported Freeware/Shareware. LOS 4 soft- 
ware is copyrighted by the developer and distributed by 
McTrans as a user service. Purchasers of shareware are 
often invited to send the developer a voluntary contri- 
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bution if they find the software useful. McTrans encour- 
ages the shareware concept, but provides no support for 
this software; any support offered or provided is entirely 

between the developer and the user. 

LOS 5: Totally Unsupported. LOS 5 users are “on their 
own.” The software is useful and, based on past experi- 
ence, fully operational. However, neither McTrans nor the 
developer provide any technical support or maintenance 
for LOS 5 programs. 

LOS 6 and LOS 7: The last two levels of support apply to 
proprietary software. Software designated as LOS 6 is 
proprietary software that McTrans supports through 
“first line” technical assistance when users need help. 
The developer corrects any bugs that are discovered; 
McTrans distributes free updates for some specified pe- 
riod of time after purchase. At LOS 7, all technical sup- 
port and maintenance are provided by the developer. 

McTrans Staffing 

The McTrans Center is operated by an extensive staff 
whose goal is to provide the best possible service to the 
highway transportation user community. As director of 
the Center, Dr. Charles E. Wallace is responsible for its 
overall management and operation. A full-time manager, 
Mr. William M. Sampson, handles McTrans’ day-to-day 
operation. Other McTrans staff includes a data control 
specialist who is responsible for managing the member- 
ship data base and for processing and tracking software 
orders. A storekeeper fills the orders and packages the 
disks and documentation for mailing; a full-time accoun- 
tant handles all expenditures and revenues. An informa- 
tion specialist is responsible for all publications issued by 
the Center, including the McTrans Newsletter and other 
brochures, notices, etc. A part-time computer program- 
mer, an administrative secretary, and a clerk-typist 
complete the McTrans Center staff. 

In addition to the regular staff, several University of 
Florida graduate students provide assistance with the 
software maintenance activities and research answers to 
users’ technical questions. Faculty members in the Uni- 
versity’s Department of Civil Engineering (and other de- 
partments as needed) are another valuable resource 
available to McTrans for consultation and advice. 

Funding Support 

The contract for the McTrans Center was awarded with 
the understanding that FHWA would provide funding sup- 
port for the Center’s establishment, but that McTrans 
would gradually become completely user-supported. The 
timetable for this transition to self-sufficiency was 2 years. 

FHWA provided initial funding for the McTrans Center’s 
first year of operation. During this period, microcomputer 
software and documentation were distributed at a nomi- 
nal charge to cover the cost of disk reproduction, print- 
ing, shipping, and handling. McTrans’ pricing algorithm re- 
sulted in a charge of $2 per disk. Documentation was 
priced at about 6 cents per page, with a minimum charge 
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of $5. The newsletter and access to the telephone hotline 

were free. 

Self-Sufficiency — Year 3 and Beyond 

At the end of May 1988, FHWA’s funding support ended, | 
and the McTrans Center became completely user-sup- 
ported. To raise additional revenues, prices for software 
and documentation were increased. The minimum price 
for unsupported software increased to $10 per disk with 
a surcharge added for each higher level of support. The 
price for certain documentation also increased slightly. 

Several alternative revenue sources were investigated to 
support the McTrans Center when Federal funding 
ended. A membership or subscription fee was consid- 
ered; this suggestion was not implemented, however, 
since it was felt that even a nominal fee would cause a 
large erosion in membership, particularly among public 
employees. Also, providing telephone assistance to paid 
members would be difficult to administer. More impor- 
tantly, the opportunity to provide “low tech” assistance to 
novice users would be largely eliminated if a membership 
fee were required. 

The continued financial success of the McTrans Center is 
expected to come from an expanded product base and by 
increasing the number of members on the mailing list. 
New products are being introduced, including videotapes 
on software use, training seminars, and so on. To facili- 
tate customer purchases, McTrans now accepts charge 
cards and blanket purchase orders. This allows users to 
place orders as needed by telephone, rather than mailing 
in a check or issuing a one-time purchase order for pay- 
ment. The McTrans Center will also be providing LOS 1 
maintenance and support for more programs in the 
future. 

If you have a useful software package—either public 
domain or proprietary—that you would like to distribute 
through McTrans, contact the Center staff to discuss dis- 
tribution arrangements. For more information about the 
McTrans Center or to add your name to the Center’s mail- 
ing list, contact: 

The McTrans Center 
University of Florida 
512 Weil Hall 
Gainesville, FL 32611 
Hotline phone number: (904) 392-0378 

Antoinette D. Wilbur is a transportation specialist in the 
Systems and Software Support Branch in FHWA's Office 
of Traffic Operations. She is an expert in offline signal 
timing optimization models and has served as the FHWA 
contracting officer’s technical representative for the 
McTrans Center since it opened in 1986. Before joining 
the Office of Traffic Operations, Ms. Wilbur worked in the 
FHWA Office of Safety and Traffic Operations R&D. 

"Although no longer under contract to FHWA, McTrans continues to 
serve as a distribution center for FHWA-developed software. 
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Lead-Pigmented Paints—Their Impact on 
Bridge Maintenance Strategies and Costs 

by 
John W. Peart 

introduction 

The removal, containment, recovery, 
and disposal of lead-pigmented 
paints is fast becoming one of he 
most critical cost items in steel 
bridge maintenance. The article will 
examine the problems associated 
with the removal of lead-based paint 
and assess impacts on maintenance 
strategies and cost. 
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Background As late as 1983, a Highway Planning 
and Research study surveying State 

For the decades up to andincluding —_ highway agencies found that more 
the 1970's, paints containing lead than one-half of the States still 
were the predominant coating used specified oil/alkyd systems containing 
to protect steel highway bridges lead or chromate pigments. Sixteen 
against corrosion. Earlier formula- States used these systems exclu- 

tions contained such lead com- sively. (2) 
pounds as lead sulfate or lead 
acetate. More recently, the oil/alkyd 
systems with heavy pigment loadings 
of “red lead” or lead silico-chromate 
have been used, e.g., AASHTO M72 
and M229. (1)' 

‘Italic numbers in parentheses identify refer- 
ences on page 51. 



Lead pigments in paints have been a 
recognized hazard for many years. 
In the 1960’s, the Consumer Product 
Safety Commission restricted the 
use of lead-based paints for con- 
sumer products to 0.06 percent lead 
by weight. Although restrictions on 
the content of paints for industrial 
use have not been proposed, it’s utili- 
zation in these formulations has 
decreased drastically because of 
health concerns and the availability 
of other material. Unfortunately, this 
has not been the case for highway 
structures and pavement markings. 

