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INTEODUCTION

on June 13, 198& OSHD and Morcse Brothersy, Inc. decided to engage
in a joint effort to isclate the differences in compressive
strength, which result when <cylinders ore cast in plastic molds
and steel molds. This the first of two scheduled experiments will
show what effect mold flexibility has on compressive strergth.

THEORY

It is theorized that when cylinders are cast in accordance with
AASTHO T23-85] a problem with mold flexibility arises. In section
74342 of AASTHO TZ3-85I it states, "If voide are left by the
tamping rod, tap the sides of the mold lightly with the mallet or
ocpen hand when using 1light-gage single-use molds to close the
voids." It is believed that this tapping of the mold side could

—fddSe—Segregation—of—the—aggregate—inm—the—concreter—This—could
ultimately reduce the compressive strength, and this reduction of
strength is greatest in the most flexible molds.

SCOPE

For laboratory analysis three sets of ten cylinders were cast
from the same batch of concrete at Morse Brothers'’ prestress yard
in Harrisburg. The subsequent compressive strength testing was
performed at OSHD materials laboratory in Salem.

The results were analyzed <statistically at a 95% significance
level. This was performed by calculating the mean difference and
the standard error of the difference between the mean of the
sample of two independent populations. Values from the area under
the normal probability curve are compared to the accepted
convention.® A significant result is a calculated probability
less than 0405, and a highly significant result is a calculated
probability less than 0.0l1. For consistency with ACI 318-83 and
ACI 301-84 the standard deviation was calculated with (n-1), the
number of samples in the set, as the denominator.

# Probability and Statistics by Alder/Rossler, 1975, &6th Edition.



FROCEDURE

This procedure was developed with the premise that the concrete
used to mold the cylinders was consistent throughout the katch.
One cubic yard batch was used for the entire procedure.

On June 24, 1986 a class 6000 2/4 inch, 8 sack mix was hbatched
from OSHD mix design # §6-7140 at the Morse Brothers Harrisburg
prestress yard. From this batch three sets of ten cylinders were
molded. The three sets where as follows!

A, Flastic molds.
B. Plastic molds with protective sheet metal jackets.

C. Steel molds.

Immediately after the cylinders were cast they were moved into
the air conditioned office where the ambient temperature around
the cylinders was maintained between &0 degrees F and 80 degrees

F for 48 hours. The jackets from set B were removed when all of

the cylinders were first brought into the office. After 48 hours
all cylinders were stripped from the molds and imbedded in sand
for transporting to OSHD materials laboratory.

On June 26, 1986 the cylinders arrived at the OSHD materials
laboratory, and were promptly capped with sulfur mortar caps, and
placed in a 73.4 degree F + or - 3 degree F moist cure room until
July 22, 1986. On July 22, 19856 the cylinders were tested for a
28 day compressive strength.,

TEST RESULTS

The compressive strength of each cylinder 1is listed in Table #1
by catagories as follows!?

A, Plastic molds
B. Plastic molds with protective sheet metal jackets

Cs+ Steel molds

The statistical comparison between catagories is listed in Table
#2 and explained below!

l. For statistical analysis between Flastic molds and Plastic
molds with protective sheet metal Jjackets, category A vs. B,
exhibited a highly significant difference. The value was 0,001,

2. For statistical analysis between Plastic molds and Steel
molds, category A vs Cy exhibited a highly significant
difference. The value was 0.000.

