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! I ‘he objectives of this rescarch were:

B To determine the load~clongation behavior of several dif
ferent types of styrene butadiene styrene (SBS) modified
bitumen roofing membranes.

B To determine the differences in the load-clongation
behavior of SBS modified bitumen rocofing membranes
rclative to the type of reinforcement in the SBS sheet(s).

B To characterize the load-elongation behavior of SBS maod-
ified bitumen roofing membranes relative to the number
of base ply(s} in the roofing membrane.

The results of this testing program give an indication of
the relative load-elongation performance of roofing mem-
branes which differ from each other in both the type of rein-
forcements(s) and the number of plies used in those mem-
branes tested that combine builtup ply sheets and SBS
modified bitumen cap sheets. From our results, the type of
reinforcement in the SBS cap sheet has a much greater effect
on the load-elongation behavior in 8BS modified bitumen
roofing membranes than the number or type of base plies.
The load<longation performance of SBS modified bitumen
sheets reinforced with polyester when tested as a roofing sys-
tem is much greater than the performance of SBS modified
bitumen roofing membranes utilizing only fiberglass
reinforcement,
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INTRODUCTION

SBS modified bitumen roofing membranes have been used
successfully in the United States for more than 18 years.
Efforts under way at the American Society of Testing and
Materials {ASTM) have been focused on developing test
methods and product standards for this class of product.
These product standards will assist the roofing user in delin-
cating from one product to ancther when specifying or using
SBS modified bitumen sheets, These standards will not, how-
ever, assist with the delineation between different 5BS modi-
fied bitumen reofing membrane specifications.

These roofing membranes are typically composed of one
or more base plies, which may or may not be pelymer modi-
fied, and then an SBS cap sheet. There are a number of vari-
ables that affect the configuration and performance of the

finished roofing membrane, including, but not limited to:
type of base ply, number of to1al plies, type of reinforcement
of SBS sheet(s), level of polymer modification, and quality of
the SBS polymer modified bitumen. As these roofing mem-
branes have gained greater acceptance and consequentially
have seen more use, the roofing industry has been over-
whelmed with variations from one SBS modified biturmnen
roofing membrane to another. Review of the current NRCA
Roofing Materials Guide' shows 30 different SIS modified bitu-
men sheet suppliers with a total of 256 different SBS modi-
fied products and more than 600 different roofing mem-
brane specifications.

SBS modified bitumen roofing membranes utilize much of
the same installation technology found in traditional built-up
roofing membranes, including a redundancy of plies typical-
ly installed in hot asphalt and base plies that often are the
same type of ply sheets used in a built-up roof. Due to these
similaritics, as SBS modified bitumen roofing membranes
gained in popularity, efforts were undertaken to define these
products in terms of their performance relative to the per-
formance characteristics of a built-up reof. In particular, dif-
ferent users have defined SBS sheet materials in terms of the
performance property of tensile strength already associated
with bituminous membrane roofs.

In 1974, Mathey and Cullen® presented 20 performance
attributes of bituminous membrane roofing and then offered
criteria for several of these attributes. Included in their rec-
ommendations was the performance criterion of 35 kN/m
(200 Ibf/in.) of tensile sirength when tested at -17.8°C (0°F)
in the weakest direction. This criterion was determined based
on the tensile strength performance of roof membranes in
service at that time. Since 1974, correctly or incorrectly, this
35 KN/m {200 1bf/in.} of tensile strength has become the
benchmark of built-up roofing performance criteria; howev-
er, when applied to modified bitumen roofing membranes,
this criterion does not take into consideration the contribu-
tion that elongation makes to performance.

The ASTM test methods standard D 5147 includes the test
methods for determining the tensile strength at maximum
load, the percent elongation at maximum load, the tensile
strength at specimen break, the percent elongation at
specimen break, and the strain energy at both maximum
load and at specimen break of these sheet materials. Like-
wise, the proposed ASTM product specifications all include
load-clongation criterion for cach product type. Dupuis’ has
described the different load-clongation behaviers of several
different types of polymer modified sheet materials and the
reladve performance differences between these materials
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and the traditional built-up roofing membrane.

Rossiter® analyzed the load-elongation properties of sever-
al bituminous roofing membranes and proposed strain ener-
gy as an alternative criterion to tensile strength. Rossiter's
work focused on bittminous built-up membranes, including
membranes fabricated from reinforcements such as polyester
and an SBS modified bitumen sheet material. As a reference,
a fourply, fiberglass reinforced builtup roofing membrane
will exhibit greater than 35 KN/m (200 1bf/in.} of tensile
strength with an accompanying elongation of 1 to 3 percent
when tested at -17.8°C (0°F).