This /aissez-faire-induced peaceful- 
ness was broken in 1978 with the 
maintenance blasting and coating of 
an approach to the Tobin-Mystic 
Bridge in Boston. The resultant 
assessment of potential environmen- 
tal damage initiated extensive sam- 
pling and testing to define total par- 
ticulate and lead concentrations in 
the air and on the surrounding 
ground. The result was the require- 
ment that all abrasive blasting and 
painting be accomplished within a 
containment enclosure and that the 
particulate matter be removed from 
the air by wet scrubbers prior to ex- 
hausting. These restrictions resulted 
in an exponential increase in cost 
over what was originally estimated. 

The problem of containment of the 
lead-pigmented paint is exacerbated 
by the fact that open-abrasive blast- 
ing is the most cost-effective and 
common way both to remove the old 
paint as well as to prepare the steel 
surface for the new coating. The ma- 
jority of bridges built before 1970 
were erected with the mill scale in- 
tact and then painted. Many new re- 
placement coating systems require 
that the mill scale be removed before 
painting. Hand- and power-tool clean- 
ing is less effective than abrasive 
blasting in providing the required 
cleanliness level for these materials. 

Many government jurisdictions are 
implementing tighter controls on 
abrasive blasting either through 
Stricter interpretation of present 
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Figure 1.—Containment structures utilized on the Tobin-Mystic Bridge. 

Figure 2.—Dust being generated by abrasive blasting. 

codes or the formulation of new regu- 
lations. Examples include Wisconsin; 
Minnesota; Seattle, Washington; St. 
Louis, Missouri; Denver (city and 
county); and Californias south coast 
air quality management district. (3) 
Dry abrasive blasting has been out- 
lawed by some municipalities. 

Allegheny County, Pennsylvania, with 
1,470 bridges in its jurisdiction, has 

recently enacted stringent regula- 
tions and controls on abrasive blast- 
ing. (3) These regulations have re- 
sulted from citizen lawsuits and the 
fear of liability litigations because of 
silicosis. 
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Silicosis is caused by the ingestion 
and retention of free silica contained 
in respirable sand particles. Unfor- 
tunately, most public works contrac- 
tors use sands containing silica be- 
cause of their availability, price, and 

Suitability for surface cleaning. 

Personal injury liability litigations re- 
lated to silicosis are proliferating in 
may States. (4,5) Liberalized inter- 
pretations of liability laws have ex- 
panded the litigation to the injured 
person's employer, the company and 
executives who hire the contractor, 
abrasive suppliers, and safety and 
blasting equipment manufacturers 
and distributors. 

The recent public attention given to 
sandblasting and silicosis can only 
focus additional attention on the re- 
moval of lead-based paint from 
bridges. In the late 1970’s, California, 
Missouri, and several other States 
proposed a National Cooperative 
Highway Research Program 
(NCHRP) project to investigate the 
problems associated with the re- 
moval of lead-based paint. The Trans- 
portation Research Board coordi- 
nated the project and the results are 
documented in their December 1983 
report No. 265, “Removal of Lead- 
Based Paints.” (6) 

The objectives of the study were two- 
fold: 

e Assessment of regulations per- 
tinent to the removal of lead-based 
paints and the degree of risk posed 
by the painted structure. 

e@ Evaluation of available technology 
for the removal, containment, and 

recovery of the residue. 
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The major conclusions of the 1983 re- 
port were: 

@ For the majority of bridges, lead- 
paint debris does not pose a 
significant threat, but for certain 
urban bridges, it is necessary to 
carefully monitor and control the 
wastes. 

e There is no proven cost-effective 
technology for the removal and con- 
tainment of lead-based paint. 
Further equipment development is 
recommended. 

Although the report does not totally 
reflect today’s situation, it remains a 
definitive publication on regulations, 
containment methods, and the eco- 
nomics associated with the removal 
of lead-based paint. 

Partial or complete containment of 
lead-based paint residues and their 
controlled disposal is a reality in 
many States today: California, Wis- 
consin, lowa, Oregon, Virginia, North 

Carolina, New Jersey, and PennsylI- 
vania. 

State implementation of require- 
ments for the containment of lead- 
based paint blast debris is the result 
of hazardous waste regulations en- 
forcement. The Resource Conserva- 
tion and Recovery Act of 1976 states 
that any industrial waste containing 
more than five parts per million of 

leachable lead must be treated as 
hazardous waste. In addition to this 
universal requirement, some States 
have a total maximum permissible 
total lead concentration requirement 
for nonhazardous industrial waste. 

Analysis of abrasive debris from the 
removal of lead-based bridge paint 
varies significantly because of varia- 
tions in procedures of the specified 
analytical method. Even with this non- 
precision in results, much of the de- 
bris contains sufficient concen- 
trations of lead to be classified as 
hazardous waste. 

Figure 3.—Containment structures utilized on Severins Bridge, Cologne, West Germany. 
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Much abrasive residue is generated 
(8 to 10 Ibs/ft® surface) during the re- 
moval of accumulated paint, corro- 
sion, and mill scale from bridges. If 
the residue is classified as 
hazardous waste, disposal costs be- 

come prohibitive. While trans- 
portation and disposal costs vary 
from State to State, $300 to $600 
per ton is a realistic estimate. 

North Carolina and Virginia, aware 
of these disposal costs, compared 
the costs of alternative removal 
methods to those of abrasive blast- 
ing. (7) They found the most cost-ef- 
fective procedure was to remove 
lead-based paint by using power 
tools, followed by abrasive blasting to 
attain the required substrate cleanli- 
ness and profile. Although it is less 
productive to use power tools than 
abrasive blasting, the dual system is 
economically more feasible because 
of the limited amount of hazardous 
waste generated by the power-tool 
cleaning; this process enables the 
leachable lead level from the second 
cleaning step to be sufficiently low 
that it is not classified as hazardous 
waste. Adding to the positive econom- 
ics of this approach is that smaller 
amounts of debris generated by the 
use of power tools can be contained 
by an unsupported plastic film or tar- 
paulin. Debris generated by blasting 
requires a steel-reinforced contain- 
ment structure. 

The cost of removal, containment, 
and disposal of lead-based paint 
through abrasive blasting usually de- 
pends upon bridge location, accessi- 
bility, configuration, length of spans, 
local regulations, and monitoring re- 
quirements. A “ball-park“ estimate is 
provided below for a structure of 
moderate complexity of configuration 
and of factors affecting cost. No cost 
factor is included for sampling and 
analysis of the environment during 
the cleaning operation. 

Cost/ft® 
Abrasive Blasting 
SSPC-—SP-10 $5200 R= 4. 50 

Containment/ 
recovery Ee) = She) 

Transportation 
and disposal 2 00Rmo. U0 

Total $7.00 - 11.00 
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The estimate was derived using ra- 
tionalized cost elements from refer- 

ences 6 and 7 and available cost 

data. 