3+ For statistical analysis between Plastic molds with protective
sheet metal jackets and Steel molds, category B vs. C, exhibited
8 highly significant difference. The value was 0.000,



CONCLUSIONS

Although there appears to ke a highly significant difference
between all three category comparisons, the relationship of meld
flexibility to compressive strength is proven false. As the
theory states, strength <chould decrease with the use of more
flexible molds, but the means of our catagories did not follow
that relationship,

The highest mean strength was found in Steel molds, but some of
the strength gain could be attributed to the water loss through
the <ceams of the Steel molds, since the steel molds did not
comply with AASHTO TEST DESIGNATION! M 205-83I (ASTM DESIGNATION:
C470-81) for watertightness.,

The next highest mean strength was in Plastic molds with no
protective jackets, instead of the Plastic molds with protective
sheet metal jackets. The lowest mean strength was found in
FPlastic molds-with-proteective-sheet—metal Jjacketss

Since this experiment was performed on an S-sack mix with a low
water cement ratio, which results in a relatively stiff mix, it
stands to reason that for other mixes with less cement lecs
tapping will be required to fill the voids left by rcddinge.e Thics
should result in less of a difference in compressive strength due
to the mold flexibility.

Currently OSHD is using Flastic single-use cylinder molds for all
acceptance testing, and after evaluating the results herein, no
change in our ©policy is recommended at this time. A further
evaluation will be made when phase two of this study 1is
completed.



COMFRESSIVE STRENGTH OF CYLINDERS

TABLE 1
CATEGORY A E c
7430 7320 7920
7935 7390 8285
7740 7390 7875
7750 7540 7540
7695 7390 7790
7595 7340 8250
7370 7520 785
7675 7490 7725
7525 7285 2135
7630 7670 8395
MEAN 7634.5 7413.5 8015.0
STD. DEV., 165413 119.58 232,98

STD. ERROR 52.22 37.81 73.66



STATISTICAL COMPARISON OF CATEGORIES

TABLE I1I
CATEGORY A vs E A ve C E vs C
MEAN DIFF. 221.0 380.5 601.5
% MEAN DIFF, 3.0 548 8.1
STD. ERROR L4.,47 20.29 82.80
(of mean diff.)
RATIO 3.428 4,214 74264
AREA VIA TABLES 0.4997 0.5000 0.5000
{0.5-AREA) 2 0,001 0.000 0.000
SIGNIFICANCE HIGHLY HIGHLY HIGHLY
COMFIPENEE (v 99 7< 9y

e
"

Flastic molds

m
n

Flastic molds with sheet metal Jackets

O
n

Steel molds
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Appendix 361
&
Table (
Areas Undar the Normal
Probabllity Curve
The entries under A denote the sree between the line of
symeRtry (Ul T 0) and the given z-value, z=012
x A z A ¥ 4 A z- A
0.00 0.0000 030 01179 0.60 02268 0.90 03169
.01 0040 31 A217 61 2291 o1 3166
.02 0080 32 1266 62 2324 02 3212
03 0120 A3 1263 .63 2367 23 3238
.04 0160 I 2 1331 64 2389 H4 3264
06 0199 36 1368 .66 2422 26 3289
06 0239 36 1406 66 2464 86 3316
07 0279 37 1443 67 2486 87 3340
08 0319 36 1480 .68 2618 28 3366
09 0369 39 617 69 2649 29 3389
10 0398 A0 J664 70 2680 100 413
A1 o438 A1 1691 J1 2612 | 101 3438
12 047¢ A2 1628 J2 2642 .02 461
13 L0517 A3 J664 J3 2673 103 3486
A4 0667 Al 4700 74 2704 1.04 3608
A6 0596 A6 A736 .76 273 106 3631
6 0636 A6 AT72 76 2764 108 3664
A7 0676 A? 1808 a7 2784 107 3677
d8 0714 A8 A644 .78 2823 108 3609
A8 0764 AQ AeTe J9 2862 108 621
20 0783 50 A816 20 2881 1.10 643
21 0832 51 1960 81 2810 111 3686
22 0871 52 41086 82 2039 1.12 3608
23 0810 53 2019 23 2967 113 J708
24 0948 54 2064 84 20988 1.14 3728
28 0967 56 2068 A6 3023 116 J749
26 1026 56 2123 26 3061 1.16 3770
27 1064 £7 2167 287 3079 145 3780
28 Jd103 58 2190 28 3108 g - 3810
29 d141 59 2224 29 3133 119 . . 380




