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SCALING OF CONCRETE BRIDGE DECKS
CONSTRUCTED WITH STAY-IN-PLACE FORMS

In 1962-63, the Research Laboratory Division conducted a laboratory
study to determine the difference in scaling performance under freezing
and thawing cycles of concrete specimens molded in porous and in water-
tight molds. The resuits of these laboratory tests, which were trans-
mitted te C. J. Olsen by E. A. Finney's letter of April 17, 1963, indi-
cated that for all three nominal air contents of 5, 7, and 10 percent, the
specimens cast in porous molds exhibited less scaling after 120 cycles of
freezing and thawing.

Asg a result of this laboratory study, which confirmed previously
published observations by Grieb, Werner, and Woolf of the Bureau of
Public Roads (HRB Bull. 323, 1962, p. 43), the Research Laboratory
was asked in April 1963, to conduct a field survey of scaling of bridge
decks constructed. using stay-in-place forms, Shortly thereafter a
meeting of Laboratory personnel concerned with this problem was held to
discuss the procedure to be used in performing the survey. It was the
consensus that the performance evaluation should be based on comparison
of scaled deck areas of bridges constructed with conventional forms and
with stay-in-place forms. It was also agreed that a preliminary study
should be performed in order to determine a definition of scaling to be
used, to select control bridges, to examine construction notes for per-
tinent information, and to develop a procedure for conducting the survey.

This report summarizes the results of this preliminary study and
discusses the field evaluation of bridges in Districts 5, 7, and 8. Con-
clusions are included regarding the effect of stay-in-place forms with
respect fo surface scaling. Suggesied further research to isolate the -
effect of watertight forms and to develop preventive measures to reduce
scaling is discussed very briefly.

- Preliminary Study

Definition of Scaling., Based on a review of pi'evious survey reports
and Laboratory test results it was concluded that for a field survey com-




prising numerous bridges, "scaling'" should be categorized in three
degrees of severity, illustrated in Fig. 1 and defined as follows:

1. Light scale, Areas where most of the surface is defaced by the
mortar being removed as deep as the surface of the coarse aggregate.

2. Medium scale, Areas where all mortar has been removed to the
top of the coarse aggregate, with about one-half the area showing deep
spots where the mortar surface is below the upper surface of the coarse
aggregate.

3. Heavy scale. Aveas where all mortar has heen removed well
below the upper surface of the coarse aggregate with some of the coarse
aggregate loose or removed

Selection of Control Bridges. Inselecting control bridges the influence
‘of climate, traffic volume, and years of service were considered. To
minimize the effect of these variables only bridges in the same general
area, exposed to approximately equal traffic volumes, and of the same
relative age as the bridges comstructed with stay-in-place forms, were
used as control.

Examination of Construction Notes. Construction notes on the bridges
were studied and the factors selected for correlation with scaling were
conerete slump, air content of concrete, type of curing, and type of
finighing.

Survey Procedure, The procedure developed for inspecting the
bridges consisted of sketching the location and area of scaled surface on
a plan drawing of the bridge deck with ecach area coded as. fo type of
scaling, This method of recording, in addition to giving the area and
type of scaling, would indicate if scaling was confined to certain specific
areas of the decks, Only the scaling of the clear roadway surface was
recorded in this manner, whereas the condition of the remaining super-
structure and cracking of the deck were described in gualitative statements.

Field Survey

The field survey was conducted during the late summer and fall of
1962 and included inspection of 18 bridges with stay-in-place forms and
10 bridges constructed with conventional forms. In addition, four bridges
were Iinspected where the center span was constructed with stay-in-place
forms and the end spans with conventional forms. Scaled areas were
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measured and defined as to degree of scaling, and deck cracks, sidewalk
conditions, and water seepage through the deck were also noted.

The project number, year built, location, and type of forming for
each inspected bridge are shown in Table 1, along with the total deck
area and extent of scaling, The last column of Table 1 gives the percent
of total surface area scaled for each bridge, indicating that of the 18
bridges and 4 center gpans built with stay-in-place forms, 11 bridges
and the 4 center spans showed no scaling. Of the 10 bridges and 8end
spans built with conventional forms, 5 bridges and 6 end spans showed no
scaling. The average percent surface scaled was 3.4 percent with the
stay - in - place forming, as compared to 5.1 percent for conventional
forming, ' '

A statistical analysis of the means was conducted to test for a signi-
ficant difference in average scaling between the two types of forming
method. A significant difference would indicate that one type of form
might be preferred over the other. A "{" test was performed to test the
difference in means, and indicated no significant difference between the
two forming methods, However, this result was not conclusive, because
the assumptions required in performing the test were not entirely met.