Realizing the potential impact of 
these costs on State implementation 
of their bridge maintenance pro- 
grams, the Federal Highway Adminis- 
tration (FHWA) designated the re- 
moval of lead-containing bridge paint 
as a High Priority National Program 
Area. The immediate result of this 
was a symposium/ workshop organ- 
ized on the removal of lead-based 
paint, held February 29—March 1, 
1988, and March 2-3, 1988, respec- 
tively. 

Symposium 

The Lead Paint Removal Symposium, 
sponsored by the Steel Structures 
Painting Council was attended by 349 
people gathered together to voice 
concern over the mounting crisis of 
lead paint removal. Symposium infor- 
mation covered three basic objec- 
tives: 

@ To identify regulatory issues. 

@ To define associated manage- 
ment, engineering, and production 
problems. 

@ To review the strategies and 
methods being utilized and to assess 
their effectiveness. 

Selected excerpts of the information 
presented are discussed below. 

Bridge maintenance requirements 
and the impact of regulated waste 
disposal 

Past budgetary constraints have de- 
ferred the maintenance of failing 
bridge corrosion protection systems. 
This reduction in the priority of paint- 
ing has resulted in critical steel loss— 
particularly in areas of high corro- 
sion rates (e.g., expansion dams on 
truss bridges). 

The Pennsylvania Department of 
Transportation (PennDOT) bridge en- 
gineer defined and quantified the 
problems being experienced by Penn- 
sylvania. PennDOT maintains 15,000 
bridges, 5,500 of which are steel. A 
1980 survey indicated that 3,000 of 
these bridges were fast approaching 
a critical condition because of the 
lack of painting. The economic im- 
pact of this problem is exacerbated 
by the inflated cost of rehabilitation 
and painting. In 1984, it cost Penn- 

DOT $35 million to rehabilitate the 
Liberty Bridge. This bridge originally 
was built in 1929 for $2 million. 

Maintenance painting costs are 
further increased by the costs of con- 
tainment, storage, and disposal of 
paint residues. For example, Pennsyl- 
vania currently has 5,500 tons of non- 
hazardous waste stored at an island 
maintenance site, and 10,000 addi- 
tional tons is expected to be 
generated this summer by mainte- 
nance painting operations. Histori- 
cally, this material would be disposed 
of in landfills. However, for more than 

a year, efforts to obtain a disposal 
permit have been unsuccessful. 

Contract definition and contractor 

qualifications 

Qualified painting contractors are in- 
creasingly reluctant to bid on public 
work jobs. From a contractor’s view- 
point, the primary reasons for this re- 
luctance are poorly written, nondefini- 
tive specifications; and the resulting 
poor interpretation and evaluation of 
proposals and contractor capabilities 
based on these documents. 

Traditionally, specification language 
makes the contractor responsible for 
identifying, interpreting, and im- 
plementing all Federal, State, and lo- 
cal laws. This is a difficult task be- 
cause of the constant state of change 
from both a regulatory and inter- 
pretative viewpoint. Information on 
Clarification of the regulations is diffi- 
cult to obtain because of the 
bureaucratic process. Contractors 
state that this results in inherent 
danger of litigation and a potential in- 
crease of unanticipated costs. Addi- 
tionally, it is difficult for the owner to 
determine if all regulatory criteria 
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are being met by contractors’ propos- 
als. 

The following example was cited. 
Last year, in proposals solicited for 
the repainting of a bridge spanning a 
river and a park, the following cost 
variations were noted: 

e Estimated blasting and coating 
costs ranged from $1.87/sq ft to 
$3.88/sq ft. 

e@ Estimated nonhazardous waste 

disposal costs ranged from $50 to 
$250/ton. 

e Estimated hazardous waste dis- 

posal costs ranged from $70 to 
$650/ton. 

Three of the bidders could not obtain 
performance bonds; the remaining 
two proposers could not provide an 
acceptable containment plan. The 
project, therefore, was cancelled. 

Hazardous waste identification 

criteria 

Data were presented documenting 
the difficulties associated with the 
precision and reproducibility of the 
results obtained with the En- 
vironmental Protection Agency’s 
(EPA's) Toxicity Characterization 
Test Method 1310. Large variations 
in results were obtained—both be- 
tween analyses and between labora- 
tories—resulting in reclassification of 
paint waste from nonhazardous to 
hazardous. 

This method is being replaced by 
Test Method 1311, which adds 38 or- 
ganic compounds to the list against 
which the waste is to be evaluated. 
People who have compared the two 
methods note that the change of the 
acid used to adjust the pH of the lea- 
chete has increased the lead sensitiv- 
ity. This results in the reclassification 
of many lead-containing bridge clean- 
ing residua from nonhazardous to 
hazardous. The new method is the 
current regulation, it has not been fi- 
nalized and is subject to change; its 
use in determining waste classifica- 
tion is, thus, a risky proposition. 
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Lead Paint Removal 
Workshop 

The FHWA-sponsored Lead Paint Re- 
moval Workshop immediately fol- 
lowed the symposium. The large turn- 
out for the workshop demonstrated 
the criticality of the problem and the 
broad awareness of it; attendees rep- 
resented 31 different States, the Dis- 
trict of Columbia, Puerto Rico, and 
two foreign countries. 

Breakout groups were convened to 
define the problem elements, and 
identify research solutions for each 
of the following areas: (1) equipment 
and containment, (2) regulations and 
compliance, and (3) maintenance and 
management strategies. 

Task group reports and consensus 
recommendations will be reviewed 
and analyzed to develop a design for 
FHWA contract study to develop cost- 
effective removal, containment, and 
recovery methods. This research 
program will be initiated in fiscal year 
1989. 

Conclusion 

The problems associated with the re- 
moval and replacement of bridge 
paints containing lead are both cur- 
rent and critical. A dialogue and a co- 
Operative approach to the problems 
should be established among the con- 
cerned parties. This will require 
close coordination between a State's 
transportation department, its en- 
vironmental agency, and the pro- 
posed contractors. Each job is 
unique and will require an en- 
vironmental impact assessment and 
determination of the degree of con- 
tainment and motoring required. The 
methods used to control and dispose 
of the waste generated must also be 
well defined before contracting. 