ILLUSTRATION 42

362 Appendix
Table l. Areas Under tive Normal Probablility Curve
(continued)
¥ 4 A *x A z A A

2003849 TS 04SN 180 04713
121 3669 156 A408 AT19
122 3as8 167 Al
123 3907 158 A430
124 3926 150 A4

126 S04 180 A462
126 3962 1.81 A483
127 3980 1.62 A474
128 3997 183 A486
129 A016 184 A496

130 4032 1.66 AG605
131 A049 1868 A616
132 Aose 147 A626
133 A082 188 AG636
1.34 A099 189 AG46

136 A166 .70

KEREE ENSED pmmmm gmems pmews cocoo oo
4

SEEEE SEREE SENER SNNEY UDUBE pEESy cospy -
>
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AG64
'136 A131 1.7 A664

137 A147 .72 AST3
138 A162 .73 A832 A926
139 A1T7 174 AG91 A817 A827
140 A182 1.76 AGe0 A821 A929
141 A207 1.7 Pacod A820 A8t
142 A222 7 A816 A8 A082
143 A2)6 1.78 A826 A834 A0S
144 A261 .7 ACTY AL38 A0L8
146 A266 150 A841 A842 AR
146 A2T8 181 As49 A848 AL%0
147 A292 1482 AC68 A860 A841
148 A8 143 ACC4 A864 A843
149 A3N9 184 AST A867 ACL6
150 AX32 1486 ACT8 A861 ALL8
151 A346 146 Ag86 A866 AG40
1.82 AIST 187 AJ03 A868 ACL0
1483 A3T0 148 AT00 A8T1 A861

A382 AT06 ABT6 A962




ILLUSTRATION 3

Appendix 363
Table l. Areas Under the Normal Probebllity Curve
(conciuded)
zr A X A x A ? 4 A

280 Q4963 | 296 04984 | - 3.30 04006 3860409
281 A966 298 A986 3.31 A986 346 A809
262 A966 297 A986 332 Ag98 .67 A899
263 A067 298 A88s 333 A896 368 - 49090
264 A969 299 A886 b 73 A896 3.60 A989
266 A960 3.00 A887 3.36 A996 370 AS89
268 4961 3.01 A887 336 A996 . A889
267 4962 3.02 A987 3.37 A996 3.72 A889
2.68 A963 3.03 A988 338 4996 .73 A999
269 A964 3.04 As88 339 49897 3.74 A099
2.70 A966 3.06 A989 340 A997 3.76 A899
2.71 A966 3.06 AS89 341 A807 3.7¢ A889
2.72 A967 3.07 A969 342 A997 .77 A809
273 A968 3.08 A$90 343 A997 3.7¢ A899
274 A969 309 A890 344 A997 179 A989
2,76 A970 3.10 A990 346 A897 380 A899
2.76 AT 3.11 A9 346 = 4997 3481 A989
2m A872 3.12 A081 347 A997 382 A989
278 AS73 313 A0S 348 A998 343 A889
270 AT4 3.14 A982 349 A908 3484 A899
280 A4 3.16 A892 350 A898 3486 A869
2481 AST6 316 A082 3.61 A888 386 A9
282 AS76 317 A892 352 A008 387 5000
283 ASTY a.1¢ ASS3 353 A886 348 5000
284 ASTY 319 A083 354 A998 389 5000
286 AS7¢ 320 A983 3.66 A998

286 A9T9 321 A983 3.66 A998

287 A960 322 A894 367 A998

2488 A980 323 AS94 3.68 A868

289 A981 3.24 A984 3.69 A998
290 A981 326 A4 3.60 A998

291 A982 3.26 A884 36t A999
292 A963 327 A986 362 A989
243 A983 328 A96 343 A809

284 A084 329 A896 .64 A809