Dupuis* concludes that "the overall performance is diffi-
cult to establish if we only study individual material charac-
teristics,” yet, as the number of configurations of SBS roofing
membranes has grown, little has been done to quantify the
load-elongation characteristics of these membranes. And if
the load-elongation curve is directly related to the "tough-
ness” of the membrane, as suggested by Rossiter,® then this
information relative 1o different membrane configurations is
important when assessing one membrane configuration with
another. For these reasons, testing was initiated to determine
the load-elongation characteristics of an assortment of SBS
modified bitumen roofing membranes.

-SYSTEM CONFIGURATIONS AND CONSTRUCTION

The different types of roofing membranes available utilizing
one or more SBS modified bitumen sheet materials is quite
numetrous, as noted. For this reason, the authors selected 10
roofing membranes for the testing program that were con-
sidered to be representative of the more frequently installed
configurations. Table 1 defines the products used in the dif
ferent membranes, and Table 2 summarizes the 10 roofing
membranes tested in this program. As noted in the tables,
products from four different manufacturers were utilized,
and each of the membranes constructed was made with
material from a single manufacturer. This was done to verify
the relative performance characteristics of the different gen-
eral types or classes of products and to blind the data from
any particular manufacturer.

was mechanically fastened to the plywood deck and the roof-
ing membranes were mopped to the wood fiber insulation
with ASTM D 312, Type III asphalt. The mopping grade
asphalt was heated to a temperature of 246°C (475°F), which
yielded an application temperature of approximately 232°C
(450°F). After each membrane was mopped, it was identified,
stored and cooled without sustaining any damage.

After a minimum of 48 hours at ambient temperature,
each membrane was separated from the insulation and cut
into strips. Subsequently, the strips were cut into the “dog
bone” shapes used in ASTM D 25237 with a die and pneu-
matic press to ensure that all the specimens would be the
SAMe 51Ze.

LOAD-ELONGATION TESTS

The specimens were tested in accordance with ASTM D 2525
except as modified by paragraphs 6.1.2.3 and 6.1.2.4 of
ASTM D 5147° using an Instron model 5500R with 38.1-mm
x 5}.8-mm (I%in. x 2-in.) serrated pneumatic jaws. The
Instron used for the testing utilizes series 9 software and all
tensile, elongation, and strain energy values were calculated

using Instron Enhanced Report software. '

All specimens were conditioned a minimum of 24 hours at
the test temperature. The temperatures were determined
using a calibrated thermocouple and the temperature was
maintained by using an environmental chamber. The tests
were conducted with a cross head speed of 50.8 mm
(2 in./min.) for the 22.8°C (73°F) test temperature and a
cross head speed of 2.03 mm/min. (0.08 in./min.) for the -
17.8°C (0°F) test ternperature.

The load-elongation tests were performed in both the
machine direction (md) and the cross-machine direction
(xmd}. Three specimens were tested in each direction for
each of the roofing membranes tested. Table 3 summarizes
the results of the load-elongation tests. The average curve
stress-strain diagrams for each of the roofing membranes test-
ed at -17.8°C (0°F), in both the machine and cross-machine
direction are shown in Figures 1-20.

The roofing membranes tested were all constructed in the Manufacturer | System System
same manner. The decks were constructed using 1.2mx24m Designation Description
{4 ft. x 8 ft.) plywood. A 12.7mm (¥in.) wood fiber insulation
A A-1BP1-1G3H1 One ply of BP1, one ply of G51
Produgt Designation Product Description B B-1BP1-1CS1 One ply of BP1, one ply of CS1
BP1 (3 manufacturers) Ply sheet, ASTM D2178.2 Type IV C C-1BP1-1CS1 Cne ply of BP1, one ply of CS1
8P2 {2 manufacturers) SBS modified base sheet, 90 mils B B-3BP1-1G51 Three plies of BP1, one ply of
thick, fiberglass reinforced Cs1
BP3 (1 manufacturer) SBS modified base sheet, 160 mils c C-38P1-1CS1 Three plies of BP1, one ply of
thick, 180 g/sq.m palyester GS1
reinforcement A A-3BP1-1CS2  |Three plies of BP1, one ply of
G51 (3 manufacturers) BS modified cap sheet, 160 mils cs2
thick, 180 g/sq.m polyester
: A A-1BP2-1Bp1-1CS2| One ply of BP2, one ply of BP1,
reinforcement one ply of CS2
£52 {1 manufacturer) BS modified cap sheet, 160 mils
thick, 250 g/sg.m polyester A-3BP3-1CS2 One ply of BF3, one ply of CS2
reinforcement D D-$BP2-1CS3 One ply of BP2, one ply of C33
C51 (2 manufacturers) BS modified cap sheet, 130 mils A-3BP1-1083 Three plies of BP1, one ply of
thick, polyester reinforcement Cs3

Table 1.