If this cooperative approach Is not ini- 
tiated and improved methods are not 
developed through research, the re- 
moval and replacement of lead-con- 
taining paint on existing bridges will 
be a costly venture. 
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Recent Research Reports 
You Should Know About 

The following are brief descriptions 
of selected reports recently published 
by the Federal Highway Administra- 
tion, Offices of Research, Develop- 

ment, and Technology (RD&T). The 
Office of Engineering and Highway 
Operations Research and Develop- 
ment (R&D) includes the Structures 
Division, Pavements Division, and Ma- 

terials Division. The Office of Safety 
and Traffic Operations R&D includes 
the Traffic Systems Division, Safety 
Design Division, and Traffic Safety Re- 
search Division. All reports are avail- 
able from the National Technical Infor- 
mation Service (NTIS). In some cases 
limited copies of reports are available 
from the RD&T Report Center. 

When ordering from the NTIS, include 
the PB number (or the report num- 
ber) and the report title. Address re- 
quests to 

National Technical Information Service 

5285 Port Royal Road 
Springfield, Virginia 22161 

Requests for items available from the 
RD&T Report center should be ad- 
dressed to 

Federal Highway Administration 
RD&T Report Center, HRD-11 

6300 Georgetown Pike 
McLean, Virginia 22101-2296 
Telephone: (703) 285-2144 
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Systemwide Pavement Deterio- 
ration Analysis, Report No. 
FHWA/RD-87/070 

by Pavements Division 

The EAROMAR 2 (Economic Analy- 
sis of Roadway Occupancy for Main- 
tenance and Rehabilitation) comput- 
er program was updated to make net- 
work level cost estimates. The new 
EAROMAR SW version has a data 
base consisting of information from 
the Highway Performance Monitor- 
ing System (HPMS), FHWA truck 
weight data distributions, and nation- 
wide environmental factors. The new 
pavement damage models, which 
have been incorporated into EARO- 
MAR SW, come from the latest work 
by the World Bank to update its High- 
way Design and Maintenance Stan- 
dards Model (HDM) and the FHWA 
cost allocation study. Sensitivity re- 
sults and regional estimates for the 
Interstate system demonstrate the 
systems’ capabilities. 

This report may only be purchased 
from the NTIS: (PB No. 87— 
182143/AS, Price code: A08). 

Roadside Safety Library Informa- 
tion Retrieval System (LIRS), Vol. 
|, Users Manual, Report No. 
FHWA/RD-87/082, and Vol. Il, Pro- 
grammers and Operators Manual, 
Report No. FHWA/RD-87/083 

by Safety Design Division 

The Roadside Safety Library (RSL) 
maintained by the Federal Highway 
Administration is a collection of com- 
puter programs which simulate vehi- 
cle handling, vehicular crash with 
roadside objects including safety ap- 
purtenances, and post-collision be- 
havior of occupants, along with a col- 
lection of a large number of crash 
test films which serve to supplement 
and to validate the Simulation Pro- 
grams. The crash test films, with a 
test query system to retrieve perti- 
nent information from these films, 
comprise the Testing Data Base. 

LIRS (Library Information Retrieval 
System) is an interactive program 
which guides a user to access avail- 
able information on any of the com- 
puter programs existing in the RSL. 

Volume | of this two-volume report is 
the users manual and gives a com- 
prehensive outline of the system and 
how it works. Volume II, a program- 
mers and operators manual, pre- 
sents a concise description of the 
LIRS. 

These reports may only be pur- 
chased from the NTIS: (Vol. |, PB No. 
87—191110/AS, Price code: A03; Vol. 
Il, PB No. 87—191128/AS, Price 
code: A04). 
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Safety Cost-Effectiveness of In- 
cremental Changes in Cross Sec- 
tion Design—Informational Guide, 
Report No. FHWA/RD-87/094 

by Safety Design Division 

This guide presents information for 
estimating the costs and safety bene- 
fits which might be expected due to 
various improvements on specific 
sections of rural, two-lane roads. 
Such improvements covered in this 
guide include lane widening, 

shoulder widening, shoulder surfac- 
ing, sideslope flattening, and road- 
side improvements. This guide will be 
useful to those involved with the de- 
sign of 3R-type projects, particularly 
for improvement projects which will 
be constructed on existing vertical 
and horizontal alignment and within 
the existing right-of-way. 
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The accident relationships with road- 
way geometrics and cost data con- 
tained in this guide resulted from re- 
search conducted for the Federal 
Highway Administration (FHWA). Re- 
search report FHWA/RD-87/008 en- 
titled “Safety Effects of Cross Section 
Design for Two-Lane Roads, Volume 
|, Final Report” contains the major re- 
sults and conclusions of the study. 
Research report number FHWA/RD-— 
87/009 subtitled “Volume II, Appen- 
dixes” contains details on the data 
base and the data analysis. 

Limited copies of this report are avail- 
able from the RD&T Report Center. 

Relationship of Consolidation to 
Performance of Concrete Pave- 
ments,” Report No. FHWA/RD— 
87/095 

by Materials Division 

This report summarizes research on 
the relationship of degree of con- 
solidation to critical performance 
properties of portland cement con- 
crete (PCC) pavements and on the 
suitability of nuclear density guages 
for monitoring consolidation of such 
pavements. It will be of interest to ma- 
terials and construction engineers 
concerned with PCC construction. 

Limited copies of this report are avail- 
able from the RD&T Report Center. 

Optimization of Left-Turn Phase 
Sequence in Signalized Net- 
works—MAXBAND 86, Vol. |, Sum- 
mary Report, Report No. 
FHWA/RD-87/109; Vol. Il, Users 
Manual, Report No. FHWA/RD- 
87/110; and Vol. Ill, Program 

Manual, Report No. FHWA/RD- 
87/111 

by Traffic Systems Division 

These reports describe the MAX- 
BAND 86 program which was 
developed to provide the capability of 
optimizing the sequence of left turns 
and through movements at multi- 
phase signalized intersections in co- 
ordinated signal networks. Previous 
and current research has shown that 
significant reductions in vehicular 
delay can be obtained by using this 
Capability. 
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These reports may only be pur- 
chased from the NTIS: (PB Nos. 87— 
229357/AS, Price code: A06; 87— 
229365/AS, Price code: A14; 87— 
229373/AS, Price code: A14) 

The computer program may be ob- 
tained by writing Dr. Stephen Cohen, 
Traffic Systems Division, (HSR-10), 
Federal Highway Administration, 
6300 Georgetown Pike, McLean, 
Virginia 22101-2296. 

Handbook of Guidelines for the 
Lightning Protection of Electronic 
Traffic Control Equipment, Report 
No. FHWA/RD-86/073 

by Traffic Systems Division 

This handbook is a synthesis of prac- 
tice and application guidelines for the 
protection of electronic traffic control 
equipment from damage and/or dis- 
rupted operation due to lightning in- 
duced effects. It is intended to pro- 
vide traffic engineers and other con- 
cerned persons with a basic under- 
standing of this problem and possible 
approaches to its solution. 