A cursory examination of field construction notes gave no indication
of poor concrete in the bridges where scaling was prevalent, The air
contents were within the limits of 5.5 + 1.5 percent, and the slump
ranged from 2 to 4 in. with medium consistency. No correlation could
be found between scaling and different methods of curing, such as wet
burlap, polyethylene, or sprayed-on curing membrane, nor between
scaling and various methods of surface finishing.

From the survey records it appears that scaling generally is confined
to the gufters and individual deck pours or parts thereof. In many
instances it was observed that concrete in a certain deck pour, or part of
a pour, exhibited very different scaling properties than others, although
concrete was from the same source, and was placed, finished, and cured
in the same manner.

No distinct difference was noted in the crack pattern of decks formed
using the two types of forms. In no case was there any evidence of water
leaking through the deck cracks and seeping out between joints in the
stay-in-place forms. Water seepage through cracks of conventionally
formed decks was noted on only two structures. Aside from some slight
pitting, the sidewalks were found to be in excellent condition regardless
of form type. '



ATuo sueds PUY e -
Ao ueds 1990970 4

L70% 6122 | 21¥%C [BUOHUDAUCT} UOSHIEBL JO 18BD 89TTW G° 1T peoy oyeT Xes[d Ispun 6 1| 096T £0T8E IO 908
€0 21 a%es [EUOTUBATOD UOSHOE[ JO 1889 SO G°g peoy adoy ‘3 Iepun 61| 0961 £0T8E 10 08
g°91 ZLL 688% | soerd-ur-imIg WOSHIBPL 7O JSB2 SO §°0 {gq) peoy sovyg IsA0 $6I| 0961 S0TS8E JO ¥08 g
7697 |oowid-ul-4mig UOSHIESL JO JSES SO G0 {gm) PeOY 808y I1940 6 I[ 0961 £018¢€ J0 £08
98LS | 908[J-ul-felg UOSHORP JO 1883 SS[MU (¢ peoy o1ddwym Iepun 36 I| 0961 £0TRE JO 208
sgee | oovid-ur-4mig UOSHOEL JO }SBD SO §°F peoy juedaeg xepun 76 I| 096T £0T8E JO TOS
9 91E 6494 TEOTIIOATIO)D) JISGIRH JO JSLIYLIOU SO () °g (€N} PROY I94MES 2940 $6 1] T96T QI0TT 70 018
0°6T POIT | 6292 TEUOTIUDAUG]) JIPGIRH JO ISUSYLIOU SB[ 0 (68) peoy I04Mmes Y940 F6 1] T96T SIOTT 30 0TS
£198 Teuonusaue)y SpISayE] JO 1§80 S §°T peoy Asey Iepun y6 1| T96T STOTT 0 108
2197 [EUOTIUSAUOT) 1X3qIeH JO FLION BT o °] (AN) 9 O % O JeA0 6 1| 0961 |+xGTOTT 70 80X
£19% TBUOTIUSATOD 1XeqIeH Jo YiIou ST 1 () YY Q % D 1840 56 1| 0961 |+«8TOTT 30 £0X
LO¥S | | Teuonusauoc) oreyng MaN Jo |SBSYLION [T ¢°{ (AN) MM QAN 1940 36 I} 0961 |++STOIT JO EOX
6°1 09 0% L0%¢ TBUCTIUSATO)) OEIng MmN JO JSTIYLION J[TW ¢ 0 (dS) Y QAN 1840 $6 1| 096T |«xSTOTT JO 10X
0%2% [EUOTIUSATOD 118qIEH §O ISES SO[IW ¢ PBOM 1I9GIPH a8pun 6 [| (96T STOTT 3O 608
79 1t 0220 TeuOTIBAuSD HBqIeH JO JSEOYIMOS SBTRU &' T peoy SYe( 92IYJ, ISpun 36 1] 0961 ST0TT 30 808
oeIg [EUOTHIBANOD SIITASUSASIS JO ISESYLION SO[TW 172 (IN) ¥92I0) O[99 1940 $6 1] 0961 ST0TT Jo 204
0818 TEUCTUSATOD S[[LASUSABIS JO JSEAYLION SB{I T'F {g9) ¥99xD o129y 1840 $6 1] 096T STOTT Jo 209
cggs | 99BId-UI-Aeig spIEayE] JO 1SRIYIN0S [ O] PEOY URIXEM XSPUNF6 1| Z96T ST0TT JO 908
9793 9833 | 00%8 |PoeId-ul-Amig 2pPISAYET JO YINos ST £ PROY 9PIS 9¥e'l Iopun $6 1| Z96T STOTT 3O 508
T°1 081 1860T |9vRld-ui-Amg 181d Uoyu[] JO 3SED S[TW §°0 pROY I9LJ HOTU[ Iopum ¥6 1| Z96T CI01T ¥0 $08 L
0°9% 4 P01 | 0869 |°o®Id-ul-Awig IBId UOTH[} JO YOS Semu 1°T peoy Jo8nXY I9pUn FE 1| 296% STOTT 30 £08