Table 2.
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DISCUSSION

Analysis of the data yields several observations:

and cap sheet. The machine direction tensile strength of
all membranes utilizing polyester cap sheet exceeded the
machine direction tensile strength of D-1BP2-1CS3 and

M The roofing membranes utilizing polyester reinforce-
ments in the cap sheet, and in the case of A-1BP3-1C52,
which used a polyester reinforcement in the base ply also,
generally exhibited strengths equal to the roofing mem-
branes with only fiberglass reinforcement in the base plies

many of the crossmachine direction strengths of the
membranes using a CS$1 or a CS2 cap sheet were higher or
similar to the cross-machine direction strength of D-1BP2-

1CS3.

B The strain energy, in both directions, of all SBS modified
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bitumen membranes tested exceeded the strain energy
of traditional builtup roofing which is typically in the
13.322.2 N-m/m (3-5 lbfin./in.) range, depending upon

the test temperature.

W As one would expect, all of the roofing membranes exhib-
ited higher strength at the -17.8°C (0°F) test temperature
than at the 23°C (73.4°F) test temperature. Additionally, all
of the membranes except for those made with product pro-

duced by Manufacturer B exhibited higher elongation at
the 23°C (73.4°F) test temperature than at the -17.8°C
(0°F) test temperature,

M The differences between the tested roofing membranes
utilizing a polyester reinforcement in the cap sheet are
more dependent upon the specific modified cap sheet
than the number of base plies as exhibited by the similar-
ities between the B-1BP1-1CS1 and B-3BP1-1CS1 and the

THaplacemani in

=5 =" [_moame
;: ) 12 T . - et
10 b 104 P
zm- 5' -] ‘m h EM
3'”'} ia.s { ? !u ; .
o L///A o TM o o]
50 | 021 i { 0.2
% o3 495 15 Iz 5 3a R S S s o e A { 2 = @ s
Olsplacenwent i Oisplecement wun Diepinsmant i Dispisoement mm
Figure 9. Figure 13.
= =
vy ~ E L, M P |
280] 12 - 12 '
280
2004 1 189 i 10
iin‘ | ] ;:..: ) 150 T SN i'u
1 Va o8
p I [ e b
: 0.2 i 04 vay
® ; i i ]
th 05 1B 13 20 35 D oo 5 10 20 30 40 60 8 Im 09 o5 18 s 28 Z6 80 20 0 £
Diophacmend in Despiacament s Dispincarnasd in Displacemenl mm
Figure 10. Figure 14.
] BAMPLE: A 3HF1ACEZ ‘ ] Pr e ——— \ | [ ]
A — ey iUk Cuan O R Ciond L Gy
; ) ) 1.2 T 7 ; " ) 124 o
0 104 200] 199
qu in'. 3 5u-
3 [m !" _ ‘//—fl 3 /./1 !u /L//l
1004 “q[l . 100 s |
" | " | " |
» ' i ' L j
R R R I I A B B K e e e S B N L L
Displacert ot Dbaplacanailt i Dk placasnird
Figure 11. Figure 15.
s | st [(rgimn= | B
] 21 250] 1.2
1.0 10
s 200
¥ 0.8 £ "]
B | A -
m| 0.4 LM‘\ 1901 T 04 '{,.. e
; 0.2 | L | ! ol
o] ! g i ] i | '
we 4B 180 15 20 8 &0 u.o T % % 4 & & on.e N 40 156 20 28 30 oo 1 2 30 40 so 60 T

[Maplacament mw

Diplacarent n Displucamynt i

Figure 12.



282 Proceedings of the Fourth Interpational Symposium on Roofing Technology

differences between B-3BP1-1CS1 and A-3BP1-1CS2. Of
these membranes, the two with three ply sheets below the
modified cap sheet exhibited similar elongation results in
both directions and at both test temperatures; however,
the tensile strength and the strain energy appear to he
more specific to the manufacturer and not the specific
composite of the membrane. This is further exemplified
by the slightly higher strain energy of B-1BP1-1CS1 when
compared with B-3BP1-1CS1. This result was not expect-
ed; howevey, it could be due to slight damage to the poly-
ester cap sheet when the three ply sheets ruptured in
B-3BP1-1CS1; it could be due to the variation in the inde-
pendent layers used to construct the membranes; or it
could be that the variation in the data shows no significant
difference in the strain energy of these two membranes.
This apparent anomaly requires further testing to deter-
mine its cause.