This report may only be purchased 
from the NTIS: (PB No. 86— 
169620/AS, Price code: AO6). 
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Improved Methods to Eliminate 
Reflection Cracking, Report No. 
FHWA/RD-86/075 

by Pavements Division 

Existing elastic and viscoelastic frac- 
ture mechanics theories have been 
reviewed and modified to develop a 
theory capable of predicting the for- 
mation of reflective cracking in flex- 
ible overlays over rigid pavements 
due to thermal forces. The developed 
cracking model is based on fun- 
damental material properties (creep 
compliance, indirect tensile strength, 
fracture toughness) and does not 
use an empirical distress function. 
Models also have been developed to 
predict the formation of reflective 
cracking due to load-associated fa- 
tigue. To this extent a finite element 
analysis model was developed to 
compute the critical tensile strain in 
the asphalt overlay over the existing 
joint or crack. This strain has been 
related to the allowable strain 
through laboratory fatigue tests. The 
developed models have been vali- 
dated with limited field data. A 
complete verification was not 
possible because of a lack of field 
projects having the required input 
data. 

This report may only be purchased 
from the NTIS: (PB No. 86— 
180080/AS, Price code: A09). 

Improved Methods for Patching 
on High-Volume Roads, Report 
No. FHWA/RD-86/076 

by Pavements Division 

This report presents data that iden- 
tify and categorize by pavement type, 
the kinds of distress found on high- 
volume roads requiring patching. 
Methods for making rapid repairs to 
the distressed areas are determined 
and described. Pavement types con- 
sidered for which repair methods are 
provided include bituminous con- 
crete, portland cement concrete 
(both slab design and continuously 
reinforced), and composite. 

A search of both published and un- 
published literature was conducted 
to determine the processes which 
are most suitable for the repair of 
high-volume roads. Procedures, ma- 
terials, and equipment are evaluated 
and discussed together with traffic 
control, maintenance management, 

maintenance operations, training, 
and economics. Visits made to loca- 
tions in nine States include over 30 
sites where pavement repairs of 
various types were being made. 
Agencies included State Highway or 
State Transportation Departments, 
cities, and toll authorities. Detailed 
field reports of the findings are in- 
cluded. 

This report may only be purchased 
from the NTIS: (PB No. 86— 
180072/AS, Price code: AO9). 
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Implementation/User Items 
“how-to-do-it”’ 

The following are brief descriptions 
of selected items that have been 
completed recently by State and Fed- 
eral highway units in cooperation 
with the Office of Implementation, Of- 
fices of Research, Development, and 

Technology (RD&T), Federal Highway 
Administration. Some items by others 
are included when the items are of 
special interest to highway agencies. 
All reports are available from the 
National Technical Information Serv- 
ice (NTIS). In some cases limited cop- 
ies of reports are available from the 
RD&T Report Center. 

When ordering from the NTIS, include 
the PB number (or the report num- 
ber) and the report title. Address re- 
quests to 

National Technical Information Service 

5285 Port Royal Road 
Springfield, Virginia 22161 

Requests for items available from the 
RD&T Report Center should be ad- 
dressed to 

Federal Highway Administration 
RD&T Report Center, HRD—11 
6300 Georgetown Pike 
McLean, Virginia 22101-2296 
Telephone: (703) 285-2144 
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Portable Concrete Barrier Connec- 

tors, Publication No. FHWA-TS— 
88—006 

by Office of Implementation 

In the mid to late 70's, the portable 
concrete barrier (PCB) came into 
general use as a longitudinal con- 
struction zone barrier. At first, the 
PCB segments were simply butted to- 
gether. It soon became evident that a 
method was needed to connect the 
barrier segments. This need re- 
sulted in the development of a wide 
variety of different types of connec- 
tors. 

In general, the weakest points in a 
PCB installation are the connectors. 
Therefore, the overall strength of the 
PCB is controlled by the strength 
properties of its connections. A sur- 
vey of different types of connections 
reveals that there is a significant var 
iation in their respective structural 
capacities. 

This report presents the state of the 
art in PCB connector technology. 
The report includes a description of 
the types of PCB connectors, a deter- 
mination of connector strength, 
crash test results, and the applica- 
tion and maintenance problems. The 
recommendations concerning addi- 
tional research and crash testing are 
currently under consideration by the 
appropriate offices within the FHWA. 
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Limited copies of this report are avail- 
able from the RD&T Report Center. 
The publication also may be pur- 
chased from the NTIS: (PB No. 88— 
218854/AS, Price code: A08). 

Retrofit Railings for Through- 
Truss Bridges Publication No. 
FHWA-TS-—88—017 

by Office of Implementation 

Through-truss bridges that have re- 
mained in service are required to 
handle traffic that existed when they 
were built. Many of these bridges 
were designed with low-strength 
pedestrian railngs or with rails and 
posts which can snag colliding ve- 
hicles. This report provides informa- 
tion on use of two retrofit railing sys- 
tem for trough-truss bridges. The 
first system is the Lower Service Ret- 
rofit Railing (LSRR) which was de- 
signed to contain and redirect a 
4,500-lb automobile colliding at 60 
mi/h and 15 degrees. The LSRR Is in- 
tended for use on through-truss 
bridges having the following charac- 
teristics: 

@ One-lane traveled way. 

e 20-ft wide, 2-lane traveled way. 

@ Automobile traffic only. 

@ Posted speed limit of 35 mi/h or 
less when carrying truck and bus 
traffic. 

The second system is the High Per- 
formance Railing (HPR) which was 
designed to contain and redirect a 
20,000-Ib school bus colliding at 55 
mi/h and a 15 degree impact angle 
without damaging truss members be- 
hind the railing. 

The HPR is intended for use on 
trusses having a significant number 
of vehicles weighing 20,000 Ib or less. 

Retrofit bridge rails can make it 
possible to leave many of these 
bridges in service until replacement 
is economically feasible. 

The report may only be purchased 
from the NTIS: (PB No. 88—168737, 
Price code: AO3). 
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Truck-Mounted Attenuators, Pub- 
lication No. FHWA-TS-88—018 

by Office of Implementation 

This report contains an overview of 
the availability, cost, deployment 
methods, and performance of 
various truck-mounted attenuator 
systems. The report provides practi- 
cal guidance on where and how to 
use them in both stationary and 
moving operations. 

This material will be of special inter- 
est to highway maintenance en- 
gineers and safety specialists re- 
sponsible for the safety of mainte- 
nance operations. 

The publication may only be pur- 
chased from the NTIS: (PB No. 88— 
168711, Price code: A03). 

