Coal tar overruns:
tests help clear up controversy

4
he Koppers Co., Inc., and lhe
National Roofing Contractors
Association (NRCA) are conduct-
ing a two-phase joint program to

deterniine the relationship between beat-
ing and application temperatures, appli-

cation viscosity and the amouni of

inlerply moppings of bot-applied coal tar
products used in the construction of built-
up roofing membranes. The first phase,
using band-mopping application tech-
nigues, bas been completed and the results
ave given in this interim report. The sec-
ond phase will address mechanical appli-
cation procedures, which probably
account for the majority of the roofs
appied.

Twenty-four test-roof sections, 3 feet
wide by 16 to 20 feet long were con-
structed, Three major variables were stud-
fed: temperature at point of application;
materials (coal tar pitch, which for this
report refers to ASTM D-450, Type | and
coctd far bitumen, which refers to ASTM D-
4530, Type HI); and application methods
(broomed roofing was compaved with
not-broomed roofing). All other variables
were held constant.

A total of 144 I-foot-square sample cou-
pons were cut from the test roof panels.
These coupons were weighed and the
applied weight of the coal tar material
was calculuted. Other tests, including
physical properties, wviscosity, tensile
strength and elongation, were conducted
Jor control and comparison purposes.

The data show that application temper-
alure ranges of 300F fo 425F vesulted in
dverage interply mopping weights of 15.2
to 313 pounds per 100 square feel,
depending on the material, temperature
and whether the felt was broomed or not
broomed.

The test resulls indicate that the viscosi-
ties of coal tar roofing products in the
femperature range of 300F to 425F varied
Sromabowut 10 to 100 cenlipoise (79 to 70.4
centistoRes).

Based upon the deata presented, the tis-
cosity range for codl tar products at the
point of application fo dachieve appropri-
ale interply quantities would be 15 fo 35
centipoise (119 fo 278 centistokes). This
eqrdtes 10 g equiviscous femperatire
(EVT) for coal tar bitumen of 375F £25F
and for coal tar pitch of 360F + 25F

Introduction

NRCA has received complaints of over-
runs during the application of coal tar
products, that is, more material being
required than was specified. Overruns as
high as 45 percent above the specified
amouwnt have been reported. This led to
claims that manufacturer-published cover-
age specifications appeared to be too low
to be achievable at the recommended
application temperatures. This poimt has
been the subject of controversy in the
industry.

In an effort to clcar up this uncertainty,
NRCA and Koppers have joined in carrying
out a ctwo-phased test program on coal tar
bitumen and coal tar pitch to determine the
relationship of temperature, viscosity and
interply rates during the application of
built-up roofing membranes, using both
hand-moepping and mechanical faying tech-
niques. The tests and their results and con-
clusions of the hand-mopping phase arc
presented in this interim report.

Prior test experience

The NRCA/Koppers test program was
precipitated by a laboratory test program
sponsored by NRCA at Chicago Testing
Laboratory, Inc. The test results were
published as “Contractors prompt coal tar
tests; results show ASTM standards inade-
quate,” by William €. Cullen, NRCA
rescarch associate, in Roafing Spec, Febru-
ary 1984, The NRCA program objectives
were: T)to provide leads to the cause of the
apparcnt overruns and other alleged prob-
lems associared with che use of coal tar




products; 2) to measure the physical prop-
erty differences between coal tar pitch and
coal 1ar bitumen and how the differences
relate 1o on-the-roof performance; and 3)
to investigate the strengths and weaknesscs
of the current ASTM Standards Specifica-
tion ASTM D-430 as they relate to perform-
ance under service conditions.

NRCA/Koppers study objectives

Cullen’s article noted the need for addi-

tional field research to address the overrun |

complaints. The_ subsequent NRCA/
Koppers study addressed the overrun
problem. Therefore, the primary objective
was to determine the relationship between
application temperature, viscosity and
interply mopping weight application rates
of coal rar products.

Study parameters

Three fundamental variable factors
affect the application rate of hot-applied
interply roofing coal tar products:

B physical characteristics of the material;

B point-of-application temperature; and
B method of application.