B Currently, there is not a standard test method for testing
roofing membranes in which all of the data can be com-
pared equally, i.e., at the same rate of jaw separation
regardless of the ultimate elongation of the material or
the test temperature. The two standards that are applica-
ble for modified bitumen membranes and sheet materials,
ASTM D 2523" and ASTM D 5147 respectively, use dif-
ferent sample sizes and strain rates, which indicates that
the data cannot be compared.

@ When comparing the testing performance of the the same
“type” of membrane from different manufacturers, one
needs to remember that the individual components used
are manufactured to each manufacturer's respective spec-
ification{s) and that one should not expect a membrane
from one manufacturer to perform the same as a like
membrane from another manufacturer.

SUMMARY AND CONCLUSIONS

The load-elongation curves generated by this testing exhibit
the expected results for each of the types of membranes test-
ed; the membranes with a fiberglass reinforced cap sheet,
D-1BP2-1C83 and A-3BP1-1CS83, exhibit strength with low
elongation and the remaining membranes, those which uti-
lize a polyester reinforced cap sheet, exhibit strength from
the fiberglass ply sheets and elongation and strength from
the polyester reinforced material.

The results of this testing indicate that there is no signifi-
cant difference in the strain energy properties of an SBS
modified bitumen roofing membrane utilizing one ply sheet
under the SBS cap sheet and an SBS modified bitumen roof-
ing membrane utilizing three ply sheets under the SBS cap
sheet. Further, there is not a linear relationship between the
number of ply sheets and the tensile strength of the mem-
brane; more precisely, for each ply sheet meeting ASTM D
2178, Type IV, the tensile strength does not appear to
increase by 195.7 N {44 Ibf). In layman's terms, additional
plies should be chosen for the benefit of redundancy in
waterproofing plies or a performance attribute other than an
increase in the amount of energy or “work” it would take to
split the membrane.

Load-elongation testing also characterizes the differences
between the types of reinforcement in the SBS sheet materi
al. The membranes utilizing a polyester reinforced cap sheet
exhibited similar strengths as the membranes utilizing a
fiberglass reinforced cap sheet; however, the strain energy of
the membranes tested was on a magnitude of order of 5 to 10
times greater for the membranes utilizing a polyester rein-
forced cap sheet.