Seismic Design and Retrofit 
Manual for Highway Bridges Re- 
port No. FHWA-IP-87-6 

by Office of Implementation 

This manual is a guide to the seismic 
design and retrofit of highway 
bridges. It presents the basic prin- 
ciples of seismology, dynamics, and 
design as they relate to highway 
bridge structures. The manual 
highlights the importance of simplic- 
ity, symmetry, and integrity of 
seismic design concepts for bridges, 
as well as giving examples of accept- 
able structural design and designs to 
be avoided. 

Methods for calculating design forces 
and displacements are developed 
and analyzed, and relevant computer 
software is discussed. 

The manual should be useful to both 
beginners and experts in seismic de- 
sign. 

Limited copies of this manual are 
available from the RD&T Report Cen- 
ter. The manual also may be pur- 
chased from the NTIS: (PB No. 88— 
169503, Price code: A14). 
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Environmental Flow Charts, Re- 
port No. FHWA-IP-87-9 

by Office of Implementation 

This Implementation Package con- 
tains an annotated flow chart of each 
major environmental subject area for 
which the Federal Highway Adminis- 
tration (FHWA) has a responsibility. 
The specific concerns have evolved 
from focused laws, regulations, and 
executive orders; such as, the Clean 
Air Act, the Endangered Species Act, 
36 CFR 800 (Protection of Historic 
and Cultural Properties), the Wet- 
lands Executive Order, etc. Compre- 
hensive environmental concerns are 
derived from the language of the 
National Environmental Policy Act 
(NEPA) and Section 109(h) of Title 
23. Flow charts for these issues and 
processes are not included in this 
package. 

This document provides an abbre- 
viated desk reference which should 
be useful in identifying and tracking 
the myriad of environmental 
processes applicable to highway pro- 
ject development. It also will be use- 
ful when project development activi- 
ties require coordination with other 
public and private agencies and enti- 
ties. 

The document is published in loose- 
leaf format to facilitate changes and 
revisions as the various require- 
ments change. The individual pages 
can be joined together to produce a 
fold-out chart for each subject. Users 
are free to modify the charts in any 
way they feel is useful and appro- 
priate. The charts do not constitute a 
rule, regulation, or standard. 

Limited copies are available from the 
Federal Highway Administration, Of- 
fice of Environmental Policy, (HEV— 
20), 400 7th Street, SW Washington, 
DC, Telephone: (202) 366-9173. 
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Equipment Management Sym- 
posium—Proceedings Synopsis 
1986 Report No. FHWA-TS-—87-227 

by Office of Implementation 

This report Summarizes the in- 
dividual technical papers and presen- 
tations made at the Maintenance 
Equipment Management Symposium 
held in Indianapolis, Indiana, Novem- 
ber 18-20, 1986. The papers and 
presentations relate the experiences 
of various States and county equip- 
ment managers with implementing 
automated Equipment Management 
Systems (EMS). The symposium was 
hosted by the Indiana Department of 
Highways and was sponsored by the 
Federal Highway Administration, Of- 
fice of Implementation. 

Reports were made by four States 
who contracted with FHWA to test im- 
plement an automated EMS as part 
of an FHWA sponsored pooled fund 
research study. Presentations were 
delivered by 13 States and two local 
highway agencies. Information also 
was presented by the firm, Me LTD, 
about both a Maintenance Manage- 
ment System (MMS) and Equipment 
Maintenance Systems Manual which 
was developed for local highway 
agencies under a Rural Technical As- 
sistance Program project funded by 
FHWA. 

This report may only be purchased 
from the NTIS: (PB No. 88—149703/- 
AS, Price code: A0O3). 

Evaluation of Equipment for Mea- 
suring Voids Under Pavements, 
Report No. FHWA-TS-—87-229 

by Office of Implementation 

This report documents the results of 
an evaluation conducted on equip- 
ment which can be used to detect 
voids under portland cement con- 
crete pavements. Included in the eval- 
uation were a proof roller, Benkel- 
men Beam, Dynaflect, falling weight 
deflectometer, ground penetrating 
radar devices, and transient dynamic 
response equipment. The evaluation 
was based on information compiled 
from a literature search and from 
previous field tests conducted by 
several States. 

The report should be of interest to 
those individuals involved with pave- 
ment evaluation procedures and 
equipment. 

Limited copies of this report are avail- 
able from the RD&T Report Center. 
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New Research in Progress 

The following new research studies 
reported by FHWA’s Office of Re- 
search, Development, and Technology 
are sponsored in whole or in part 
with Federal highway funds. For 
further details on a particular study, 
please note the kind of study at the 
end of each description and contact 
the following: Staff and administra- 
tive contract research—Public Roads 
magazine; Highway Planning and Re- 
search (HP&R)—Performing State 
highway or transportation depart- 
ment; National Cooperative Highway 
Research Program (NCHRP)—Pro- 
gram Director, National Cooperative 
Highway Research Program, Transpor- 
tation Research Board, 2101 

Constitution Avenue, NW., Washing- 
ton, DC 20418. 

NCP Category A—Highway 
Safety 

NCP Program A.1: Traffic Control 
for Safety 

Title: Highway Simulator (HYSIM) 
Maintenance and Support. (NCP 
No. 3A1C0122) 
Objective: Provide nonpersonal sup- 
port services to: 

@ Maintain HYSIM hardware and 

software. 

@ Modify hardware and/or software 
to meet requirements of specific ex- 
periments. 

e Assist in testing subjects in 
HYSIM studies. 

@ Calibrate and operate simulator 
during experimentation. 

® Assist in data reduction. 

@ Incorporate general purpose 
hardware/software into the HYSIM 
for enhanced research capability. 
Performing Organization: ENSCO, 
Inc., Springfield, VA 22151 
Expected Completion Date: March 
1989 
Estimated Cost: $185,000 (FHWA 
Administrative Contract) 

NCP Program A.4: Special High- 
way Users 

Title: Hazardous Materials Move- 
ment. (NCP No. 4A4E3012) 
Objective: Develop a decision- 
making framework using existing 
data (or easily obtainable data) to: 

@ Identify the risks associated with 
hazardous materials highway trans- 
portation. 

@ Match those risks with specific 
areas of concern to develop risk 
rankings. 

@ Develop a method to identify op- 
tions to mitigate risks and select the 
most cost-effective option with maxi- 
mum risk reductions potential. 

@ Develop a model to evaluate the 
potential for catastrophic events. 

@ Develop and utilize a master list 
of options which will reduce the iden- 
tified risk. 