8'¢ 69% 8T1 08001 |{39BId-UI-Le)g oTejyng MAN JO JSESULION I[TW L") (GN) 09 W pue 21 6N 1940 $6 1| z98T ST0TT 0 208
08001 {@7eId-ul-AEI5 oTEHINg MSN JO ISTIYLIOU SN 40 (ds) 09 W PUB T §N 1240 §6 1| 2961 ST0TT ¥ T08
g ¢ 98% 0618 |@9BId-ul-Ae1g OIBHNG M3N JO ISEIYMIOU SIITH §°g (FN) I9ATY USITED 1240 61| 2961 STOTY I0 106
0618 |99®Id-UuI-4m3g oTeyRY MoN JO JSESULIOU STt ¢ F (g8} X0ATYH USBITRD 1840 6 1| Z96T €I01T 30 104
99gz  [29RId~UI-Avlg 119GTeH Jo YI0u ST (71 () MH O 3 O I240 BT 096T | «ST0TT Io 80X
oogz |P0Rld-ur-AmIg MRUITH JO YIIOU [ §° T () HH O 3 D 2240 %6 1| 0961 | xSTOTT 30 20X
630g {90BId~uT-LwIg OTEIIRg M3N JO JFRIYLION MW § 0 (BN} g9 OXN 1940 ¥6 1| 096T | +$TOTT 30 20X
6F0g  |PORId-UI-AmIg OTRIING MON JO ISRUIION [TWI G ) (48} ¥y DAN 1840 56 1| 0961 | +SLOLT IO TOX
gIL9 {o9eld-ui-4eg | zoqIEH UOJULH JO ISESUYMOS SOTMA T {da) peoy suojsadid 1840 $6 1| 0961 9TOTT JO £08
£TL9  |99BId-UI-4¥)g | JoqIuH UOIUAF JO JSEOYIMOS SO G T (ga1) peoy eucysedid o040 6 1] 0861 9T0TT 30 €08
06T |99BId-uI-4mg J0qIEH UOUSE JO YINOS Sa[IUk ¢ | (dm} Ieary ydesop "Ig 1940 £6 1| 006T 9TOTI 30 tod | .
02861 |eoeld-u1-Leig J0qIBH UOIAE JO YOS SS{TW ¢ 7 | (gy) 1eany ydesop 3§ 1940 F6 1| 0961 9T0TT 3o 109
002gT | TPUOHUBANCD SPEOSE] JO 1SEAYMOS SOTTW ¢ T | (GH) Ieany epddeuroyr ieac 96 1| T96T | H20TH Jo 104
Ltk g £1071 | 00geT (®oBld-ui-Leig apeose] JO JFLOUMOS SO ¢°T | (G} IeaR] orddentoyr IoAa0 96 1| 1941 F20TF Jo 104 <
’ g68 |°EId-ul-£Lerg spudey pusln enuaAsy 18MIBI 1940 TET SO | 0961 T8I 3O 218
peteos | Aszeg [wmipsiy | wdrr | (3 bs) 1max “oN
s0epmg sorpang|waoy yo adAy Uone20] 2INJONIIE PUB SINOY ‘1510 *oN 28p1ag 01115t
Jusored (13 be) pereog oovgang o8 3000 ettt

VIV AJAHNS dTHI JO AHVININAS

T A 1dV.L




Conclusions

Laboratory information concerning scaling of slab models poured in
watertight forms and on damp sand bases, due to de-icing chemiecals,
shows that more scaling occurs on slabs poured in watertight forms.
This does not seem to establish any relation between scaling of concrete
poured with stay-in-place forms and conventionaz]l forms, because it is
felt that both types (as specified by the Department) resemble the water-
tight form model slab more than either resembles the porous base model
slab. In order to determine if the specification methods of forming differ
siguificantly with respect to scaling, it appears that somewhat larger -
scale, controlled, laboratory experiments would be more useful than
inspection of existing structures.

However, on the basis of the factual evidence presented here, and
disregarding other variables whichcontribute to scaling of concrete bridge
decks, it appears that no significant difference in surface scaling can be
~ attributed to the two forming methods.

Since scaling occurs on some bridges regardless of form type, it is
evident that factors inherent in the material, its placement, its finishing,
and curing methods have greater influence on scaling than type of form
used. In other words, the factor under study is overshadowed by project
variables. Therefore, if it is desired to reduce the scaling area below
the average 3 to 5 percent now found on existing structures, it appears
that tightening of test and inspection procedures during construction would
be necessary.