The application temperature is depen-
dent on several other factors that occur on
the jobsitc. Ambient temperature, wind
velocity, nature of the substrate, atmo-
spheric conditions, kettle temperature,
speed of application and insubation of lug-
gers and pipes are among the important
factors that influence the application tem-
perature. Method of application, experi-
ence and teamwork of the work crew, and
competence of supervision are also impor-
tant factors.

Test procedures

Specimen preparation—before the start
of the (ests, 24 tour-square rolls of felt were
prepared by removing the first 50 feet,
then sequentially numbering the rolls one
through 24 {one roll for ¢ach test). From
the last 15 feet of cach 50-foot section, 10-
to 12-inch-by-12-inch samples were
removed, weighed, labeled, packaged and
retained for later examination. Feit weights
used in calculating interply quantities were
based on the actual weights of these
samples.
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The test sequence provided a broomed
and not-broomed membrane at each tem-
perature. Application was started at the
low temperature and progressed to the
high temperature.

In preparation for each test, the kettle
temperature was raised to approximately
25F above the designated point-of-
application temperature. The bitumen was
transferred to the insulated mop cart and
allowed 1o cool to within 5F of the applica-
tion tempcerature. While the bitumen was

cooling, a thermocouple was placed on top
of the separator sheet and the firse layer of
telt was rolled into place. When the bitu-
men in the mop cart reached the desired
icmperature, mopping began. For all even-
numbered tests the felt was broomed in.
Additional thermocouples were placed
between subsequent plies (see Figure 1),
and the temperature was recorded at 10-
second intervals by the cccorders. The
moembrane consisted of one ply of No. 15
coal tar saturated felt stapled o the deck
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and three additional plies of No. 15 coal tar
saturated felt mopped on with hot biturnen
(cither coal tar pitch or coal tar bitumen)
and recorded. When the membrane was
completed, 1-foot-square test coupons
werce cut from the membrane and labeled
50 their locations could be identified (Fig-
ure 1) and weighed. These coupons were
packaged and retained for laboratory eval-
vation. The average interply quantity was
calculated by subtracting the known felt
weight from the total coupon weight.

Optical measurcment of interply
thickness—a machinists mictoscope was
used in an attempt 10 make thickness mea-
surements of the bitumen from the test cou-
pons. A cross scction of each membrane was
cut to fit the stage of the microscope,
Thickness measured by the optical
method did not agree with the theoretical
thickness calculated from the quantity of
intéfply bitumen as determined by the

weight method. Measurement of the inter-
ply bitumen by the optical method was
found to be difficult and could possibly be
misleading because the interface between
the felt and bitumen was not clearly
defined due to the texture of the felt and
the penctration of the bitumen into the
felt. Membranes produced at the higher
temperature have a measured (optical}
thickness lower than the thickness calcu-
lated from the interply quantities by
weight. The membranes produced at lower
temperatures measured closer to the theo-
retical. It was concluded that the actual
amount of coal tar interply quantitics is
better measured by determining the weight
of the sample coupon and subtracting the
weight of the felts from the coupon weight
and dividing by the number of layers of
bitumen.
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Test results

Physical properties—Table 1 shows chat
both Type I and Type III matcrials essen-
tially met the requirements of ASTM D-
450-78 ¢xcept that:

W Type | material exceeded the ASTM
maximum for total percentage of bitu-
men soluble in carbon disulfide by .35
percent; and

B Type [ wasqot tested for specific gravity
of distillaté due o insufficient residue
sample derived from the distillation.

Viscosity determinations—rccsulis of
viscosity determinations over the range of
temperatures used in the test program for
both coal tar pitch and coal tar bitumen are
plotted in Figure 2. It is noted that both

- materials  demonstrate  similar  viscosity
curves over the temperature range of 300F
to 450F

The viscosities of the respective coal tar
products at the Koppers recommended
application icmperatures between 350F
and 4007 are shown in the shaded areas of
Figure 2, that is 18 to 34 centipoise (14.3 to
27 centistokes) for bitumen and 13 to 25
centipoise (10.3 to 198 centistokes) for
pitch.