This paper has presented preliminary work done on a lim-
ited number of SBS modified bitumen roofing systems. It is
hoped that discussion of the data presented will lead to fur-
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ther investigation of different types of roofing membranes,
including built-up roofing.
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System Temperature, | Direction | Displace Elongation Load Maximum Maximum) | Strain Energy,
Designation F(C) @ Max.Load, | @ Max.Load | @ Max.Load | Displacement, ; Elongation Iht-in/in
in. (mm} (%) Ibf (N) in. {mm) (%) (N-m/m)
A-1BP1-1CS1 | 73.4 (23.0) md 2.08 (52.8) 42 95.4 (424.3) 2.15 (54.6) 43 57.8 (257.1)
0(-1.78) md 1.51 (38.4) 30 115.8 {515.1) 1.55 (39.4} 31 48.5 (215.7)
734 (23.0) xmd 0.77 {(19.6) 15 78.3 (348.3) 2.09 (53.1} 42 35.2 (156.6)
0(-17.8) xmd 0.13(3.3) 3 109.6 (487.5) 1.64 (41.7} 33 41,1 (182.8)
B-1BP1-1C51 | 73.4 (23.0) md 1.73 (43.9) 35 96.7 {430.1) 1.94 {49.3) 39 47.8 (212.5)
0 (-1.78) md 1.94 (49.3) 39 149.5 (665.0) 1.99 (50.5} 40 71.7 (318.9)
734 (23.0) xmd 2.36 (59.9) 47 56.9 (253.1} 2.81¢71.4) 56 43.4 {193.0)
0(-1.78) xmd 2.75 (69.9) 55 104.8 (466.2) 2.83(71.9) 57 73.0 (324.7)
C-1BP1-1CS1 | 73.4 (23.0) md 1.28 (32.5) 26 92.3 (410.6} 1.78 {45.2) 36 411 (182.8}
0 (-1.78) md 0.73 (18.5) 15 132 (587.1) 1.64 (41.7) 33 54.6 (242.9)
73.4 (23.0) xmd 0.18 (4.6) 4 67.4 (299.8) 2.07 (52.6) 41 21.2 (94.3)
0(-1.78) xmd 0.14 (3.6) 3 101 (449.2) 1.77 (45.0) a5 40.8 (181.5)
B-3BP1-1C51 | 73.4 (23.0} md 0.12 (3.0) 2 111.7 (496.8) 1.88 (47.8) 38 47.2 (209.9)
0(-1.78) md 0.74 (18.8} 15 156.2 (694.8) 1.95 (49.5) 39 68.4 (304.2)
73.4 {23.0} xmd 0.16 {4.1) 3 99.4 (442.1) 35 (88.9} 70 61.3 (272.7)
0{-1.78) xmd .12 (3.0) 2 160 (712.1) 2.8 (7.1} 56 68.3 (303.8)
C-3BP1-1GS1 | 73.4 (23.0) md 0.72 {18.3) 14 90.2 (441.2) 1.81 (46.0) 36 42.5 (189.0)
D(-1.78) md ©.14 {3.6) 3 208.2 (926.1) 1.89 (48.0) 38 69.1 (307.4)
734 (23.0) xmd 0.17 {4.3) 3 101 (449.2) 2.13 (54.1) 43 28.9(128.5)
0 (-1.78) xmd 0.08 {2.0) 126.4 {562.2) 2.11 (53.6) 42 51.7 (230.0)
A-3BP1-1C82 | 73.4(23.0) md 1.52 (38.6) 30 140.1 {623.2) 1.96 (49.8) 38 73.8{328.3)
D (-1.78) md 1.2 (30.5}) 24 182.2 { 810.4) 1.71 (43.4) 34 73.4 (326.5)
73.4 (23.0) xmd 0.17 (4.3} 3 108.3 {481.7) 1.67(42.4) 33 40.3 (179.9}
& (-1.78) xmd 0.12 (3.0} 2 224.9 (1000.4) 1.82 (46.2) 36 68.1 (302.9)
A-1BP2-1BP1 | 73.4 (23.0) md 2.12 (53.8) 42 121.7 (541.3) 2.21 (56.1} 44 77.5 (344.7)
D (-1.78) md 0.64 (16.3) 13 179.1 (796.8) 1.58 {40.1) 32 69.2 (307.8)
734 (23.0) xmd 1.85 (47.0) 37 96.5 (429.2) 2.56 (65.0) 59 70.5 {313.6)
0(-1.78) xmd 1.46 (37.1) 29 147.5 (656.1) 2.19 {55.6) 44 74.5 (331 .4)
A-1BP3-10S2 | 73.4 (23.0} md 2.4 (61.0) 48 203.8 (906.5) 2.71 (68.8) 54 132.6 (589.8)
0(-1.78) md 1.9 (48.3) 38 292.32 {1300.2y| 2.4 (61.0) 48 167.1 (743.3}
73.4 (23.0) xmd 3(76.2) 60 156.6 (696.6) 3.3 (83.8) 66 124.1 (552.0)
0{-1.78) xmd 2.6 (66.9) 52 220.1 (979.0) 2.92 (74.2) 58 157.7 (701.4)
D-1BP2-1CS3 | 73.4 (23.0) md 0.26 {6.6) 5 32.5(144.6) 2.1 ({53.3} 42 12.9 (57.4)
0 (-1.78) md 0.17 (4.3) 3 117.7 {(523.5) 0.19 (4.8) 4 5.2 {23.1)
73.4 (23.0) xmd 0.21({5.3) 4 47.8 (212.6) 2.11 (53.6) 42 14.6 (64.9)
0 (-1.78) xmd 0.18 (4.6} 4 117.8 (524.0) 0.49 (12.4) 10 6.4 (28.5)
A-3BP1-1083 | 73.4 (23.0) md 0.2 (5.1) 4 127.4 (566.7) 0.94 {23.9) 19 5.8 (25.8)
0 (-1.78) md 0.12 (3.0) 2 186.2 (828.2) 0.16 (4.1) 3 5.2 (23.1)
73.4 {23.0) xmd 0.15 (3.8) 3 97.2 (432.3) 0.74 (18.8) 15 49(21.8)
0 {-1.78) xmd 0.09 (2.3) 2 140.7 (625.8) 0.17 {4.3) 3 3.0(13.3)

Table 3.
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