@ Conduct field tests to evaluate 
and refine the information and 
decision-making process developed 
in previous tasks. 
Performing Organization: Virginia 
Polytechnic Institute, Blacksburg, VA 
24061 
Funding Agency: Pennsylvania De- 
partment of Transportation 
Expected Completion Date: May 
1990 
Estimated Cost: $250,000 (HPR) 
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NCP Program A.5: Design 

Title: Vehicle Impact Tests of Con- 
crete Median Barriers with Con- 
crete Glare Screens. (NCP No. 
4A5B1172) 
Objective: Design and crash test a 
retrofit glare screen slip-formed on 
top of an existing safety shape con- 
crete median barrier. A full-height, 
slip-formed, safety shape concrete 
median barrier tall enough to serve 
as a glare screen will also be tested 
and developed. 
Performing Organization: California 
Department of Transportation, 
Sacramento, CA 95807 
Expected Completion Date: Decem- 
ber 1989 
Estimated Cost: $175,000 (HP&R) 

NCP Category B—Traffic 
Operations 

NCP Program B.1: Traffic Manage- 
ment Systems 

Title: Data Base Storage and Loop 
Detector Validity. (NCP No. 
4B1A2052) 
Objective: Study and determine the 
uses and most cost-effective storage 
for the freeway data collected from 
the surveillance and control system 
on Seattle area freeways. Develop al- 
gorithms for determining the validity 
of the data. 
Performing Organization: Univer- 
sity of Washington, Seattle, WA 
98195 
Funding Agency: Washington State 
Department of Transportation 
Expected Completion Date: July 
1989 
Estimated Cost: $70,200 (HP&R) 

NCP Program B.1: Traffic Analy- 
sis and Operational Design Aids 

Title: Traffic Management through 
Public/Private Partnerships. (NCP 
No. 4B1C0062) 
Objective: Develop a manual that 
will allow jurisdictions to match specif- 
ic urban settings and problem areas 
with appropriate traffic management 
strategies in which public and private 
agencies can jointly participate. 
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Performing Organization: COMSIS 
Corporation, Wheaton, MD 20902 
Funding Agency: Pennsylvania De- 
partment of Transportation 
Expected Completion Date: Sep- 
tember 1989 
Estimated Cost: $100,000 (HP&R) 

NCP Category C—Pave- 
ments 

NCP Program C.1: Evaluation of 
Rigid Pavements 

Title: Pavement Design Parame- 
ters (for Kentucky conditions). 
NCP No. 4C1B1252) 
Objective: Determine the signifi- 
cance and sensitivity of the answers 
for the 14 newly applied variables in- 
corporated into the 1986 AASHTO 
Guide for the Design of Pavement 
Structures. Some factors are well de- 
fined, but others are averages that 
need to be adapted to the locality in 
which they will be used. Provide spe- 
cific values needed for Kentucky con- 
ditions for both flexible and rigid pave- 
ments. 
Performing Organization: Kentucky 
Transportation Research Program, 
Lexington, KY 40506 
Funding Agency: Kentucky Trans- 
portation Cabinet 
Expected Completion Date: April 
1991 
Estimated Cost: $159,500 (HP&R) 

Title: Preventive Maintenance and 
Rehabilitation Techniques to Miti- 
gate the Effects of Corrosion-Re- 
lated Deterioration in Continu- 
ously Reinforced Concrete Pave- 
ment (CRCP). (NCP No. 
4C1C3042) 
Objective: Determine which rehabili- 
tation and maintenance method for 
CRCP are most effective in extending 
the life of the pavement when black- 
steel reinforcement shows marked 
signs of early distress. Perform tests 
on cathodic protection; longitudinal 
edge drains; corrosion inhibitors; 
rubblizing CRCP and AC overlays; 1 
1/2-in overlay; 3-in and 5-in AC over- 
lay with and without impervious mem- 
branes; full-depth patching; bonded 
concrete overlays; and effectiveness 
of epoxy-coated rebars and control 
sections. 

These sections are planned for I-43 
Walworth County; U.S. Highway 53, 
Barron County; |I-90/94 Sauk and 
Columbia Counties; and U.S. High- 
way 41, Brown County, Wisconsin. 
Performing Organization: Wiscon- 
sin, Department of Transportation, 
Madison, WI 53707 
Expected Completion Date: March 
1994 
Estimated Cost: $149,600 (HP&R) 

NCP Program C.2: Evaluation of 
Flexible Pavements 

Title: Field and Laboratory Inves- 
tigations of Polishing of Aggre- 
gates and Skid Resistance of Flex- 
ible Pavements. (NCP No. 
4C2A3493) 
Objective: Develop mathematical 
models relating wet accident rate 
and skid number based on accident 
data and MU meter measurements. 
Measure macrotexture in the field 
and correlate with variables of the 
asphalt mix. Correlate aggregate pol- 
ish value and macrotexture to pave- 
ment skid resistance. Determine if 
changes in polish value specifications 
are needed based on the earlier por- 
tions of the study. 
Performing Organization: Univer- 
sity of Puerto Rico, Mayaguez, PR 
00709 
Funding Agency: Puerto Rico De- 
partment of Transportation and Pub- 
lic Works 
Expected Completion Date: April 
1989 
Estimated Cost: $106,500 (HP&R) 

Title: Asphalt Concrete Overlay 
Design Implementation. (NCP No. 
4C2C1092) 
Objective: Implement the “EVER- 
PAVE” overlay design procedure that 
was developed for the Washington 
State Department of Transportation 
under Study No. 479. Monitor test 
sites, and make refinements to the 
overlay design procedure. Develop a 
training package and conduct train- 
ing classes. 
Performing Organization: Washing- 
ton State Transportation Center, 
Seattle, WA 98195 
Funding Agency: Washington State 
Department of Transportation 
Expected Completion Date: May 
1990 
Estimated Cost: $125,000 (HP&R) 
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Title: Performance of Overlaid 
Portland Cement Concrete Pave- 
ment in Indiana. (NCP No. 
4C2C1102) 
Objective: Develop an approximate 
estimate of the performance of over- 
laid portland cement concrete pave- 
ment in Indiana. Survey a total of 72 
1-mile test sections in three en- 
vironmental zones with three levels 
of truck traffic and having either one 
or two overlays of asphalt concrete. 
Collect and analyze data on deflec- 
tion, roughness, and distress infor- 
mation over a 5-year period. 
Performing Organization: Indiana 
Department of Highways, Indi- 
anapolis, IN 46204 
Expected Completion Date: Decem- 
ber 1994 
Estimated Cost: $154,900 (HP&R) 