The values for the average interply mop-
ping weights at the six mopping tempera-
tures, which are superimposed in Figurc 2,
show that the Koppers' ceccommended

application temperature, indicated by the
shaded arex, resulted in interply mopping
weights of about 18 to 22 pounds per
square for pitch and 21 to 23 pounds per
square for bitumen.

The rates at the lower temperatures of
300F and 325F resulted in interply mop-
ping weights of 25 and 30 pounds per
squarc for coal tar pitch and bitumen,
respectively. :

An analysis of the data with respect to
the viscosity/temperature relationship of
coal tar bitumen shows a viscosity of 25
+10 centipoise (20 +8 centistokes) iy
required to attain interply mopping
weights of somewhere between 18 and 23
pounds per square. Assuming this is a valid
conclusion, the EVT range lor coal tar bitu-
men used in this study would be from 350F
to400E

For coal tar pitches, the viscosity is
somewhat lower a1 a given temperiature,
which is reflected in the lower interply
quantities. Therefore, based upon a viscos-
ity of 25 +10 centipoise (20 X8 centis-
tokes) the EVT for coal tar pitch would
range between 335F and 385E

Discussions with the mop man during
the sample preparation phase revealed that
it was a difficult and tiring task to mop
these coal tar products ae the 300F and
325F temperatores where the materials
have viscosities somewhere above the 50
centipoise (39.7 centistokes) range,

REQUIREMENTS/ASTM D450-78 TEST DATA ASTMTEST
Type | Type lll Typel  Typelil METHOD
Water, max., % 0 0O o 0 D-86
Specific gravity, 26/25C {77F) 1.22-1.34 1.22-134 1.28 1.26 D-70
Softening point (R&B), °C 52-60 56--64 h8.5 62.0 D-36
Softening point (R&B), °F 126-140 133-147 134 146 D-36
Flash point (COC}, min., °F 248 248 420 415 D-92
Total biturmen soluble in carbon
disulfide, % 72-85 72-85 8557 8290 -4
Ash, max., % 05 0.5 - 014 06 D-2415
Total distiliate:
0-300C, max., %
{32-5672F, max., %) 0 0 0.99 O
0-315C, max., %
{32-599F, max., %} — 0 — ¢
0-360C, max., %
{32-680F max., %) — 5 20
Specific gravity of distiliate
fram 0-300C, min.,
{32-572F min.) 38/15.5C 1.03 NLA. * N.A,
Softening point (R&B) of residue
from distillation to 300C max., 80°C 61.9°C —
to B72F max., 176°F — 142°F

MN.A. —Not applicable
*Insufficient sample for test from distillation




Application rates of interply mopping
material—Tables 3a and 3b give the inter-
ply weight of biturmen and pitch for cach
coupon prepared at the respective test tem-
perature. The weights are expressed in
pounds per 100 square feet per ply. Figure 3
illustrates that a definite correlation exists
between the interply mopping weight and
the application temperature. As expected,
larger quantitics of both bitumen and pitch
were applied as the temperature
decreased. Further, slightly farger quanti-
tics of bitumen were applied at identical
temperatures to those of pitch. Figure 3
also shows no apparent correlation
between incerply mopping  weight and

whether or not the sample was broomed
during the application procedure.

Table 4 summarizes the average interply
mopping weights of bitumen and pitch ae
the test application temperatures.

A rather interesting finding from the
data in Tables 3a and 3b was the non-
uniformity of weights among the individ-
uai test coupons taken ar presclected
locations from the test samples in spite of
the close control of remperature and other
variables, which are often not controllable
on an actual jobsite. Since the tests were
performed under carefully controlled con-
ditions, with accurate measurement meth-
ods. the weight differences between

TEST NO. 1 2 3 4 5

Temp. at mop 300 300 325 325 350
i°F)

350 375 375 400 400 4256 425

Yes No Yes No Yes No Yes

201 204 208 204 2286 332 126
230 226 226 199 216 176 174
320 223 221 261 260 260 275
198 206 21.8 180 17.1 185 221
225 161 148 131 1689 181 208
211 234 218 224 234 211 212

231 209 206 197 213 224 202

Brecomed No Yes No Yes No
interply, Ib/

100 ft.2
Cut #1% 279 401 198 225 153
Cut #2 272 313 282 313 2686
Cut #3 358 444 273 396 330
Cut #4 322 31.0 272 331 268
Cut #5 215 274 264 228 200
Cut #6 - — 204 176 175
Average 29.7 345 247 278 230
TEST NO. 13 14 15 16 17

18 19 20 21 22 23 24

Temp. at mop 300 300 325 325 380
{°F)

350 375 375 400 400 425 4256

Yes Ne Yes No Yes No Yes

143 151 161 127 160 169 164
214 197 200 181 168 176 146
210 240 234 216 228 264 202
219 164 190 139 166 114 141
211 201 222 184 134 183 150
213 176 17.8 19.54 19.3 188 108

Broomed Noe Yes No Yes No
Interply, b/

100 ft.2

Cut #1 183 302 283 191 15.1
Cut #2 246 336 258 230 218
Cut #3 287 389 327 350 310
Cut #4 265 306 221 193 230
Cut #5 243 336 236 224 256
Cut #6 187 210 208 187 20.7
Average 236 31.3 266 230 229

202 188 198 175 175 182 152

BROOMED NOT BROOMED

Bitumen Pitch Bitumen Pitch
Temp. °F  Typeill Type! Typelll Typel

300 34.5 313 29.7 236
325 27.8 230 247 256
350 23.1 20.2 23.0 229
375 20.6 19.8 209 18.8
400 21.3 17.5 19.7 17.5
425 20.2 15.2 224 18.2




samaples from somge sections indicate the
difficulty of applying roofing material
with any degree of uniformity, particularly
under jobsite conditions where the other
factors, which were held constant in the
test, will also affect the application rate.

Tensile properties of membrane
specimens—as an additional benefit of
the rescarch program, tests on tensile prop-
erties were! measured on selected speci-
mens taken from the samples prepared at
the test temperatures. The specimens were
sclected on the basis of those whose
weights were closest to the group average
dnterply weight, The specimens were
tested in accordance with ASTM method
D-2523 in the across-machine direction at
a temperature of OF Table 2 reports the test
dara as well as other pertinent information
on the test specimens.

The test data indicate that there was little
scatter in tensile strength propertics
regardless of the application temperature,
the interply mopping weights, or whether
or not the samples were broomed during
application. All values essentially met the
suggested  200-pound-per-inch  require-
ment described in National Bureau of
Standards Building Science Scries No. 55,
“Preliminary Performance Criteria for
Bituminous Built-up Membrane Roofing.”

The tensile strength of the coal tar bitu-
men specimens averaged approximatcly
212 pounds per inch, which was slightly
higher than the value of 205 pounds per
inch for coal tar pitch specimens. On the

other hand, the average strain for the pitch
specimens was 2 percent as opposed to 1.6
percent for the bitumen specimens. All
specimens exceeded clongation values gen-
crally accepted by the coofing industey as
adequate for bituminous built-up roof
membranes.

Summary and conclusions

B The application of coal tar pitches and
bitumens in a viscosity range of 15 10 25
ceatipoise {11.9 to 278 centistokes)
resulied in interply mopping rates of 18
t0 23 pounds per square, which approx-
imates the minimum average mopping
weights of 20 pounds per square as cur-
rently recommended by Koppers.

B The EVT for coal tar products may be
considered as that temperature at which
the viscosity of the material is 25 centi-
poise (19.8 centistokes). For the prod-
uces used in this study, the EVT for coal
tar bitumen would be 375F +25E and
the EVT for coal tar pitch, 360F +25F

8 Hand-mopping of hot-applied coal tae
products at viscositics exceeding 50
centipoise {39.7 centistokes) is difficult
and tiring for the mop man.

B Point-of-application temperaturcs in the
range of 335F to 400F appear to be an
acceptable range for hand-mopping
operations involving coal tar products,
depending on the specific material used.
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B The lower the point-of-application tem-

periture, the greater the quantity of

interply mopping material.