NCP Program C.3: Field and Labo- 
ratory Testing 

Title: Instrumentation and Evalua- 
tion of Prestressed Concrete Pave- 
ment. (NCP No. 4C3D0052) 
Objective: Develop performance 
data from an actual prestressed 
pavement to be constructed along a 
section of U.S. 220 (SR 220), Section 
1301, in Blair County, Pennsylvania. 
Develop and implement a detailed 
plan for instrumenting, monitoring, 
and evaluating the prestressed pave- 
ments; determine the suitability of 
the procedure used to design the 
pavement; develop recommendations 
for improved design and/or construc- 
tion of prestressed concrete pave- 
ment to fit conditions in Pennsylvania. 
Performing Organization: Construc- 
tion Technology Laboratories, 
Skokie, IL 60077 
Funding Agency: Pennsylvania De- 
partment of Transportation 
Expected Completion Date: Oc- 
tober 1989 
Estimated Cost: $150,000 (HP&R) 
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NCP Category C—Pave- 
ments 

NCP Program C.4: Management 
Strategies 

Title: Digital Data Acquisition and 
Archiving Systems. (NCP No. 
4C4C3112) 
Objective: Conduct a feasibility 
study for a digital photologging sys- 
tem; design and develop a digital 
data acquisition system; develop pro- 
cedures for digitizing 35mm film. De- 
sign and develop an archiving and re- 
trieval system; develop and demon- 
strate new applications with the digi- 
tal photologging system. Provide rec- 
ommendations for future develop- 
ment of the digital photologging 
system. 

Performing Organization: Ohio 
State University, Columbus, OH 
43210 
Funding Agency: Ohio Department 
of Transportation 
Expected Completion Date: March 
1990 
Estimated Cost: $202,000 (HP&R) 

NCP Program C.4: Management 
Strategies 

Title: Connecticut Long-Term Pave- 
ment Performance Study. (NCP 
No. 4C4C3152) 
Objective: Validate and refine ex- 
isting performance curves and devel- 
op performance prediction models. 
Performing Organization: Connec- 
ticut Department of Transportation, 
Wethersfield, CT 06109 
Expected Completion Date: May 
1993 
Estimated Cost: $343,000 (HP&R) 

NCP Category D—Structures 

NCP Program D.1: Design 

Title: Plastic Hinge Details for 
Bridge Column Bases. (NCP No. 
4D1A2132) 
Objective: Investigate the formation 
of plastic hinges in oversized bridge 
columns. Identify problems in sug- 
gested details and make recom- 
mendations for seismic detailing of 
plastic hinges in oversized columns. 
Conduct a literature search; perform 
tests of very small-scale models to 
guide design of 1/6 scale models and 
conduct tests of 1/6 scale models. 
Develop an analytic model based on 
the test results. 
Performing Organization: Washing- 
ton State University, Pullman, WA 
99164 
Funding Agency: Washington State 
Department of Transportation 
Expected Completion Date: June 
1990 
Estimated Cost: $191,000 (HP&R) 

Title: Detecting Incipient Failures 
in Bridges. (NCP No. 4D2B1082) 
Objective: Develop a bridge 
monitoring system to be used to 
detect incipient failures in bridges. 
The system will be based on the use 
of diagnostic dynamic testing and a 
spectrum analyzer and an expert 
system computer program. 
Performing Organization: 
Duke University, Durham, NC 
27706 
Funding Agency: Pennsylvania 
Department of Transportation 
Expected Completion Date: 
August 1990 
Estimated Cost: $387,000 (HP&R) 

(The above information was incor- 
rectly stated in the December 1987 
issue of Public Roads magazine.) 

*U.S. Government Printing Office: 1988—202-880/80004 
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Title: Fatigue Testing of Pre- 
stressed Beams. (NCP No. 
4D1B1092) 
Objective: Perform inservice testing 
of a three-span prestressed con- 
crete skewed bridge for live load dis- 
tribution and actual live load 
stresses. Laboratory test two to 
three beams removed from the 
bridge for static and fatigue charac- 
teristics and estimate remaining life 
of the beams. Develop load rating 
methods for existing prestressed 
concrete |-Beam and similar bridges. 
Performing Organization: Lehigh 
University, Bethlehem, PA 18015 

Funding Agency: Pennsylvania De- 
partment of Transportation 
Expected Completion Date: Sep- 
tember 1990 

Estimated Cost: $200,000 (HP&R) 

Title: Test Procedures for Drive 
Posts. (NCP No. 4D1B3152) 
Objective: Investigate the failure 
modes of typical single drive posts. 
Based on the findings, develop specif- 
ications and laboratory testing proce- 
dures which account for actual 
forces being experienced by drive 
posts in the field. 
Performing Organization: CTL En- 
gineering, Inc. Columbus, OH 43204 
Funding Agency: Ohio Department 
of Transportation 
Expected Completion Date: March 
1989 
Estimated Cost: $75,000 (HP&R) 

PUBLIC ROADS e Vol. 52, No. 2 

Title: Evaluation of Corrugated 
Metal and Reinforced Concrete 
Pipe Used as Drainage Structures 
Under State Highways. (NCP No. 
4D1D4032) 
Objective: Evaluate cross-road 
culvert pipes on the State highway 
system for material condition and 
functional adequacy. Develop the ex- 
pected life of different types of 
Culvert pipes based on this evalua- 
tion. Inspect and analyze in-place 
culvert pipe for deterioration. Fac- 
tors to be studied include: Age, mate- 
rial type, contact soils, water effluent, 
and watershed environment. 
Performing Organization: Missouri 
Department of Transportation, Jeffer- 
son City, MO 65102 
Expected Completion Date: April 
1990 
Estimated Cost: $600,000 (HP&R) 

NCP Category E—Materials 
and Operations 

NCP Program E.5: Maintenance 
Effectiveness 

Title: Study of Rest Area Truck 
Parking. (NCP No. 4E5D2832) 
Objective: identify the factors which 
influence the demand for truck park- 
ing at rest areas. Develop empirical 
mathematical models which will pre- 
dict the demand for truck parking at 
rest areas. Develop feasible alterna- 
tives of accommodating truck park- 
ing demands, and recommend poli- 
cies and programs to implement the 
results. 
Performing Organization: Byrd, Tal- 
lamy, MacDonald, and Lewis, Falls 
Church, VA 22042 
Funding Agency: Ohio Department 
of Transportation 
Expected Completion Date: April 
1989 
Estimated Cost: $136,450 (HP&R) 

NCP Program E.9: Technology 
Transfer for Materials and Opera- 
tions 

Title: Design and Develop a Proto- 
type Automated Highway Raised 
Pavement Marker Installation Ma- 
chine. (NCP No. 4E9E0173) 
Objective: Develop and test a proto- 
type mechanical machine that will au- 
tomatically install raised pavement 
markers using asphalt adhesives and 
completely remove the maintenance 
worker from any exposure to the 
flow of traffic. 
Performing Organization: California 
Department of Transportation, 
Sacramento, CA 94274 
Expected Completion Date: March 
1990 
Estimated Cost: $75,000 (HP&R) 
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