B The wvariances in interply mopping
weights among spccimens taken from
same run were considerably higher than
anticipated.

B When the “roll-in” felt application tech-
nique is used, there are no apparent dif-
fcrences in intcrply mopping weights
between those hroomed and those
not hroomed at constant application
temperatures.

M Essentially all specimens prepared at the
six mopping temperatures met the 200-
pound-per-inch breaking load require-
ment described in NBS BSS 55.

B The average ultimate breaking load for
the 12 bitumen specimens was approxi-
mately 212 pounds per inch, while the
12 pitch specimens averaged about 205

B The average ultimate elongation was 2
percent for the pitch specimens and 1.6
percent for the bitumen specimens.
pounds per inch.

B Thc amount of intcrply mopping mate-
rial had no significant impact on the
vatue of the breaking load.

B Optical measurement performed in the
laboratory of interply material thickness
is not practical.

Additional tests and data to come

The data presented bere apply to band-
mopping technigques only Coal tar mem-
branes applied by mechanical means may
well prodiice different resulls. Therefore,
NRCA and Koppers plan to conduct addi-
tional tests involving mechanical equip-
ment wused in the application process.

In addition to the application
temperature/viscosity data, this study
produced move information such as bitu-
men cooling rates, etc. The data are being
analyzed and evaluated in order to pro-
vide a better understanding of built-up
roafing applivation chardcteristics.

Membrane
Tens. prop. @ peak load Modulus @ application
Peak load stress strain, break, Interply mopping, Ibs/sq. test temp.
Membrane ID'2) Ibs, tbs./in.2 % ths.fin.? @ testcut test avg. °F
1-NB-1 217.2 1357.7 6,713 19619 279 29.7 300
— 282 202.0 12624 1.7 22877 313 34.5 300
c o 3BN5E 204.0 1274.9 15 20594 254 247 325
g ,_& 4-B-5 2111 13194 1.7 28174 228 27.8 325
2o 5-NB-2 2184 1364.7 1.8 23049 26.6 23.0 350
mian 6-B-2 2121 13257 1.7 21664 230 231 350
ﬁ g 7-NB-4 2251 1407.0 16 25255 206 209 375
s 8-B-1 207.7 12983 1.7 18684 20.8 206 375
8 = 9-NB-2 2035 1271.7 1.6 21388 19.9 19.7 400
(2 10-B-2 2106 1316.3 1.7 19754 2186 213 400
11-NB-6 209.6 13100 1.4 18649 VAN 224 425
12-B-5 218.1 1350.8 1.6 - 14124 206 20.2 425
13-NB-2 199.6 12475 1.8 18720 24.6 236 300
_ 14-84 203.0 1268.8 1.7 20722 306 313 300 -
2 15-NB-2 2128 1329.7 1.6 23617 25.8 266 32b
£ & 16-B-2 205.3 12828 1.7 19843 23.0 230 325
i o 17-NB4 2084 1302.3 1.8 15744 23.0 229 350
o '-‘,q_" 18-B-3 2063 12828 1.9 13728 21.0 20.1 350
‘T_u a 19-NB-2 205.4 1283.6 20 14229 19.7_ 188 375
oS 2082 200.0 1280.0 2.1 17034 20.0 19.8 375
© u'_} 21-NB-5 2058 12859 1.7 14478 18.4 175 400
< 2282 186.1 11833 19 17591 16.8 17.6 400
23-NB-5 2058 1285.9 5.0 18213 18.3 18.2 425
24-B-5 2164 13623 1.8 211863 150 16.2 425
Avg. for Type Il CT bitumen, test no’s. 1-12
211.5 1321.6 1.6 20902.6 235 24.0 —
Avg. for Type | CT pitch, testno’s. 13-24
204.5 12779 20 17923.5 214 211 -

Notes:

{1} BUR membrane samples were preconditioned at OF for two hours prior 1o testing in cold chamber.

{2) Sequence in Membrane ID represents test number — brooming/not brooming— sample no. {*B” = broomed);
{“NB"” =not broomed).
{3} These values notused in determining average for coal tar type isample insufficiently restrained in the test equipment).
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